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Property-Based Drug Design and 
Preformulation 

Howard Y Ando, PhD 

Galen W Radebaugh, PhD 

The discovery and development of new chemical entities 
(NCEs) into stable, bioavailable, marketable drug products is 
a long, but rewarding process. Due to the tremendous cost of 
developing a NCE, and industry’s need to enhance productiv- 
ity, it is desirable to create NCEs that have suitable physical- 
chemical properties, rather than compensate for deficiencies 
solely by the formulation process. Hence, property-based de- 
sign can enhance the likelihood a NCE will have the desired 
physical-chemical that will facilitate its ability to be developed 
into a stable, bioavailable dosage form. Even so, well-designed 
preformulation studies are necessary to fully characterize 
molecules during the discovery and development process so 
that NCEs have the appropriate properties, and there is an un- 
derstanding of the deficiencies that must be overcome by the 
formulation process. This chapter provides guidance that will 
facilitate property-based design and the supporting preformu- 
lation studies necessary to direct formulation efforts to give 
NCEs the highest possibility of success. 

EVOLUTION OF THE DRUG DISCOVERY 
PROCESS 

The need for property-based design follows from the natural 
evolution of a research and development process that seeks to 
become more efficient. The growth and decline of markets and 
sectors is a natural process that applies to every life structure 
whether it is the universe, an individual, or a market sector. All 
have a sigmoidal curve with periods of vulnerability, growth, 
and decline. For the pharmaceutical new chemical entity (NCE) 
sector, this is shown in Figure 38-1 as NCE-1. Of course, the de- 
clining phase is of major concern and usually is seen only in ret- 
rospect. However, Charles Handy has pointed out that given 
enough foresight, organizations can renew themselves by 
changing their operational paradigm.’ Ideally, they would ini- 
tiate and build the basis for this change during the « phase 
(shown in Fig 38-1). If successful, they could then initiate the 
hypothetical second curve, labeled NCE-2 in Fig 38-1. What 
then are the causes for the aging of the NCE-1 cycle, and what 
will fuel the initiation and growth ofthe hypothetical NCE-2 cy- 
cle paradigm? The relevance of property-based design in this 
context is discussed below. 

GROWTH CYCLE DETERMINANTS 

NCE Paradigms 

The first growth epoch for the pharmaceutical development was 
driven by the application of physical-chemical principles to the 
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design of dosage forms and delivery of NCEs. Physical chem- 
istry provided scientists with a macroscopic, theoretical model, 
and as a young discipline, empirical experimentation predomi- 
nated in the industrial design of dosage forms. Moreover, dis- 
covery and development phases occurred as separate and se- 
quential phases. This was efficient and sufficient at the time, 
mainly because the targets were simpler. Evaluating the activ- 
ity of new NCEs might involve bacterial cultures or perfused 
animal tissues. Testing for pharmacological activity in whole 
animals would then follow. Compounds that had poor develop- 
ment potential like limited aqueous solubility never showed 
any in vivo pharmacodynamic activity and were never ad- 
vanced. In addition, indirect biomarkers were not needed be- 
cause the physiological impact of an NCE could be readily mea- 
sured and extrapolated from animals to humans (eg, blood 
pressure monitoring). However, new technological develop- 
ments have caused the decline of this paradigm. 

Advances in biotechnology fueled the second epoch starting 
in the 1980s because proteins could be synthesized from genetic 
information. Initially, bacteria and then mammalian cells were 
the source of these proteins. Such technology meant that these 
proteins could now be used as targets for discovery research. In- 
dividual receptors, enzymes, or transporters could now be syn- 
thesized in isolation from their parent tissue and could be used 
as surrogates for in vivo pharmacological activity. The banks of 
compounds that were accumulated during the first epoch, both 
in the academic and industrial setting, could now be screened 
for in vitro activity by high-speed robots. 

The realization that a more integrated process of discovery 
was necessary became apparent only after a painful period. 
Early in this second epoch, a lot of energy was devoted to com- 
pounds that have been coined high affinity traps.” These are com- 
pounds that have very high in vitro activity but poor aqueous sol- 
ubility. This occurred because of the needs of high throughput 
screening to automate the dispensing of compounds in a 96 well 
format. Because accurate and economical dispensing of powder 
is not possible, all reagents must be added as solutions. Liquid 
dispensing required a very general way to dissolve compounds. 
So the solution was to use small amounts of a very good, univer- 
sal solvent, DMSO, that dissolved almost all organic compounds. 
The problem was that property-based factors like solubility and 
dissolution are not accounted for. Lipinski sounded the warning 
to the industry with his rule of five (RoF).? Subsequently, devel- 
opmental scientists have put into place a number of high 
throughput physical property screens that could be used during 
the discovery phase; hence the realization of a need for property- 
based design. However, there are signs that this epoch may be 
reaching the end ofits growth phase. DiMasi® has shown that the 
NCE-1 curve in Figure 38-1 for new INDs filings reached a 
plateau during the 1980s and has declined in the 1990s. 
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Figure 38-1. Charles Handy's sigmoidal growth curve. (From Handy C. 
The Age of Paradox. Cambridge, MA: Harvard Business School, 1995: 49- 
67. Copyright © 1995 by the Harvard Business School Publishing Corpo- 
ration: all rights reserved. 

Because the biotechnology paradigm may now be reaching 
the limits ofits efficiency, it is proposed that a new paradigm (In- 
formatics) will begin to evolve, taking advantage of an increased 
molecular understanding of the crystalline state and advances 
in the computational sciences, especially machine learning. The 
« phase of Figure 38-1 may be upon us. This new paradigm, 
NCE-2, will be driven by both technological opportunities, espe- 
cially infomatics, and pharmaco-economic constraints. 

Pharmaco-Economic Constraints 

COST—1In a recent white paper by IBM consultants, it was 
pointed out that the innovative driving force for drug develop- 
ment is rapidly shifting from the manufacturers and physicians 
to consumers, which in many cases are managed care organi- 
zations (MCO). One of the most important imperatives of this 
new consumer is the control of rising health care cost. With 
their control of formularies, MCOs will exert considerable in- 
fluence in the future on the direction and limits of innovation.” 

REGULATORY AND SAFETY—At the same time, regula- 
tory agencies are requiring electronic filing requirements that 
in the short term considerably increase cost, but in the long term 
have the potential to speed review. In addition, because our un- 
derstanding of side effects has increased substantially during 
the biotechnology epoch, self-imposed industry and regulatory 
requirements for NCEs have become much more stringent. For 
example, safety screens are now available for certain types of po- 
tentially fatal arrhythmias (torsades de pointes syndrome) that 
have been found to be associated with drug binding to potassium 
channels in the heart’s conduction fibers. Chromosomal geno- 
toxicity screens are also available that can detect a drug’s inter- 
ference with normal mitotic spindle and microtubule complex 
formations, or DNA strand breakage.® All of these new insights 
increase what is expected for a new NCE before it can be intro- 
duced into the marketplace. How then can costs be reduced as 
NCE regulatory requirements increase? 

RISK MINIMIZATION—DiMasi has shown that the clini- 
cal approval rates from more recent IND filings has improved.” 
Apparently, better preclinical screening has increases the suc- 
cess rate. Since filtering out poor clinical candidates during the 
preclinical screening stage should be much cheaper than hav- 
ing clinical candidates fail, highly efficient screening should be 
justified. On the other hand, even if current preclinical screen- 
ing is efficient in increasing the clinical success rate, appar- 
ently it does not add to productivity as measured by the decline 
in IND filings in the 1990s.° The substantial improvements 
that are needed to reduce both cost and risk and to initiate the 
Informatic NCE-2 curve in Figure 38-1 will most likely need the 
simultaneous improvements of a number of infomatic-based at 
point a. 

Such improvements would include computational (a) activ- 
ity-based design, (b) safety-based design, and (c) property- 
based design. If all of these elements could be highly accurate 
and applied at very early stages of discovery, fewer resources 
would be expended on nonproductive activities. In addition, if 
the number of potential opportunities both from the number of 
targets due to genomic opportunities and from increased prop- 
erty-based design possibilities can be achieved, then higher 
productivity should result. 

Cost Reduction by Learning Before Doing 

A model for the cost saving of such a paradigm has been carried 
out in the chemical development arena, but the concepts should 
hold for the property-design area as well. Today, when discovery 
chemists find a compound that has promising activity, addi- 
tional amounts need to be made for further testing. Here the 
speed at which a chemical can be manufactured is critical. Usu- 
ally, any route that will make the compound the quickest to syn- 
thesize on a small scale is chosen. If however, the compound con- 
tinues to show potential, it has to be scaled up for even further 
testing. In his study, Pisano found that the two most important 
elements for reducing cost of manufacturing chemicals are: (a) 
the optimal synthetic route, and (b) telescoping successive unit 
operations. Ofthese two elements, finding the optimal synthetic 
route is the most important. If the company can effectively uti- 
lize its past experience to make the route determination earlier, 
then costs are reduced most effectively. Figure 38-2 shows the 
savings of this learning before doing.” One can imagine some- 
time in the not too distant future discovery chemists making de- 
cisions on which compounds to move forward based on all of the 
discovery criteria previously discussed but also on chemical syn- 
thesis scalability and optimum route design. Not only would the 
speed for making NCEs benefit, but also the long-term cost and 
efficiency of the entire chemical development organization. 

In summary, the development cost can in theory be drasti- 
cally reduced if computational design of property, activity, and 
safety can be accomplished. Such savings have the potential to 
alter the pharmaceutical industry’s focus on blockbuster NCEs 
to potentially smaller but still lucrative markets. Accomplish- 
ment of this goal would most likely initiate the NCE-2 curve of 
Figure 38-1. The biotechnology arena is a good model. In Figure 
38-1, the new biologic entities (NBEs) are seen to be growing as 
the NCEs are shown to be flat or peaked.” 

INTEGRATION OF DISCOVERY AND 
DEVELOPMENT 

As discussed, the pharmaceutical industry has evolved from a 
sequential organization where problems were passed on from 
discovery to development (epoch 1) to one in which both drug 
activity and physical properties are considered very early in 
discovery (epoch 2). The RoF was one of the early movements to 
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foster integration of discovery and development. The ideal de- 
velopment of a NCE optimizes both “property-based” as well as 
“activity”-based design simultaneously. Continued improve- 
ments in efficiency will require that organizations be ready to 
adapt to new technologies and learnings. However, potential 
roadblocks to the integration of discovery and development ef- 
forts include high throughput (HT) decision-making, attrition, 
and the management of complexity. 

HT Decision-Making 

One of the attractive concepts for improving efficiency is that of 
successive screens. Currently, they come in two flavors, in vitro 
and computational to filter out poor drug candidates so re- 
sources are not wasted on unproductive activities.” The se- 
quential paradigm 

Discovery — Development 

can now be replaced by the sequence 

Discovery [design — synthesis] — 
Selection [screen for activity — absorption — metabolism — 

toxicology | — 
Development [formulation — animal pk testing — regulated 

toxicology — IND — initial clinical trials] 

In essence, screens used in this manner are a way to simplify the 
complex process of discovering, selecting, and developing NCEs. 

As efficient and useful as successive, hierarchical high 
throughput screens (HTSs) are for simplifying decision making, 
the question should be asked, “Have HTSs increased produc- 
tivity?” As we alluded to under a previous section, productivity 
for IND filings (a measure of preclinical activity) has reached a 
plateau. This is most likely due to the use of successive filters 
in a decision-tree that then successively reduces future possi- 
bilities. If successive filters are employed, they could be priori- 
tized so that earlier filters have higher quality. This would min- 
imize the loss of potential opportunities. 

Consider a situation of form selection in which scientists are 
trying to select the best molecule for development. In this multi- 
tiered approach, decision-making follows a progression of: 

Hygroscopicity — thermal analysis & x-ray diffraction — 
accelerated solid-state stability 

One impact of such decision-trees is that hygroscopic salts would 
rarely be developed (even if they have very advantageous 
bioavailability properties). If hygroscopicity were a property that 
prevented development, then any compound with this character- 
istic would be eliminated immediately. However, it is possible, 
with a good enough reason, to work with this situation. 

Attrition 

GAINS—Property-based screens have made tremendous 
gains over the last 5 years. This is due to the design of NCEs that 
have both activity and desirable physical properties such as sol- 
ubility. These advances have been instrumental in reducing 
pharmacokinetic attrition during clinical trials.”'®'' On the 
other hand, more sophisticated technologies are needed to over- 
come low productivity problems associated with simple succes- 
sive filters. 
LOSSES—IMPACT OF FILTER IMPERFECTIONS— 

Reduced compound flow in the pipeline is a possible result of at- 
trition filters. If these filters were perfect, this would not be a 
concern. Filters, however, hold back: (a) absolute negatives, (b) 
technical negatives, and (c) false negatives. Absolute negatives 
are compounds that are incompatible with the body. Consider, 
for example an insoluble, high affinity trap compound with a 
very high melting point (>240° C). Even if a pharmaceutical 
scientist were able to successfully formulate this compound for 
an intravenous formulation, it would most likely crystallize in 
the kidney. On the other hand, suppose water solubility was 
used as a filter. A technical negative that fails for adequate 

water solubility, may still be biocompatible. A highly lipophilic 
compound with a melting point of 100° C would be a compound 
of this type. This compound may be deliverable by special for- 
mulations and has the potential to be a viable NCE from the 
property-design point of view. However, both of these com- 
pounds would be screened out if water solubility were used as 
an attrition filter. The final type of negative is a false negative 
in which the filter removes a perfectly viable compound. 

To appreciate the impact of losing good compounds as false 
negatives and formulatable technical negatives, consider the 
following situation. Three filters A, B, and C are to be used in 
succession. To calculate their impact, assume that each has the 
following characteristics. Each will pass 50% of the positives 
correctly, will block correctly the 25% absolute negatives, but 
will also block 25% of compounds that are either false or tech- 
nical negatives. For this battery of successive filters the 
throughput of positives is 12.5%. However, the correct through- 
put of positives and formulable compounds is 42%. Thus the 
pipeline possibilities were reduced unnecessarily by 236%. How 
many compounds are being filtered out that previously might 
have taken a considerable amount of time to develop but were 
developable? A key goal for property-design should be not to 
lose technical negatives that a company has the core competen- 
cies to develop rapidly. 

PROPERTY-BASED DESIGN IN LEAD 
SELECTION 

One of the keys for continuous improvement and moving into 
the Informatic a phase of Figure 38-1 is to make better use of 
existing data and to obtain higher quality data. In addition, the 
active participation of special groups that have domains of ex- 
pertise is also needed. As we have seen, simple models can pro- 
mote efficiency but more sophisticated refinements that take 
into account complexity are needed to increase productivity. 

As an example, one area of extreme complexity is under- 
standing disease. The biotechnology epoch of the 20™ century 
that focused on a single gene—single protein approach just 
doesn’t work well with multi-gene disorders such as cancer or 
Alzheimer’s disease. In order to understand the basis for hu- 
man genetic variability, the human genome project pooled and 
sequenced the genes and nucleotides of many individuals to es- 
tablish a baseline. Single nucleotide deviations from this base- 
line are termed SNPs (single nucleotide polymorphisms). Al- 
though rare diseases can occur from SNPs (eg, sickle cell 
anemia and cystic fibrosis), the most common diseases (eg, dia- 
betes and asthma) may encompass 20-50 SNPs and may in- 
volve 10 or more genes. Research efforts are now ongoing to es- 
tablish blocks of SNPs that correlate with a given disease 
predisposition. If such correlations can be found, then drugs 
can be sought to prevent disease expression. The complexity of 
this undertaking will require a much more sophisticated ap- 
proach to drug development. Understanding complexity in 
property-design will also expand possibilities. 

Ideally, a property-based design strategy would be able to 
anticipate and predict the physical properties of a proposed 
molecule from structure alone. This would be coordinated with 
activity-based and safety-based strategies so that predictions 
would be made on this triad of design characteristics. Pro- 
posed molecules could then be evaluated from structure alone 
to see if they either had (a) the requisite properties, or (b) the 
potential to be further designed to have the requisite triad of 
design characteristics: activity, solubility, and safety. For this 
latter group, knowledge of functional groups that have the 
flexibility for being modified would have to be identified so 
that further predictions could be carried out on modified 
structures for triad characteristics. Property-base possibilities 
would include compounds that had: 

a. Passive diffusion properties (solubility & membrane permeability) 
b. Crystal packing disruptive potential for passive diffusion 
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c. Special vehicle delivery potential 
d. Prodrug enhancement potential 
e. Stability enhancement potential. 

FORWARD-FOCUS VISION 

Some of the terminologies that we have inherited from crisis 
situations like attrition and triage cast images of what is to be 
avoided and what choices have to be made with limited re- 
sources. While it is necessary to recognize these areas, a focus 
on them may inhibit forward thinking and new solutions to get 
where we want to go. The ‘forward focus’ model is an alterna- 
tive way to think about producing more products that add 
shareholder value. The principles of the model are'*: 

(1) If we focus on obstacles, we expend time and energy on obstacles 
rather than on getting where we want to go. 

(2) When we clearly focus on where we want to go, we do whatever 
we need to do to get there with minimal wasted energy. 

Ironically, empirical evidence suggests that focusing on obsta- 
cles may attract what we want to avoid.'? The forward-focus vi- 
sion concentrates on the efficient utilization of resources to en- 
able more NCEs to come to market faster, and with higher 
quality. Its advantage over an attrition-focus strategy is that 
more energy is expended using existing knowledge to enlarge 
property-space possibilities and on the development of novel 
approaches. It has been said that'? “In the realm of possibility, 
we gain our knowledge by invention.” We also invent rules, but 
these must be used with caution. 

LIFECYCLE OF RULES—Rules are the compilations of 
knowledge that enable us to carry out business efficiently. Even 
the best rules, however, should be viewed in the context of a 

lifecycle. Changing circumstances or new knowledge can cause 
rules that were formulated in the past to become inappropriate. 
One of the most useful roles rules play is that they provide a 
reference for obtaining a more precise understanding of physi- 
cal phenomena. Attrition also can be thought of in terms of a 
lifecycle and be made productive. 

MAKING ATTRITION NON-PERISHABLE—While late 
clinical-stage attrition is very costly, the loss of resources in- 
volved in attrition of NCEs prior to Phase I clinical trials is even 
more costly. It is possible that more that 85% of pre-Phase I ac- 
tivity is taken up by compounds that never progress to clinical 
trials. While this is accepted as an inevitable part of the re- 
search and development process, a program for capturing the 
knowledge from all of these failed NCEs might very well en- 
hance the efficiency of property-design. 

ACCEPTANCE OF COMPLEXITY—Rules that capture 
the essence of complex phenomenon is one strategy for de- 
signing properties. Another approach is to accept that physi- 
cal systems will be complex and that computational ap- 
proaches may be needed to design systems that can accurately 
predict. Such systems can analyze more situations in more de- 
tail than an individual. One key element that enhances ac- 
ceptance of such computational approaches is that the reason- 
ing or scientific basis of the predictions be understandable. 
For continuous progress, phenomena need to be understood at 
the molecular level. 

MOLECULAR PRINCIPLES 

Grasping the structure of a subject is understanding it in a way 
that permits many other things to be related to it meaningfully. 
To learn structure, in short, is to learn how things are related."* 

Insight that will lead to improved property-based design will 
result from using a variety of molecular tools that will give sci- 
entists an understanding of the precise interactions that occur 
between molecules, whether they be interactions between 
molecules among themselves or between molecules with biolog- 
ical systems. The two types of molecular interactions that we 

will be focusing on in this section deal with interactions in (1) 
crystals and (2) membranes. 

Crystalline interactions are of interest because they ulti- 
mately determine solubility, melting point, and dissolution of 
NCEs. If we can gain a molecular understanding of the inter- 
molecular interactions that occur between the molecules in a 
crystal, then we can gain insight into how we can predict and 
design molecules that have the properties we desire from struec- 
ture alone. This is the ultimate goal of property-based design. 
For simple crystals, containing only the same molecules (no sol- 
vents or salt counterions), we will use the term cohesive to char- 

acterize the type of intermolecular interactions of the same 
type of molecule. 

Membrane interactions between an NCE and a biological 
membrane will be termed adhesive, because they are between 

different types of molecules. Adhesive interactions are those 
types of interactions that also occur between solvent molecules 
and the NCE when it is dissolved in the aqueous environment of 
the digestive tract. Solvent-solute interactions control the famil- 
iar like- dissolves-like concept. For example, lipid molecules dis- 
solve in oil more than they do in water. We refer the reader to the 
work of Abraham'® for extensive research into the solvation phe- 
nomena. In this discussion of molecular property-based design, 
we will begin to examine the types of cohesive interactions that 
can occur in a crystal which impact its solubility (or insolubility). 

Crystalline Interactions 

Molecules in a crystal organize themselves in a limited number 
of regular arrays, which are termed space groups. There are 
230 possible crystalline space groups; however, because phar- 
maceutical molecules are complex and in general not symmet- 
ric, the number of actual space groups for drug-like molecules 
is only about 3. These are shown in Table 38-1. The impact of 
regular ordering of molecules in a crystal is that, for a given 
space group, rules can be stated that allow the entire crystal to 
be replicated through a sequential series of translation, reflec- 
tion, inversion, and other analytical geometric operations. For 
example, the operation for the very common space group for 
drug-like molecules, P21/c, is shown in Figure 38-3. The funda- 
mental unit that is replicated is the unit cell. This is obtained 
from single crystal x-ray diffraction evaluations of the NCE. 
This unit cell (sometimes termed the asymmetric unit) has in- 
formation regarding the number of molecules in the asymmet- 
ric unit and the dimension and angles of the unit cell. 

Ultimately, it is the molecular structure of the molecule that 
determines the space group and the number of molecules in the 
unit cell of a particular crystal. However, for a given molecule, 
the crystals that can form are not unique. Because molecules 
can assume different conformations, and because a variety of 
crystallization conditions can influence the crystal that forms, 
a variety of different polymorphic forms are possible (this will 
be discussed in detail in later sections). Polymorphic forms may 
have different physical properties, especially dissolution char- 
acteristics that could impact bioavailability and very often 
these different forms can interconvert. One objective of active 
pharmaceutical ingredient (API) design is to find the most sta- 
ble crystalline form so that polymorphic changes do not occur 
once an NCE is formulated into a dosage form. It is the packing 
of the atoms in a given crystal that will be considered next and 
the forces that lead to insolubility. 

CRYSTAL PACKING 

Crystal packing is dominated by two opposing phenomena: (1) 
maximizing the number of hydrogen bonds (H-bonds) that can 
be formed for a given molecular structure, and (2) packing the 
atoms of the crystal as densely as possible (ie, close packing). 
Ultimately, molecular shape and the distribution of the H-bond 
donor and acceptor groups in a given molecule determine the 
most favored polymorphic form chosen by nature. 
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Table 38-1. Possible 3-Dimensional Crystalline Space Groups 
  

  

  

NUMBER OF ORGANIC 
CRYSTAL INDEPENDENT MATHEMATICAL CRYSTAL 
SYSTEM PARAMETERS PARAMETERS ABUNDANCE ABUNDANCE 

Triclinic 6 a#b#¢ 2 High 
aF B#y ? 

Monoclinic 4 azb#c 13 High 
a=vy >90 P2,/c 

Orthorhombic 3 a#b#c 59 Very Low 
a=B=vy=90 P2,2,2, 

Tetragonal 2 =b=c¢ 68 ~0 
a=B=v=90 

Trigonal 2 a=b=g 6 ~0 
rhombohedra a= =v#90 

Trigonal 2 a=b=g¢ 19 ~0 
hexagonal a= =290; 

vy=120 
Hexagonal 2 a=b=g 27 ~0 

a= =90; 
vy=120 

Cubic 1 a=b=g 36 ~0 
a=B=v=90 

  

H-bonds are non-covalent interactions that can occur within 
a given molecule (intramolecular) and between different 
molecules (intermolecular). Essentially they are electrostatic in 
nature and as such are long-ranging forces (force varies as 1/r?). 
Weak H-bonds usually have a higher multiplicity of interac- 
tions than strong H-bonds because they are more flexible, as il- 
lustrated Table 38-2. Intramolecular H-bonds form when the 
atoms in the molecule can be arranged such that a ring of cova- 
lently linked atoms (usually 6) is closed with 1 or more H-bond 
(Fig 38-4A). Intermolecular H-bonds form between different 
molecules of a crystal (Fig 38-4B-E). 

High affinity traps with their associated insolubility and high 
melting points can be attributed to H-bonding networks and/or 
close packing. As a general rule, H-bonding network insolubility 
is associated with the number of H-bonds per molecule as well as 
the number of H-bond between molecules in a crystal. In Table 
38-3, pairs of molecules are shown that have the same water sol- 
ubilizing groups but differ in their H-bonding motifs. Figures 38- 
4B and C show molecules that form a dimer and a single chain, 
respectively. Each has 2 H-bonds per molecule but differ in the 
number of H-bonding neighbors. Similarly, Figures 38-4D and E 
show molecules that form single and double H-bonding chains, 
respectively. In this case, each molecule has the same number of 
H-bonding neighbors, but has a different number of H-bonds per 
molecule. For both pairs, Table 38-3 shows that increasing ei- 
ther the number of H-bonding neighbors or the number of H- 
bond per molecules reduces the effectiveness of the water-solu- 

3-Dimensional unit cell C 

Z 

  

  

3 Center of Inversion, 1 Screw Axis, 2, 

(a) P1space group (b) P 21/c space group 

Figure 38-3. Repeat mechanism (space group rules). 

bilizing group. The negative influence of close packing on physi- 
cal properties is most likely due to the introduction of van der 
Waals dispersion forces that vary as /r®. Zwitterion formation, 
conformationally restricted molecules, or high packing density 
molecules have the highest intrinsic insolubility potential. 

Membrane Interactions and Permeability 

THEORIES OF PASSIVE PERMEABILITY 

The water of desolvation hypothesis, explored extensively by 
Burton and co-workers'®!” states that the major barrier for 
passive permeability NCEs across cell membranes is the en- 
ergy needed to remove bound water from the molecule so it can 
enter the hydrophobic portion of the lipid bilayer. Although 
both hydrophobic and hydrophilic NCEs would have some 
bound water associated with them in solution, the adhesive H- 
bonding between water and the polar groups of hydrophilic 
NCEs group would be much stronger and thus need to be bro- 
ken before transport can take place. Strong supporting evi- 
dence for this concept has been found using the peptide bond as 
the polar moiety and has led to an experimental partitioning 
system, Pheptancethylene glycols that appears to be more predictive 

of permeability than the widely accepted octanol/water parti- 
tion coefficient. '® 

The molecular rigidity hypothesis posits that molecular 
weight itself is not a sufficient condition to impart reduced 
membrane permeability but may itself be a factor that is corre- 
lated with the number of rotatable bonds and polar surface 

Table 38-2. Comparison of Hydrogen 
  

  

  

BOND CHARACTERISTICS 

WEAK STRONG 

Bond Character Electrostatic Covalent 
Broad Narrow 

Bond Length 1.5A-3A 12A15A 
Directionality 160° = 20° ~ 180° 
Multiplicity 2,3,4 Centered 2 Centered 

A A 
XH — A XH XH A 

A A 
2 Centered 3 Centered 4 Centered 
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area. If these two latter parameters are below certain values, 
then compounds that are sufficiently rigid and non-polar may 
be absorbed independent of molecular weight.'® Some factors 
that can impart rigidity besides fused-ring systems are 
molecules that have intramolecular H-bonds that form a ring or 
cyclic peptides. 

THEORIES OF ACTIVE PERMEABILITY 

NUTRIENT UPTAKE MECHANISMS—The passive per- 
meability limitations discussed above for polar or ionized 
molecules do not hold for a number of nutrients. Special site- 
specific transporter proteins are present in membranes that are 
used to bypass the lipophilic barrier of bilayer membranes.'? 
Among these are transporters for peptides, amino acids, nucle- 
oside and nucleobase, ascorbate, and a few other molecules 

such as glucose and urea. Application of the PEPT1 transporter 
to prodrug delivery will be discussed below. 

XENOBIOTIC EFFLUX MECHANISMS—Membrane 
transporters belong to one the largest classes of proteins, termed 
ABC (ATP binding cassette) proteins that can transport against 
the concentration gradient of the substrate. The characteristics 
of these membrane proteins are: (a) 2 transmembrane domains 
[regions of the protein embedded in the membrane], and (b) 2 
ABC units [which bind ATP].?° Defects in ABC proteins are the 
cause of many human inherited diseases. In most studies, ABC 
proteins are the multidrug resistance proteins (MDR) that re- 
move therapeutic agents from cells by an active efflux. 

MDRI1 (or Pgpl) is one of the most extensively studied ABC 
proteins. Its normal function is believed to protect cells and or- 
ganisms from toxic substances.?! There are 7 identified pro- 
teins that have been placed in the MDR family, all are organic 
anion transporters. MDR1, MDR2, and MDR3 have all been as- 
sociated with multi-drug resistance. 

PASSIVE-DIFFUSION DESIGN 

One way to reduce conformational restriction is to open up a 
restricting ring. Alternatively, Figures 38-4 A, D & E discussed 
in a previous section shows that the substitution of a t-butyl 
group for a phenyl group dramatically increased solubility by 
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breaking up H-bonding so that each molecule only had 2 rather 
than 4 H-bonds per molecule. This was due to the bulkiness of 
the t-butyl group that prevented dimer formation. 

PRODRUG DESIGN 

Often NCEs have adequate biological activity but do not have 
the required physical properties to become a drug. For orally 
administered drugs, the compound needs to dissolve in the gas- 
trointestinal tract and be absorbed by the intestinal mem- 
branes; for intravenous drugs, the compound must have ade- 
quate solubility in its dosing vehicle and in the blood so it can 
be delivered safely without causing embolisms. Prodrugs are 
one way to solve a number of safety and property-design prob- 
lems and should be considered early in the design phase. Pro- 
drugs are inactive analogs of biologically active compounds that 
can be converted into active compounds by the body’s chemical 
processes. They are designed to have the critical properties that 
the parent compound lacks. Poor membrane permeability, poor 
solubility, and poor dissolution are problem areas that may be 
addressed by prodrugs. All three of these areas impact the pas- 
sive absorption of drugs. Prodrug design has also been used to 
reduce toxicity. 

Poor Membrane Permeability 

One of the major roles of the outer limiting membranes of cells 
is to isolate it from its surroundings. Three factors that inhibit 
the passage of a drug molecule through biological membranes 
are: (a) charge, (b) water of hydration, and (c) molecular size. 
The importance of charge is related not only to the hydropho- 
bic environment of the bilayers but also to the asymmetry of 
plasma membranes. Because these membranes are composed 
of two layers of phospholipids (a bilayer), the radius of curva- 
ture of micron-sized cells requires that phospholipids with 
small head groups be located in the inner leaflet of the bilayer 
to prevent excessive tension on the membrane.” The anionic 
phospholipid, phosphatidylserine (PS), resides almost exclu- 
sively in the inner leaflet due to an active process.?” This neg- 
atively charged inner leaflet of the plasma membrane has 
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Figure 38-4. Examples of intra- and intermolecular hydrogen bonding. 
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Figure 38-4. Continued. 

Table 38-3. 

SOLUBILITY pg/mL NETWORK # H-BOND #H-BONDED 
pH 1 56 7.3 13 TYPE /MOLECULE NEIGHBORS 

B 17600 8 Island 2 1 
C 14 0.05 S | Chain 2 2 
D 1700 610 25 sal Chain 2 2 
E 16 10 6 Dbl. Chain 4 2 
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Figure 38-5. PepT1 cattle-gate mechanism. 

been shown to control the tissue distribution of basic cationic 
drugs? and the permeability of the anthracycline base, dox- 
orubicin, in a biphasic manner.” One might expect this inner 
leaflet would impact the absorption of anionic drugs. To cir- 
cumvent these barriers to ionized and polar nutrients like 
peptides, amino acids, and nucleoside bases, cells developed a 
number of special transport proteins. Prodrug efforts are now 
ongoing to exploit these membrane transporters to enhance 
drug absorption.*® 

Use of Membrane Transporter Systems 

Recently, some of the structural requirements of the plasma 
membrane peptide transporter, PEPT1, have been eluci- 
dated.?”* The binding requirements and the cattle-gate mech- 
anism for PEPT1 are shown in Figure 38-5. Among the number 
of drugs reported to be transported by PEPT1 are ACE in- 
hibitors (captopril, enalapril, lisinopril), penicillin, and 
cephalosporins (ceftibuten, cefadroxil). The advantage of this 
transporter is its high capacity (grams/meal). Successful pro- 
drug strategies utilizing PEPT1 have been reported. The an- 
tiviral agent, Valtrex (valcyclovir-GlaxoSmithKline) is a pro- 
drug of Zovirax (acyclovir). It has recently been observed that 
the H-bonding of the guanidine moiety of L-valaciclovir may en- 
hance its PEPT1absorption.*” 

Reducing Ionization 

Most Factor Xa inhibitors for preventing the activation of 
thrombin and blood clots have utilized a highly charged group, 
either a guanidine or an amidine group. These groups, however, 
limit the bioavailability of these compounds when used orally. 
One strategy to overcome this problem is to synthesize a pro- 
drug which has a reduced charge for oral absorption but which 
can be converted in the systemic system to the active charged 
compound. Scientists at Millennium have recently designed a 
Factor Xa inhibitor that utilizes amidoximes as prodrugs for 
amindines.?’ These prodrugs showed good bioavailability but 
the conversion to the amidine was only 20%. Although the ami- 
doxime prodrug approach apparently has been successful in 
masking charge for other chemical entities, in this situation, 
steric factors evidently retarded activation in vivo. This raises 
another concern with prodrugs: the potential toxicity of the in- 
tact prodrug moiety. 

The pentamidines are very effective antimicrobial agents 
against a variety of pathogens and have been used to treat 
malaria and leishmaniasis. However, their use has been limited 
to systemic injections since a doubly charged drug is poorly ab- 
sorbed. Exploration of amidoximes as prodrugs for amidines®” 
has led to a new agent, DB 289, that has excellent bioavailabil- 
ity and is currently undergoing phase II clinical trials to treat 
Pneumocystis carinii, a fungal infection in infants that have im- 
mune deficiencies and in AIDS patients.?® Studies with Caco-2 
cell monolayers indicate that the greater permeability of the 
prodrug is due to its ability to transport passively across cell 
membranes by the transcellular route compared to the pericel- 
lular route of the parent compound. 

Reducing Water of Hydration 

In a previous section, the desolvation hypothesis was discussed 
in which the impact of strong H-bonds between NCE polar 
groups and water provides barriers for absorption (due to the 
need to remove this water before traversing the hydrophobic 
environment of bilayer acyl chains). Using prodrug strategies 
to make polar groups more lipophilic is one method to increase 
permeability and this has been accomplished for peptides by 
designing cyclic compounds that encourage intramolecular H- 
bonding and thus reduce water of hydration, make a more com- 
pact, rigid molecule, and minimize adhesive interactions with 
the membrane phospholipid head group.** 

Size of Molecule 

Although molecular weight has always been considered an im- 
portant determinant of permeability, questions have recently 
arisen regarding the exact molecular property that determines 
a reduction of permeability with increasing molecular size as 
discussed in a previous section. We have discussed the hypoth- 
esis that increased molecular rigidity and a reduced polar sur- 
face area may enhance permeability. Results with cyclic pep- 
tides would seem to be consistent with this hypothesis as the 
Type I B-turn both reduces the polar surface area and enhances 
molecular rigidity. In addition, a molecule with more confor- 
mational flexibility would appear to present a larger size entity 
to the membrane. 

POOR SOLUBILITY 

Using prodrugs for solubility enhancement can take at least 
two different pathways: (a) increasing water solubility, and (b) 
disrupting crystal packing. The latter application has as much 
promise as the first, yet it is less obvious. The reader is referred 
to the previous discussion on crystal packing. Enhancing ion- 
ization with phosphate moieties has been used for both intra- 
venous and oral applications. The intravenous is the earlier. 

INCREASING IONIZATION—Fosphenytoin (Cerebyx- 
Pfizer) is an injectable, phosphate prodrug of phenytoin (Di- 
lantin- Pfizer) for the treatment of epilepsy that is freely 
soluble and rapidly cleaved to phenytoin after injection (half- 
life 8-15 min). The aqueous solubility of the parent drug is 
20-25p.g/ml while the solubility of the prodrug is significantly 
greater (approximately 88,000p.g/ml). Local toxicity (pain, 
burning, itching) that is associated with phenytoin adminis- 
tration due to its high pH formulation is greatly reduced since 
the more highly soluble prodrug can be formulated at physio- 
logical pHs.” 

DISRUPTING CRYSTAL PACKING—Parecoxib sodium 
(Pharmacia) is a good example of using prodrugs to disrupt H- 
bonding and crystal packing as well as increasing pK, to en- 
hance solubility. For post-surgical pain management, a com- 
pound must not only be effective and have few side effects, but 
it must also be formulated so that a minimal injection volume 
is administered. Although valdecoxib (Pharmacia) possessed 
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Parent: Valedcoxib 

Solubility = 9 ng/mL 

Prodrug: Parecoxib 

Solubility = 44 ng/mL 

Figure 38-6. Prodrug of valdecoxib increases solubility by decreasing 
H-bonding. 

the required potency and safety profile, its solubility was in- 
sufficient for this application. Increased water solubility was 
imparted to the prodrug, parecoxib, by making a prodrug of 
valdecoxib (Fig 38-6).%¢" 

POOR DISSOLUTION 

Prodrugs may be used to improve dissolution properties. For 
example, Fosamprevavir (Vertex - GlaxoSmithKline) is an oral 
prodrug of Amprenavir (Agenerase - Vertex - GlaxoSmithKline), 
an anti-viral for HIV infections. Although agenerase is ap- 
proved for HIV treatment, its poor water solubility necessitated 
that the drug be formulated with large amounts of excipients 
for optimal dissolution and bioavailability. Typical clinical 
dosage routines included dosing at 1200 mg (8 capsules) twice 
or three times a day when plasma concentrations fell below 
therapeutic levels. The large number of capsules and the food 
and water restrictions associated with administration of this 
drug provide barriers to patient adherence with the prescribed 
therapeutic regimen. By synthesizing the highly soluble phos- 
phate prodrug, fosamprevavir, it is anticipated that adequate 
drug levels can be achieved with out food or water restriction at 
2-700 mg tablets twice daily.”® Currently, fosamprevavir is 
completing Phase III clinical trials. 

TOXICITY REDUCTION 

Xeloda (capecitabine - Roche) is a prodrug of the anti- 
cancer drug 5FU.* The parent compound has a number of dose- 
limiting side effects including: myelo-suppression, intestinal 
toxicity, and reduction in bone marrow function. Capecitabine 
reduces the intensity of these side effects by utilizing intestinal, 
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liver and tumor enzymes to generate 5FU in the tumor cell. 
Camptosar (irinotecan HCI - Pharmacia) is a second line agent 
for advanced colorectal cancer. It is a prodrug of the natural al- 
kaloid camptothecin” that is activated by carboxylesterase-2 
when it occurs in the tumors. This prodrug greatly increases 
the solubility of camptothecin. 

Taxol’s (paclitaxel - Bristol-Myers Squibb) low aqueous solu- 
bility has necessitated that its intravenous formulation include 
Cremophor EL which has serious side effects. Recently, a pro- 
drug, paclitaxel oleate, has been shown to not only be activated 
in vitro and in rabbits, but also has been shown to have phar- 
macokinetic parameters superior to paclitaxel.*! This raises 
the possibility of using the most widely prescribed anti-cancer 
agent with much greater safety. In addition, Merck scientists 
have shown that prostate specific antigen (PSA), a serine pro- 
tease with chymotrypsin-like activities enzyme, can be used to 
convert the inactive prodrugs of doxorubicin®® and vinblac- 
tine*® into the active agent within the tumor thereby reducing 
side effect of the parent drugs. 

In summary, Figure 38-7 shows three types of drug possibil- 
ity spaces for property-design. The first, at the bottom of the tri- 
angle, shows the traditional drug space for compounds that 
have adequate physical chemical properties and have been 
found by traditional discovery techniques. The second possibil- 
ity space is shown in the middle section of the triangle. This 
space requires more active participation by the property de- 
signer to utilize all available tools when physical chemical prob- 
lems arise. The techniques listed here for simplicity include 
special delivery systems (SDS) such as self-emulsifying drug 
delivery systems, prodrugs to break up crystal packing or to 
add water solubilizing or lipophilic groups, SDS for lipophilic 
prodrugs, and crystal packing disruptions designed to reduce 
H-bonding interactions and dense crystal packing. Technology 
will produce even more options for the future. Finally, there is 
the physiologically negative drug space or the region of high- 
affinity traps. These molecules usually have extremely high in 
vitro activity, but have been so over-designed for activity that 
they suffer from poor physical chemical properties. Sometimes 
these molecules can be delivered to the systemic system with 
clever formulations or drug delivery systems, but their poor 
physical properties ultimately reveal themselves when they 
crystallize out in the renal tubules of the kidney when solubi- 
lizing factors have diffused away from the drug molecules. The 
ability to anticipate the second possibility space and to avoid 
the negative-property space at the top of the triangle is a wor- 
thy goal for property-based design. This is the subject of the 
next section. 

MACHINE LEARNING SYSTEMS 

Artificial intelligence (AI) is a computational algorithm that 
would be called intelligent if a human exhibited it. One of Al's 
theses is that computers can simulate any effective procedure. 

General Characteristics 

® High mp, High crystal energy 

® Lipophilic or Less H-bonding 

® Less dense packing & Less H-bonding 

® Higher Aq. Sol. or Less H-bonding 

® Lipophilic or Moderate H-bonding     
® General Rule of 5 compliance 

  

Figure 38-7. Possible and physiological-negative drug spaces. See Color Plate 5. 

   



  

  

CHAPTER 38: PROPERTY-BASED DRUG DESIGN AND PREFORMULATION 729 

As John von Neumann once said: “Tell me what a machine can- 
not do, and I will always be able to make a machine that can do 
it!” Opponents of Al once defined intelligence as learning. Ma- 
chine learning is Al's response to that challenge. In the follow- 
ing sections, machine will be used synonymously with a com- 
putational algorithm. 

Machine learning is an area of Al that develops techniques 
that allow computers to, in some sense, “learn.” If the pharma- 
ceutical industry is to become more efficient and reduce cost, it 
must learn more efficiently. Since 90-95 % of the resources that 
are expended on NCE development are spent on compounds 
that will never advance, learning from this experience is an im- 
perative. Machine learning may be the way the industry can re- 
duce cost by learning before doing as we have shown in Figure 
38-2. Activity-based design utilizing rapid machine learning 
techniques would efficiently use the results of high throughput 
screening to develop highly accurate pharmacophores. In addi- 
tion, in silico activity screening and chemical route design tech- 
nology would generate structures that are synthesizable, scal- 
able, and match different aspects of these pharmacophores. 
Safety-based machines would accurately predict different fea- 
tures such as mutagenicity, clastogenicity, or QT-interval pro- 
longation. And finally, property-based machines would be used 
to ensure that the design of such structures had the requisite 
physical properties so that traditional or specialized drug de- 
livery could be accomplished. All of these activities would be 
carried out before a single molecule was synthesized. The im- 
pact on cost reduction of such a learning-before-doing paradigm 
also opens up new markets for NCEs. 

Supervised learning is the most prevalent form of machine 
learning that is currently practiced. Because data in machine 
learning are termed examples, supervised machine learning is 
termed learning by example. In this type of learning, examples 
are presented to the machine, and after learning takes place, 
the machine is tested to see how well it can predict unseen ex- 
amples. Just how accurately the machine can predict unlearned 
examples is termed the machine’s generalizability. Example 
sets are usually subdivided into training and test sets to carry 
out the operations stated above. In general, the quality of a ma- 
chine’s future generalizability is highly dependent on how rep- 
resentative the training example set is of examples that are to 
be predicted in the future. 

There are two main types of applications for machine learn- 
ing, regression and classification. In regression, the goal is to 
predict an exact value of a physical property such as solubility 
or melting point. For classification, the training set is composed 
of both positive and negative examples. After training, the ma- 
chine is asked to correctly separate unseen examples. Classifi- 
cation applications for machine learning are generally binary 
classification i.e. yes/no answers. For example, in the bioinfo- 
matics area, classification is used to predict whether a particu- 
lar gene codes for a particular protein. 

Unsupervised learning deals with learning the structure or 
topology of knowledge. Learning that fails to have an ability to 
grasp the general principles or the structure of a discipline will 
fall short of learning how things are related and how new infor- 
mation can be related in the future.** Learning ‘without a teacher’ 
is learning that adapts its behavior without being told (super- 
vised learning) the appropriateness (reinforced learning) ofan ob- 
servation. However, by grasping the topology of the subject area, 
the learning machine will be more able to respond in an improved 
way in the future. Knowledge discovery and data mining are ar- 
eas where this type of learning has immediate applications. 

One of the major concerns in the machine learning commu- 
nity is the opaqueness of some of the algorithms. Humans, and 
especially physicians, distrust ‘black boxes’ even if they can be 
shown to be highly accurate. This concern has lead to new ma- 
chines that are much more transparent in their reasoning. This 
leads to exciting collaborations between machines and domain 
experts, humans that are highly specialized in certain technical 
areas. Expert systems are non-learning computing systems in 
which the knowledge of the human domain expert is captured 

and stored as a set of rules in a knowledge base. A generic in- 
ference engine connects the user with the knowledge base so 
that the machine expert can respond to queries from the user. 
Machine learning systems, in distinction to expert systems, 
learn rules from data alone. This is potentially much more pow- 
erful since machines can examine data in larger quantities and 
more consistently than humans. If this process is transparent 
to humans, it provides a synergistic situation in which the do- 
main expert and the machine can collaborate in solving new 
problems. 

Property-design is based on the premise that all of the in- 
formation that is needed to predict physical properties is con- 
tained in the molecular structure of the molecule alone. This 
means that the dependent variable (a physical property like 
solubility) must be computed from factors (independent vari- 
ables) that are determined from the molecular structure only. 
The machine learning terminology for these independent vari- 
ables is features; the molecular modeling term for these vari- 
ables is molecular descriptors. There are many computational 
programs that can generate molecular features and a number 
of strategies for feature selection. The danger, however, is that 
users get caught up in ‘group think’ and become so dependent 
on software programs that innovative thinking is inhibited. 

Several mathematical issues are associated with the algo- 
rithms of machine learning. The first is the functional relation- 
ship of the physical property with features. Linear relationships 
are the simplest type of functional dependence. The advantage 
of linear regression analysis is that humans can easily see and 
understand the relationships between what is being predicted 
and the features that are being used to predict (transparency). 
Visual inspection can be used to assess the quality of the pre- 
diction. Assuming that there is a linear dependence is both a 
strength and weakness of this type of analysis. On the one hand, 
linear system analysis is amenable to many different mathe- 
matical analytical methodologies, and, fortunately, many non- 
linear systems are linear over a narrow range of feature values. 
On the other hand, because most physical systems are non-lin- 
ear over wider ranges, linear dependencies are accurate locally 
but often do not project to the same accuracy over wider ranges 
(ie, globally). Neural networks made the next advance in mak- 
ing predictions. They address the non-linear issue. 

Artificial neural networks (ANN) are mathematical abstrac- 

tions of a simple animal reasoning systems. These systems uti- 
lize a non-linear function, usually the hyperbolic tanh function, 
to model the relationship between the input features with re- 
spect to the output physical property. During the learning 
phase of ANNs, feature selection takes place on the training ex- 
amples. Learning is a supervised reinforcement that focuses on 
minimizing error in the training set (empirical risk minimiza- 
tion). The features that have the strongest relationships to the 
dependent property are selected while taking into account mul- 
tiple feature interactions. This learning process is often tedious 
and requires experienced personnel. More over, the complexity 
of the interactions or the dependence of the dependent property 
on the input features is hidden, i.e. the reasoning is opaque. An- 
other issue with ANNs is that they are subject to over fitting. 
This is a phenomenon in which the ANN model is refined to 
such a degree that the training examples are very highly corre- 
lated to the dependent property but the model as a whole has 
very poor generalalizability. This is a result of learning being 
dependent on empirical risk minimization. Skilled usage of 
ANNs, however, can give us some of the most accurate machine 
learning predictions we have at the current time. In addition, 
one of the shortcomings of ANNs, a lack of memory, appears to 
have been addressed. ASNNs were designed with this defect in 
mind. 

Associate neural networks (ASNN) address the issue of 
training set dependence and knowledge update*®*® by combin- 
ing ANN and K-nearest neighbor technology. With such ma- 
chine learning technology, extensive and laborious training 
is carried out to generate ensembles of ANNs. The machine 
has the ability to determine the most appropriate ANN for a 
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particular compound so that it can obtain the advantage of 
higher local accuracy while having a global span. In addition, it 
has the ability to learn new examples on-the-fly. This means 
that extensive training can be carried out on public databases 
while updating with respect to proprietary data is possible on 
an ongoing basis. Recent implementation of an ASNN for cal- 
culated LogP has shown 2-5-fold improvements using addi- 
tional proprietary examples.*” ASNNs partially address the lo- 
cal/global issue, but still suffer from being opaque. A newer 
machine learning paradigm has been introduced that ad- 
dresses both of these issues, support vector machines (SVM). 

SVMs are statistically constrained machines that were intro- 
duced in 1982 to explicitly address generalizability, local / global, 
and linear /non-linear issues.*®** In addition, some SVMs are 
very transparent and are very efficient in feature selection.™ 
SVMs use mathematical functions, called kernels, that have a 
very special property: they can act as mediators that allow non- 
linear data to be processed by linear algorithms. Their major 
strength is that they promote generalizability explicitly. In addi- 
tion, SVMs are designed so that they converge on global optima 
only. They have been shown to give classification results superior 
to ANNs in the bioinfomatics area and some have regression ca- 
pabilities. These machines use dual optimization routines that 
promote generalizability, global, non-linear, and feature efficient 
predictions, and are just being introduced into the chemoinfo- 
matic arena.”’ In general, however, they are opaque techniques 
that require skill in parameter selection. One machine learning 
technique, however, excels in its transparency, inductive logic 
programming (ILP). 

ACTIVE PHARMACEUTICAL INGREDIENT- 
BASED DESIGN AND PREFORMULATION 

Once a NCE is selected for development, choosing the molecular 
form that will be the active pharmaceutical ingredient (API) is a 
critical milestone because all subsequent development will be af- 
fected by this decision. For preformulation, physical characteri- 
zations should be focused on making decisions that balance solid- 
state dissolution properties with material consistency under 
manufacturing and storage conditions. The advantages of having 
arapidly dissolving amorphous state have to be balanced against 
the potential conversion of this state by time, moisture, and heat 
to a crystalline state that can be less soluble. Similarly, the in- 
creased solubility that often can occur with hydrochloride and 
sodium salts may have to be balanced with a potential for phys- 
ical or chemical instability due to moisture and heat. These salts 
are attractive because they are simple to make and are relatively 
nontoxic. The salt selection process must project its considera- 
tions of the “best” properties to encompass dissolution, physical 
and chemical stability, toxicology, market-image formulations, 
large scale manufacturing, and product storage. 

The following section will outline solid-state changes that 
might occur with varying moisture content, pH, and tempera- 
ture. It will be illustrated that water (moisture) is one of the 
most important environmental factors that influences solid- 
state stability. The discussion will then focus on identifying the 
solid-state properties of an NCE that will make it a viable API. 
Ultimately, the best balance between absorption and material 
consistency is sought. Later, the discussion of engineering the 
solid state will explore why these requisite properties should be 
designed into NCEs from the earliest stages of discovery. 

CHALLENGES TO THE SOLID STATE 

Solids are a complex state of matter because intermolecular 
forces can arrange the molecules in a variety of different ways, 
each producing a different solid with potentially different phys- 
ical properties. In this section, a symbolic nomenclature is in- 
troduced to specifically address changes that can occur in the 
solid state (Table 38-4). Application of this notation to the ef- 

Table 38-4. List of Symbols 
  

  SYMBOL MEANING 

a Amorphous solid state as left subscript designation 
b> Surface of solid state as right subscript designation 
Bb) Defective region of solid state as left subscript 

designation 
p Density 
1,10, 1 Crystalline polymorphic forms of the solid state as left 

subscript designation 
+ Positively charged, cationic species as superscript 

designation 
- Negatively charged, anionic species as superscript 

designation 
0 Uncharged, free species as superscript designation 
A Active ingredient in the solid state 
a Dissolved form of the active ingredient 
JAS Surface of active ingredient of charge i and solid state j 
B Reactant of A in the solid state 
b Dissolved form of reactant 
Cs Saturation concentration 
h Monohydrate as left subscript designation 
0h Anhydrous as left subscript designation 
nh n-Hydrate as left subscript designation 
<h Reduced water content as left subscript designation 
>h Increased water content as left subscript designation 
m Mass 
An Negatively charged anionic counterion 
i Charge on the active ingredient as superscript 

designation 
Jj Solid state form of the active ingredient as left subscript 

designation 
ka Dissolution rate constant 
ke Recrystallization rate constant 
P Permeability 
Cn’ Positively charged cationic counterion 
Ss Surface area 
  

fects of moisture, the major environmental factor influencing 
the solid state, will then be examined. 

SOLID-STATE CHARACTER 

In this chapter, ; Ax ! is a notation that will be used to indicate 

solid-state changes. The A denotes the active drug entity. This 
may be a weak acid, a weak base, or a nonelectrolyte. When A 
dissolves, a denotes the presence of this entity in solution; thus, 
dissolution of the solid A in water to form a will be shown 
schematically as 

A250 1) 

The charge of A is denoted by the usual placement of a right su- 
perscript, i. The charge of A is assumed to be zero by default. 
For emphasis, a lack of charge may be shown explicitly as A°. 
For a weak acid, A” represents the protonated form (in other no- 
tations this might be shown as HA). The ionized form of the 
weak acid, A-, represents A” minus the weak acid proton. For 
a weak base, A” denotes the uncharged base that can be proto- 
nated to A"H*. Equations with A, shown with arrows, are not 
stoichiometric. Instead, they only show essential changes, so 
the focus can be placed on the relevant chemical, ionic, and 

solid-state alterations in the chemical entity. For example, in 
Equation 2, in which a chemical reaction changes the parent 
entity A into a different molecular solid B, 

A—B (2) 

there is no attempt to show the specific details of the func- 
tional groups that were changed to bring about the formation 
of B. In a similar manner, consider a reversible acid-base re- 
action 

A—A (3) 
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where i as a plus sign (+) represents the cationic form, or a mi- 
nus sign (—) the anionic form, of A. The protonation or deproto- 
nation of a weak basic or acidic group on A will simply be re- 
flected in the charge change that occurs. The scheme is 
nonstoichiometric because counter ions and charge-balance 
considerations have not been included. 

When a particular molecular organization or emphasis of 
the solid state is needed, it will be denoted with the left sub- 
script j. A wide variety of different solid states, denoted by ;A, 
are possible. For example, amorphous solids that have ran- 
domly packed molecules are denoted as ,A in this chapter. 
Crystalline solids, on the other hand, have regular packing ar- 
rangements and are denoted in a number of ways. Two types of 
crystalline phases, polymorphs and solvates, are possible for a 
given molecule depending on the crystallization conditions. 

Polymorphs are crystals that have the same molecule for- 
mula but have different crystal structures. The Roman numer- 
als I, II, III, . . . are used to denote polymorphs; the most stable 
polymorph under ambient conditions is usually designated 
with Roman numeral I. This solid-state form of A will be de- 
noted as | A in this chapter. 

Solvates, on the other hand, are crystals in which a solvent 
is incorporated into the crystal structure (polymorphs of sol- 
vates could exist). The solvent may be highly bound in the crys- 
tal or it may be more loosely bound in channels within the crys- 
tal. To simplify this discussion, only water of solvation will be 
considered. Hydrated solids are denoted by ,nA, where n is a 
fraction or an integer. For example, ;»A denotes a hemihydrate 
while 35, A denotes a trihydrate. 

In some situations, it will be useful to emphasize that a par- 
ticular chemical reaction or physical change is occurring on the 
surface of a particle. For these purposes, the right subscript 
will be used to emphasize the surface of the solid state. It 
should be noted that the right superscript i, used for charge 
designation, and the left subscript j, used for solid-state desig- 
nation, are only general placeholders for more specific in- 
stances that will be detailed below; on the other hand, the right 
subscript 2 specifically denotes the surface of a solid particle 
and not a more general entity. For most situations, the full no- 
tation will not be used. 

In actual APIs, crystal defective regions A; are present. 
These were formed during large-scale synthesis and milling op- 
erations that reduced the API's particle size. In Figure 38-8, de- 
fective regions as well as crystalline and amorphous regions are 
shown diagrammatically. 

WATER: A MAJOR ENVIRONMENTAL 
VARIABLE 

The presence or absence of moisture is one of the most important 
environmental factors that can affect solid-state stability. The 
surface of an API particle can gain or lose water depending on 
the relative humidity (RH). Figure 38-8 shows how water vapor 
can form regions of dissolved drug on the surface of the API par- 

ticle. The amorphous region would be expected to dissolve the 
fastest, and the crystalline region the slowest; that is, the rank 
order of dissolution would be A, > A; > { A. In the Figure 38-8 di- 
agram, this is indicated by the font size of the saturated dis- 
solved form of A, a., associated with each of these regions. This 

surface coating results in chemical and physical instability. 

Chemical Instability: Water as a Molecular 
Mobilizer 

In general, chemical reactivity is slow in solids because of the 
spacial separation of different reactive components. For exam- 
ple, if a small amount of an impurity that can act as a catalyst 
is distributed heterogeneously in an API or a dosage form, the 
overall rate of reaction is limited because the reaction only oc- 
curs in microenvironmental regions. However, in dosage forms, 
most APIs are usually in contact with moisture-bearing excipi- 
ents and are stress-tested at elevated temperatures and hu- 
midity. The presence of an adsorbed layer of moisture increases 
the catalytic reactivity of the impurity because water, acting as 
a molecular mobilizer, can transport different chemical species 
laterally over the surface of the APL"* Equation 4 shows a 
chain of reactions from A to a degradant B,: 

A H2Oapor [H20apor catalytic im purity b H2Olvapar B (4) 

where b is the solubilized form of B. Moisture also induces solid- 
state changes in A. (Further discussion of moisture- induced 
chemical instability will be treated in the section Hydrate Sta- 
bility: Importance of the Critical Relative Humidity.) 

  

Microenvironmental pH: Moisture-Induced 
Sensitivity of Acid/Bases 

Acid-base reactivity in the solid-state change will be enhanced 
by moisture. Equation 5 shows a moisture-induced change of an 
anionic salt to its free acid on the surface of a drug particle: 

As HOhaper_, AL’ (5) 

Conversely, Equation 6 shows a moisture-induced surface con- 
version of a cationic salt into its free base, 

Ax’ IH Okapar As’ (6) 

where A” = HA". Because the amount of solid drug is large 
compared to the amount of moisture, Equations 5 and 6 have 
been diagramed as irreversible reactions. Such solid-state 
changes can alter the physical properties of the API. For exam- 
ple, if particles of the sodium salt of an insoluble acid form a 
surface coating of the free acid as in Equation 5, the dissolution 
rate of the surface will be retarded. Testing methods are needed 
during the salt selection stage to anticipate this type of solid- 
state change (see under Salt Selection). 

  
  

Figure 38-8. Surface of a milled API and dissolution of surface regions due to adsorbed moisture. 
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Solvent-Mediated Transformations of 
Polymorphs: Water as a Transporter 

If two polymorphic forms can exist at a given temperature, the 
metastable polymorph will be more soluble (see Salt Selec- 
tion). When this form is put in contact with water, the follow- 
ing solvent-mediated transformation can be promoted: 

A —2 5A (7) 

Water, in the vapor phase, has also been shown to be capable of 
mediating transformations between amorphous and crystalline 
forms in both directions.” 

Ary A (8) 
— 

Finally, transformations can occur that incorporate water into 
the crystal structure. Here, an anhydrous crystalline form is 
changed into the monohydrate, 

nA — A ©) 

and a salt is transformed into a hemihydrate after passing 
through the amorphous form: 

nA 2 AT 0A (10) 

Equations 7 to 10 emphasize solid-state changes. It is likely 
that most of these transformations may occur only after dis- 
solving and forming « or a species forming a. 

DECISION-POINTS IN THE DISCOVERY 
AND DEVELOPMENT OF AN API 

The term active pharmaceutical ingredient (API), also known as 
drug substance and bulk pharmaceutical chemical (BPC), high- 
lights both a discovery and a development component. In this sec- 
tion, discovery Steps 1 to 4 will be introduced briefly. The focus 
will then shift to a detailed discussion of the developmental Steps 
5t09. Using this background, the section Engineeringin the Solid 
State will outline how early parallel integration of these activities 
can reduce the time from concept to market. 

The term expansion is used when choices are being enlarged, 
and selection is used when choices are reduced by decision- 
making. Ultimately, the expansion and selection phases of dis- 
covery lead to a single choice, the best candidate for further 
development. 

1. Library expansion refers to additions to a company’s chemical li- 
brary. Established pharmaceutical companies have amassed 
hundreds of thousands of compounds through previous discov- 
ery efforts. These collections are cataloged carefully and are 
used systematically in mass screens. 

2. Series selection is a decision-making process in which the most ac- 
tive chemicals in the library are identified using a high-throughput 
biological assay. Typically, these assays are used to detect the abil- 
ity of a small molecule to interact with a protein, in vitro. In the 
past, decisions regarding which leads will be pursued further were 
made based on activity, chemical diversity, patentability, and ana- 

log synthetic potential. Today, developmental potential increas- 
ingly is part of series selection decision-making. 

3. Analog expansion is the increase in the number of compounds 
targeting a specific activity based on synthetic exploitation of the 
most promising leads. 

4. Analog selection is the decision-making process in which the best 
new chemical entity is chosen for further development. In the 
past, in vitro activity alone was the dominating decision-maker; 
today, a blend of developmental issues is surfacing earlier. 

Preformulation, as well as other areas of development such as 
metabolism, toxicology, and pharmacokinetics, will play an 
increasingly important role in Steps 1 to 4. Because a funda- 
mental understanding of the solid state is essential for designing 
appropriate physical property methodologies for Steps 1 to 4, the 
remainder of this section will deal with how solid-state proper- 

IER OA (1) Library Expansion 

(2) Series Selection 

| (3) Analog Expansion 

(4) Analog Selection 

| (5) Salt Expansion 

(6) Salt Selection 

(7) API Specifications 

(8) Compressibility & 

Compactibility 

(9) Excipient Selection 

Figure 38-9. Typical API sequential decision-making: selection and ex- 
pansion cycles. 

ties affect absorption and consistency, the two major develop- 
ment issues for an API. Salt selection, which determines the 
character of ;A', is the first critical solid-state decision for prefor- 
mulation in the developmental arena. 

Salt Expansion: Exploring the Molecular 
Possibilities of A’ 

The un-ionized (free) form of weak acids and bases, A’, may not 
be the ideal molecular form for development. During the salt 
expansion Step 5 of Figure 38-9, salts are prepared to explore 
whether one of them would make a more suitable API. Salts are 
formed by reacting A” with an appropriate counter-acid or 
counter-base. In this discussion, HAn is used to represent a 

counter-acid that forms an anion An~. Common counter-acids 
like HCI and maleic acid are listed in Table 38-5. Similarly, 
CnOH is used to represent a mineral base of counter cation 
Cn". Common mineral bases like NaOH and KOH are also 
shown in Table 38-5 along with organic counter-bases. 

Table 38-5. Molecular Forms Marketed Worldwide 
Between 1983 and 1996 
  

  SALT FORM FREQ.  GROUP* PK CLOGP MW 

No salt form 390 0 
Hydrobromide 1 1 -8 0.45 80.91 
Hydrochloride 102 1 -6.1 0.24 36.46 
Sulfate 5 1 -3 -1.58 98.08 

Nitrate 6 1 -1.44 2.09 63.01 

Phosphate 2 1 2.15 -1.95 96.99 
Glucuronate 1 1 3.22 3.74 194.14 
Acetate 8 1 4.76 -0.36 59.05 

Maleate 3 2 1.92 -0.18 116.07 

Fumarate 8 2 3.02 -0.18 116.07 
Tartrate 1 2 3.03 -2.21 150.09 

Citrate 1 2 3.13 -2.11 189.10 

Succinate 2 2 4.21 -0.62 118.09 
Mesylate 8 3 -1.20 -1.31 96.11 
Acistrate 1 3 491° 7.98 284.49 

Besylate 2 4 -2.80° 0.23 157.17 
Tosylate 3 4 -1.34 0.88 171.20 
Xinafoate 1 4 2.66" 3.00 188.18 
Potassium 1 1 16 39.10 
Sodium 37 1 14.77 23.00 

Tromethamine 2 1 8.07¢ -3.17 121.14 
Bismuth 1 1 1.58 208.98 

Bromide 6 5 79.90 
Chloride 2 5 35.45 
  
2 Groups: 0 = No salt, 1 = Polar, 2 = Multifunctional, 3 = Flexible 
aliphatics, 4 = Planar aromatics, 5 = Quartenary. 
b Calculated pK,. 
< Data from CRC Handbook of Basic Tables for Chemical Analysis, page 469. 
From Serajuddin ATM, Sheen P, Augustine MA. To market, to market. In: 
Bristol J, ed. Annu Rep Med Chem. New York: Academic, 1983-1996. 
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When A” is a weak base, the salt, (A"H)" An", is composed 
of the protonated form of the base, (A’H)* and the ionized form 
of the counter-acid HAn, An~. For salt formation, A” must be 
sufficiently basic to remove the proton from HAn (see Salt- 
Forming Reactivity Potential). 

Salts have different physical properties than their free forms. 
Salt selection explores whether a particular salt might have 
properties that are more appropriate for an API than its parent 
form. Improving oral absorption by increasing the dissolution 
rateis often a goal of the salt expansion step. Salts generally dis- 
solve faster in water than their free forms because dissolution is 
enhanced by the rapid hydration of the ionized salt species with 
water. Salts of weak bases generally lower the pH of water; salts 
of weak acids elevate it. For the salt of a weak base in water, the 
initial dissociation of the salt into the two ions, A’H* and An is 

relatively complete. On the other hand, the deprotonation of 
AH" depends on the pK, of A”, as shown by these reactions: 

APH'An™ — AH" + An” and AH =A" + H* (11) 

It is the release of the H in the second reaction by the salt that 
lowers the pH and increases the solubility (see pH-Solubility Pro- 

files). Hydrochlorides are the most common salts of weak bases. 
When A° is a weak acid, the salt that forms from a reaction 

with CnOH is A~Cn™* (A~ represents A” minus a proton). The 
most common salts for weak acids are the sodium salts. 

Even though salts increase aqueous solubility, they only al- 
ter the pH of the solution so that more of the ionized form is pre- 
sent in solution. Salts do not change the ionizable character of 
the free form; this is an intrinsic property of the free acid or free 
base and their associated pKa(s). pH-solubility profiles show 
the solubility relationship between salts and their free forms. 

pH Solubility Profiles 

For a weak base, a plot of solubility versus pH will show the 
highest solubility at low pH and the lowest solubility at high pH; 
for weak acids, the opposite is true. Such plots give a graphic 
view of the impact of ionization on solubility for an NCE. The pH 
range of the small intestine, where oral absorption generally oc- 
curs, is approximately 6.5 to 8. It is undesirable to have a com- 
pound totally charged or uncharged in this region. Ifit is entirely 
charged, there are no un-ionized species that can be transported 
across the GI membrane. If it is totally uncharged, there are no 
charged species to enhance solubility. For a monoprotic NCE, 
the pK, denotes the pH where the number of charged and un- 
charged species in solution are equal. On the ionized side of the 
pKa, the solubility of the salt limits the maximum solubility. The 
solubility decline at very low pHs is due to activity and solubil- 
ity-product effects.”**® On the un-ionized side, the solubility of 
A" (the intrinsic solubility) marks the lowest solubility. Salts 
promote a saturated solution to be formed at a pH that is on the 
ionized side of the pK,. They cannot alter the pK, or the intrin- 
sic solubility. Using these parameters, a qualitative pH-solubil- 
ity profile can be constructed. Figure 38-10 shows pH-solubility 
profiles for different counter-acid salts. 

The synthesis of salts depends on 

1. A proton-exchange reactivity between A’ and the counter- 
acid/base 

2. A long-range order that permits crystal formation. 

The discussion that follows will focus on forming salts from 
weak bases, because they comprise the majority of the new drug 
candidates. Weak acids would be treated analogously. 

Salt-Forming Reactivity Potential 

In order for a salt to form, both the weak base, A’, and the 

counter-acid, HAn, must have sufficiently different pK, values 
such that a Bronsted-Lowry proton transfer from HAn to A” can 
take place. Table 38-5 gives potential counter-ions and their 
pK. values from a listing of all drugs approved worldwide from 
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Figure 38-10. pH solubility profile of a weak base. (From Streng WH, 

et al. J Pharm Sci 1984,73:1679.) 

1983 to 1996. An acid-base proton transfer should be possible 
as long as the pK, of HAn is less than that of the weak base A” 
(recall that the pK, of A” is referenced to its protonated form 
AH"; see Solid-State Character). If ApK, is defined as 

ApK. = pK, (weak base) — pK, (HAn) (12) 

a salt-forming reaction should be possible as long as ApK, is 
positive. For example, a succinate salt (pK, 4.2) with doxyl 
amine (pK, 4.4) is possible®” where the ApK, is 0.2. Neverthe- 
less, the greater the ApK,, the greater the probability that a 
salt can be formed. Because the pK, values in Table 38-5 are 
calculated for an aqueous environment, this rule must be used 
only as a guide for salt-forming reactivity in organic solvents. 
In an organic solvent in which the dielectric constant is lower 
than water, the ionization equilibria would be shifted: 

HAR law dielectric solvents H* + An- (13) 

AH" H* + A° (14) 

For acridine bases, 50:50 ethanol:water weakens the aqueous 
pKa by 1.41 pH units. For the counter-acid, HAn, pK, weaken- 
ing is greater than for the protonated base, A’H", because of 
the greater solubility of HAn in the organic phase and the pro- 
duction of two charges upon ionization. The net effect of organic 
solvent weakening is to reduce the pK, difference between the 
counter-acid and the weak base. This lowers the salt-forming 
reactive potential. Therefore, in a given organic solvent, if salt 
formation fails to occur for a particular aqueous ApK,, it is un- 
likely that salts can be formed in this organic solvent with a 
smaller aqueous ApK,. 

law dielectric solvents 

Varying Salt Properties Using Counter-Acid 
Groupings 

For weak bases, salt-forming counter-acids can be used to alter 
an API's solubility, dissolution, hygroscopicity, stability, and 
processing.’” Table 38-5 shows counter-acids organized into dif- 
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ferent functional groups. For each counter-acid, both the pK, 
and the log P is given where appropriate. A starting point for 
salt expansion must begin with the properties of A”. If, for a 
weak base, ApK. = pK. 2° = pKa counter-acid, HAn = 0, then aque- 

ous salts may be possible. Use of this table and the influence of 
different counter-acids are covered under Decision-Tree, Goal- 
Oriented Approach. 

Crystal Formation Requirements 

In general, crystalline solids, including salts, make the most 
promising APIs. The amorphous form of the solid state is usu- 
ally not as stable as crystals, either physically or chemically. 
Crystal formation is a special characteristic of a solid in which 
the molecules self-organize into regular, repeating, molecular 
patterns. Solvents play at least three roles in crystallization. 

1. They provide some solubilizing capacity so that concentrated so- 
lutions can be formed. 

2. They promote the nucleation process. Nucleation may be from a 
pure solution (homogeneous nucleation) or from a seed crystal 
(heterogeneous nucleation). If a solvent binds too strongly to the 
molecular organizing functionalities of the salt or seed crystal, 
crystallization will be impeded. Finding appropriate solvents for 
crystal formation is a very important step in salt expansion. Fail- 
ure to adequately explore and find solvents that can crystallize 
salts could mean that very usable salts would not be evaluated in 
the salt- selection step because they were not synthesized. 

3. Solvents, temperature, and cooling rate can impact the crystal- 
packing pattern of crystals. Stable polymorphic forms usually 
are desired for APIs. Metastable forms are normally avoided in 
an API because they are prone to physical and chemical insta- 
bility. Solvent conditions that promote metastable and stable 
crystal formations will be explored under Metastable Polymorph 
Formation. 

SALT SELECTION: CHOOSING THE 
“BEST” API 

Salt selection is the first important API decision from the devel- 
opment perspective. Once a salt is chosen, time-consuming and 
lengthy toxicological studies are initiated that would have to be 
repeated if the salt form is changed. This decision involves 
choosing a solid-state phase, ; A, which balances potentially con- 
flicting needs: increasing absorption versus maintaining an API 
that is consistent and can be manufactured in a market-image 
dosage form (see Compressibility and Compactibility). Figure 
38-11 shows some of the factors involved in this decision. 

Permeability, solubility (Cs), and pK, are intrinsic proper- 
ties of A” that have been already determined in the analog se- 
lection phase (see Fig 38-9). The major dependent variables, 
absorption and consistency of the API, can be manipulated 
and balanced in salt selection. In the following sections, the 
impact of dissolution and particle size on absorption will be 
explored. In addition, the consistency of the API solid state 
under the influence of environmental destabilizing factors— 
such as exposure time (¢), ultraviolet light (UV), pH, moisture 
(H50), temperature ( 7"), and pharmaceutical processing op- 
erations like milling, compression, and compaction—will be 
considered. 

Absorption Assessment 

Oral absorption is generally viewed as two-step, sequential 
process: 

dissolution   rmention 

Agotia AGI tract n Ablood (15)   

Either dissolution of solid drug, Asia, after the dosage form dis- 
integrates in the GI tract, or the permeation of the dissolved 
drug, acr tract, through the GI membrane could be the slowest 
process. The slower of these two steps determines the overall 
rate of absorption and is thus rate-limiting. 
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Figure 38-11. API salt selection decision: a balance between absorption 
and consistency. 
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Dissolution-limited absorption occurs when the rate of ap- 
pearance in the GI tract by dissolution (a1) is slower than the 
rate of appearance in the systemic system (apio0a); permeation- 
limited absorption occurs when the api0q appearance is the 
slowest process. The impact of these two rate processes on in 
vitro—in vivo (IVIV) correlations will be discussed in the section 
Biopharmaceutical Classification of API. Dissolution-limited 
absorption will now be considered. 

The rate of dissolution of a particle is given by the 
Noyes—Whitney equation, 

dA/dt = kgS. [Ce — Chul (non-sink conditions) (16) 

where 
A is the amount of drug dissolved. 
dA/dt is the rate of dissolution (@ sometimes is used for this 

rate). 

ka is the intrinsic dissolution constant for the drug. 
S, is the total surface area of the dissolving particle. 
Cs is the saturation solubility of the drug at the surface of 

the particle. 
Chui 1s the concentration of the drug in the bulk solution. 
Because the rate of dissolution depends on the concentration 

difference between Cs and Cu, the maximum rate of dissolu- 
tion would occur if Cpux = 0 (ie, if drug was removed from so- 

lution as fast as it dissolved). This would be analogous to a sink 
that could drain the water coming out of a water faucet as fast 
as it comes in so that the water level never built up. This anal- 
ogy is the basis for referring to Equation 16 as nonsink condi- 
tions for dissolution, because drug does build up in the solution 
and the rate of dissolution is correspondingly reduced. 

The expression for the maximum dissolution rate is found by 
setting Cpu equal to 0°: 

dA/dt = k4S,.C; (sink conditions) (17) 

This initial rate of the Noyes—Whitney equation is termed sink 
conditions for the dissolution rate. 

PARTICLE-SIZE EFFECTS—For a spherical drug parti- 
cle of radius r, amount m, and of density p, Equation 17 can be 
rewritten as: 

dA/dt = (3kam/p)(1/r)C, (18) 
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This expression emphasizes the inverse relationship between 
the dissolution rate, dA/dt, and the particle size r, assuming no 
dissolution rate-reducing factors are present such as adsorbed 
air bubbles or aggregated particles. 

Smaller particles dissolve faster than larger particles. Thus 
milling, a pharmaceutical unit-operation, increases dissolution 
because the API particle size is reduced. On the other hand, 
when drug particles are suspended in an aqueous solution, 
particles can increase in size due to recrystallization growth®® 

  
FORM | 

  
FORM | 

SUSPENSION AFTER 6 HOURS. 

Figure 38-12. Photomicrographs showing change in crystal size for a sus- 
pension of Form 1 of an experimental drug. 
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Figure 38-13. Absorption changes due to aqueous-phase transformations. 

(Fig 38-12). Dosing such suspension orally would be expected to 
reduce absorption because of a reduction in the dissolution rate. 

Reactive Media 1: Implications for Salts of Weak Acids 
and Weak Bases—When a drug reacts with gastric fluids, its 
dissolution deviates from Equation 17. For dissolution in 0.1 N 
HCI, acid-base reactivity is most important for salts of weak acids 
and for free bases. It has been found that the low pH environment 
ofthe stomach dissolves a saltof a weak acid 10 to 100 times faster 
than the weak acid itself.%° On the other hand, it is the free base, 
and not its HCI salt, that dissolves faster in this same environ- 
ment.®' These deviations from Equation 17 have been shown to 
be due to differences between bulk-solution pHs and the pH at the 
surface of the drug particle. Thus, Equation 17 becomes 

dA/dt = kaS, Cs h-0 (19) 

where Cs jo is the saturation solubility at the surface of the 
APL 

For weak acid salts, the surface pH has been calculated to be 
6.2 to 6.5 for sodium salicylate (pK, 3.0) and 10.3 for sodium 
theophylline (pK, 8.4) in bulk solutions having pHs of 1.10 and 
2.1, respectively. On the other hand, the weak base phenazopy- 
ridine (pK, 5.2) sees a surface pH of 3.3 to 3.6, while its HCl salt 
sees a surface pH of 1.2 for a bulk-solution pH of 1.10. If the sol- 
ubility due to surface pH and not the pH of the bulk is consid- 
ered, deviations from Equation 17 become understandable. For 
the HCI salt, the common-ion effect reduces its solubility from 
the maximum solubility of the pH-solubility profile at 3.45. 
Thus, the nonaggregated free base, in this situation, has a sur- 
face pH that is optimized to give the highest dissolution rate be- 
cause it has the highest surface solubility. 

Reactive Media 2: Implications for Anhydrates and 
Metastable Polymorphs—Aqueous-phase transformations 
are solid-state changes in which water acts as a mediator. Dur- 
ing the transition from one form to another, dissolution be- 
havior will reflect the switch from the dissolution rate of the 
initial solid state to that of the more stable state. Two types of 
aqueous-phase transformations were introduced in Equations 
7 and 9: (1) a transformation from Polymorph II to Polymorph 
I and (2) a transformation from an anhydrous Form II to a hy- 
drated form 4.% In Figure 38-13, the transformation of Equa- 
tion 7 is shown. 

Because the permeability (P) of the dissolved drug is the 
same for the different crystalline forms, the impact on absorp- 
tion will be due to differences in their solubilities (Cs) as de- 
fined in Equation 17 and thus will be reflected in the dissolu- 
tion rates, dAy/dt and dAn/dt, being different. 

When a solvent-mediated transformation like that shown in 
Equation 9 occurs, dissolution profiles become more complex. 
Figure 38-14 shows the biphasic dissolution characteristics for 
Equation 9. In this situation, an anhydrous substance, ¢.4, be- 
comes hydrated as it dissolves and forms a surface layer of A. 
It is this latter layer that controls subsequent dissolution. The 
concentration versus time plot for the net reaction is oA (phase 
change). Note that initially the slope for ¢,A (phase change) ap- 
proaches that of the very steep slope oA (no phase change), and 
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dA/dt= kyS,Cay 

onA (no phase change) 
oA (phase change) 

” we 
2 

g 
= 

2 6 
QO ~~ dA/dt = k,S,Cq, 

b 
b= ky (Cs - Csp)/k,     

Time 

Figure 38-14. Biphasic dissolution of anhydrous to hydrous forms. (Data 
from Nogami H, Nagai T, Yotsuyanagi T. Chem Pharm Bull 1969;17:499.) 

that the terminal slope approaches that of ,A (no phase 
change), the hydrated form. Modifications of Equation 17 to 
take into account surface recrystallization of ,A on ¢,A+ give the 
biphasic dissolution behavior, 

dA/dt = kaSa{Cene™" + Conll — e*'] (20) 

where k, is the recrystallization rate constant for the second 
phase, k, is the intrinsic dissolution constant, Csy; is the satu- 
ration concentration for the first phase, and Cg, is the satura- 
tion concentration for the second hydrate phase.® 

ENHANCED AND RETARDED DISSOLUTION DUE TO 

SINKS AND PLUGS 

The increase in dissolution due to the particle-size reduction of 
an uncharged API, A’, can be estimated from Equation 18. 
Equation 21 shows the resulting surface area increase, >T, and 
the corresponding dissolution enhancement. 

As willing Ast faster as’ (21) 

This enhancement, however, is assumed to be under sink con- 

ditions and is driven by Cs = as” in Equation 17. Ifthe concen- 
tration of drug does build up, dissolution is reduced by and is 
given by Equation 16. This slower dissolution is diagramed in 
Equation 22 where ap," Tindicates the buildup of the drug in 
the bulk solution. 

A" 5 gan (22) 

An ionizable drug, on the other hand, reduces ap’, which is 

indicated by | in Equation 23 because it is rapidly converted to 
apuik , the ionized form. Thus, the ionized form (apa = 
apa’ HY) acts as a sink to remove apa” and promotes the dis- 
solution of A” by driving the reaction to the right: 

A pans gp” (sink) (23)   

Reduction of dissolution, on the other hand, can occur for an an- 
hydrous API when the hydrated form recrystallizes on the sur- 
face as in Figure 38-14. This effect is the opposite of the sink 
concept, hence the term plugging. Equation 24 show the species 
involved in plugging. The subscript 3 emphasizes that this is a 
surface phenomenon. 

onAs 
  recrystallization slower 

Ax Hor dna > apt (Plug) (24) 

ACCEPTANCE CRITERIA GUIDANCE 

A simple model to assess the impact of particle size on dissolu- 
tion and absorption of a non-ionized drug considers the intes- 
tine as a single compartment.®® If the number of particles of 
uniform size at time ¢ is 

N(t) = Noe (25) 

where Nj is the initial number of particles, @ is the flow rate 
out of the intestine, and V is the intestinal volume, then the 
surface area for spherical particles of uniform size, r, as a func- 
tion of time can be given by 

Sa = 4mr*(ON(t) (26) 

This expression can then be used in the non-sink dissolution ex- 
pression of Equation 16, with certain assumptions including 
linear intestinal absorption, to approximate the fraction ab- 
sorbed as - 

aXdlr 
Fx x, 

where £, is the absorption rate constant, Xj is the administered 
dose, X, is the amount of drug dissolved in the GI tract at {,., and 
t, is the GI transit time. Further refinements to this model in- 
clude accounting for polydispersed spherical powders and com- 
paring cylindrical with spherical shape factors, with and with- 
out time-dependent diffusion layer thickness. 

Finally, for poorly soluble drugs, simulated dose absorption 
studies have been carried out over different ranges of solubility, 
absorption rate constants, doses, and particle sizes. Table 38-6 
shows the percent of drug absorbed for a drug that has a solu- 
bility of 10 pg/mL with a k, of 0.01 min~'. Note that, even 
though particle-size reduction from 100 to 10 pm increases the 
percent absorbed, as the dose increases, the impact of this re- 
duction decreases dramatically. 

  (27) 

Consistency Assessment 

POLYMORPHIC STABILITY: IMPORTANCE OF THE 

TRANSITION POINT 

Polymorphic systems, in which different crystalline forms of 
the same molecular composition can exist, vary in their ability 
to interconvert at different temperatures. The enantiotropic/ 
monotropic classification is based on the observation that some 
systems can reversibly interconvert and some cannot. In enan- 
tiotropic systems, reversible interconversion between the dif- 
ferent forms is possible. For monotropic polymorphic systems, 
interconversion is only possible in one direction, from a 
metastable form to a more stable form. 

For enantiotropic systems, a critical temperature exists, the 
transition point, 7),, at which the rate of conversion from one 
form to another is equal. At temperatures below 7',, one form is 
more stable; at temperatures above 7),, another form is more 
stable (see the section Solid-State Character; the convention of 

designating Form I as the most stable polymorph breaks down 
for such systems because Form I cannot be the most stable form 
both above and below T',). 

Figure 38-15 shows a solubility versus temperature diagram 
for an enantiotropic polymorphic system.®¢> For the enan- 

Table 38-6. Reduced Absorption with Increasing Particle 
Size for a Poorly Soluble Drug 
  

  

DOSE PERCENT OF DOSE ABSORBED 

10 pm 25 pm 50 pm 100 pm 
1 91.3 66.9 38.5 17.5 
10 70.0 50.0 30.7 15.4 
100 9.0 8.7 8.0 6.3 
250 3.6 3.6 3.4 3.1 
  

Data from Johnson KC, Swindell AC. Pharm Res 1996; 13:1795. 
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Figure 38-15. Thermal stability of polymorphic systems. (Data from Kuhnert-Bradnstatter M. Thermomicroscopy in the Analysis of Pharmaceuticals. 

New York: Pergamon, 1971; and Heleblian J, McCrone W. J Pharm Sci 1969;58:911.) 

tiotropic system on the left, at constant pressure, there are 
three solubility versus temperature curves: Form II is the low- 
est, Form I is the next higher, and the melting curve is M. The 
critical temperature, 7), occurs at the intersection of the Form 
II and I curves. At this point the solubilities of Form II and 
Form I are equal and the interconversion rate in any direction 
is zero.®® Below the T},, Form I interconverts to Form II; above 
the T),, Form II converts to Form I. The melting point of Form 
I occurs at the intersection of the Form I curve and the melting 
curve M. 

Because enantiotropic forms show a change in relative phys- 
ical stability as temperature is changed, it is important to an- 
ticipate the impact of temperature on stability. An early warn- 
ing sign that one is dealing with an enantiotropic system can be 
found by relating solubilities with thermal parameters. The 
higher melting Form I has a smaller heat of fusion. Equation 28 
gives the relationship between the solubilities, 

ST) AH — AH, m= T EE al = = IC 
where S; and Sy; are the solubilities and AH; and AH; are the 
heats of fusion of Forms I and II, respectively.®® The more sta- 
ble form at a given temperature will have lower solubility at 
that temperature. 

Enantiotropicity exists only when the transition point is be- 
low the melting point of Form I (see Fig 38-15). However, if a 
transition point is not found below the melting point of Form I, 
it does not mean that the system is monotropic.®® The transi- 
tion point, for example, could be below the lowest temperature 
studied. 

For monotropic systems, interconversion is always from the 
metastable Form II to Form I. The solubility curve of Form II is 
always above that of Form I, and a transition point does not ex- 
ist because a crystal cannot be heated above its melting point 
(see Fig 38-15). Oswald's Law of Stages dictates that if a system 
is supersaturated with respect to Form II at concentration C; 
and 7}, the metastable Phase II will be the first solid phase that 
appears.®” As Form II continues to crystallize, the supersatu- 
ration is reduced until it reaches its solubility. At this point, al- 
though there is no longer a driving force to crystallize more 
Form II, the solution continues to be supersaturated with re- 
spect to Form I. Thus, crystallization of Form I occurs at the ex- 
pense of the dissolution of Form II. 

  

POLYMORPHIC SOLUBILITY: DIFFERENCE BETWEEN 

EQUILIBRIUM AND DISSOLUTION-BASED SOLUBILITY 

Assume Polymorphs I and II are possible for an NCE. Os- 
wald’s Law of Stages tells us that a supersaturated solution 
will first crystallize out as Form II and then ultimately Form 
I. Thus, the thermodynamic equilibrium solubility will be lim- 
ited by the solubility of Form I. However, because the rate of 
nucleation of II and I is a function of a wide variety of vari- 

ables, equilibrium solubility is not an especially useful pa- 
rameter in estimating the impact of a polymorph form on the 
absorption of drug from a dosage form. A dissolution-based 
solubility definition is more useful in this regard. How might 
such a solubility be defined? 

Because the metastable state Form II has a faster dissolu- 
tion rate, dA/dty > dA/dt;, where it is assumed that dissolution 

is carried out under sink conditions of Equation 17. Because 
dA/dt = ksS,.Cs, we can conclude that Cs(I1) => C(I) if we as- 
sume that S, and k, are the same for both polymorphs. Thus, 
Equation 17 provides a working definition for the solubility dif- 
ferences between Polymorph II and Polymorph I, and it pro- 
vides a method for measuring them from dissolution experi- 
ments. More precisely, it provides the solubility at the surface 
of the API, which is the solubility that is most relevant for dis- 
solution (see the section Reactive Media 1). 

POLYMORPH CHARACTERIZATION TECHNIQUES 

At a given temperature, a fluid-phase transformation can cause 
a metastable polymorph to change into a more stable, less sol- 
uble polymorph. Using a hot-stage microscope, fluid-phase 
transformations as a function of temperature can be ob- 
served.®® As the temperature is varied, the more soluble poly- 
morph dissolves and the less soluble one grows. If a tempera- 
ture can be found at which both polymorphs have the same 
solubility, then the system is enantiotropic, and the tempera- 
tureis the transition point, 7’. Plots similar to Figure 38-15 can 
be constructed qualitatively in which the intersection is the 
measured transition point. These plots are important because 
they tell which form is most stable at low temperatures, and 
whether the system is enantiotropic. 

Differential scanning calorimetry (DSC) is another charac- 
terization tool that is commonly used. It measures heat changes 
that occur when a solid undergoes phase transitions. Melting of 
a solid into a fluid, for example, requires an influx of heat into 
the crystal. Two techniques are useful for detecting polymor- 
phic systems using DSC: scanning-rate variation and tempera- 
ture cycling. 

Scanning-rate variation has been shown to detect some re- 
versible polymorphic systems. In Figure 38-16, crystallization 
of the more stable polymorph shows up as exothermic depres- 
sions as the scanning-rate increases.®® Hot-stage microscopy 
can be used to confirm these thermal changes. 

Temperature cycling using DSC also can be used to study 
the relative interconvertability of crystalline forms. A loss of 
the metastable, lower melting point polymorph of metoclo- 
pramide base was found after heating, cooling, and then re- 
heating.®? The more stable polymorph can often be observed as 
exotherms due to crystallization after heat—cool cycles.” In ad- 
dition, storage of a metastable polymorph below the melting 
point of either polymorph can result in the formation of the 
more stable polymorph. For gepirone hydrochloride, this oc- 
curred after a heat treatment of 3 hours at 150° C.%® 
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Figure 38-16. Detection of polymorphs by varying the DSC scanning rate. 

Powder x-ray diffraction is the most powerful method for de- 
tecting polymorphs. Because different polymorphs have differ- 
ent crystal structures, the packing patterns of their atoms are 
different. Powder x-ray diffraction detects these packing differ- 
ences as differences in diffraction patterns. Comparisons of 
diffraction scans between different polymorphs show charac- 
teristic differences that can be used for identification (finger- 
printing) purposes. 

Single-crystal x-ray diffraction is the most definitive charac- 
terization tool because the exact relative locations of atoms in 
the molecular crystal can be determined. However, most often, 
high-quality crystals for this type of analysis are not available 
from the bulk API (especially if the material was milled). Re- 
crystallization of suitable crystals from saturated solutions 
may be possible. If the single-crystal x-ray diffraction problem 
can be solved, programs are now available that can convert sin- 
gle-crystal diffraction data to a powder x-ray diffraction pat- 
tern. This is necessary to ensure that the recrystallization pro- 
cess has not grown a new polymorph. 

Solid-state nuclear magnetic resonance (NMR) is also a 
powerful technique for studying polymorphic systems. In this 
technique, a powder sample must be rotated at a special an- 
gle (the magic angle) with respect to the magnetic field so 
that preferential orientations of the powder particles are av- 
eraged. Microcalorimetry also has been used to characterize 
the thermodynamic properties of different polymorphs. Fi- 
nally, diffuse reflectance infrared Fourier-transform spec- 
troscopy recently has been used to quantify binary mixtures of 
polymorphs using the partial least-squares method for spec- 
tral analysis.” 

METASTABLE POLYMORPH FORMATION 

Exploring the potential that a given salt has for polymorph for- 
mation is a very important aspect of salt selection. It is impor- 
tant that the choice of the final molecular form be based on as 
much information as possible. Other factors being equal, a 
molecular entity that forms polymorphs is generally not as de- 
sirable as one that does not, because of the potential intercon- 
version of polymorphs and a change in an API's dissolution. 
This could cause consistency problems both in the API and in 
the dosage forms. Special techniques are used to attempt to 
synthesize metastable polymorphs. Preparation of metastable 
polymorphs requires: 

1. Supersaturating conditions for the metastable form, 11 A. 
2. Crystallization of the metastable state before the stable poly- 

morph forms. 
3. Stable conditions for the metastable polymorph so that conver- 

sion to the stable 1 A form is prevented. 

These steps are shown in Figure 38-17. 
For a monotropic system, the metastable state can only 

change to the stable state; for an enantiotropic system, the 
transition point is critical for interconversion. Therefore, the 
formation temperature should be as far above the transition 
point as practical. 

The ideal solution conditions to prevent ;A from converting 
to 1A are such that the solution phase, a, should be highly su- 
persaturated, of a small volume, and in a relatively poor solvent. 
Rapid cooling is the method of choice for maintaining supersat- 
uration with respect to ;jA. To help ensure that the rate of 
metastable crystallization is much greater than the rate of 
thermodynamic equilibration, small volumes and poor solvents 
for 1A are used. The use of dry ice for rapid cooling with alcohol 
or acetone is common for these purposes. Once crystallization 
from the saturated solution phase, a, has occurred, it is impor- 
tant to filter and dry the precipitate as quickly as possible to pre- 
vent a fluid-phase transformation to the stable polymorph. Al- 
ternatively, if 1A can be melted without degradation, complete 
melting and rapid cooling of the melt is an another method of 
forming metastable forms. This avoids two major problems of so- 
lution-phase metastable polymorph formation—filtration and 
drying, both of which can promote interconversion. 

HYDRATE STABILITY: IMPORTANCE OF THE CRITICAL 

RELATIVE HUMIDITY 

Relative humidity (RH) is the percentage of the maximum 
amount of moisture that air can hold. A substance is hygroscopic 
when it takes up this moisture from air. For a drug substance, 
the RH that is in equilibrium with a saturated aqueous solution 
of a solute is termed the critical relative humidity (CRH).”? It is 
a key parameter that can influence the physical stability of 
solid-state hydrates. A number of studies have shown that the 
gain or loss of water from a hydrate can center on the CRH. Be- 
cause water in organic crystals is never a passive entity (see Hy- 
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Figure 38-17. Formation of a metastable polymorph in a monotropic 

system. 
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drate Formation), solid-state changes in the crystal are very 
likely to follow. 

For the tetrahydrate sodium salt of a tetrazolate derivative, 
a number of different solid-state forms are possible.” 

  

  

above CRH 
> pA 

-H,0 

wx (29) 

below CRH 
> had 

-H,0 

The conversion of 44A to ,A requires elevated temperature 
and a RH above the CRH. Water’s plasticizing action in re- 
ducing the intermolecular H-bonding between adjacent 
molecules is believed to be the mechanism that facilitates the 
solid-state transformation to the more stable , A crystal 
form.” Similarly, elevation of both temperature and RH were 
required to convert the o;, A form of paroxetine HCI to the oss 
A form.” Water also promoted a solid-state transformation of 
the a A form to the o, A form of a disodium leukotriene an- 
tagonist. The amorphous form initially picked up a small 
amount of water (2%) and then slowly released this water as 
the anhydrous form was formed. Conversely, the humidity- 
mediated conversion from j; A to a A has been observed for an- 

other leukotriene antagonist.”® Difficult hydrate situations 
have been dealt with by carefully defining the RH ranges of 
different species and setting specifications consistent with 
typical manufacturing environments. 

In general, hydrates that are more closely packed tend to be 
more physically stable with respect to moisture loss. The ideal 
solid state is one that is stable over a wide range of RH, such as 
the os, A form of paroxetine HC1.”® For the sodium salt of the 
tetrazole derivative shown in Equations 29 and 30, the denser 
1 A structure is physically more stable than the 4, A structure. 
The latter loses four water molecules from crystal channels at 
a significantly lower temperature than the one water molecule 
of the ;, A form, which is integrated into the crystal structure in 
a more cohesive manner.”® In the sections H-Bonding Net- 

works, and Hydrate Formation, hydrate formation is discussed 
from a molecular point of view. Crystal formation involves two 
mutually opposing principles: (1) satisfying the molecule’s in- 
termolecular H-bonding needs and (2) packing the atoms in the 
crystal as closely as possible. Hemi- (2/2) and monohydrates (h) 
evidently satisfy both close packing and H-bonding needs more 
efficiently than hydrates that contain water in channels. 

Hysteresis is a general term that is used when a material’s 
response to a second exposure of a stress differs from a prior re- 
sponse. This has been observed in the moisture uptake of an 
API as a function of RH. A number of instruments are now 
available that can monitor a sample’s weight as RH is cycled 
from 0% to 95%. The noncoincidence of the weight as the sam- 
ple is back cycled from 95% to 0% indicates hysteresis. One ex- 
planation of this type of behavior is that surface-initiated 
changes occurred in the solid state below or above the sample’s 
CRH. Dehydration of the surface below the CRH, as in Equa- 
tion 29, with the formation of an amorphous coat of o, . As 
means that any subsequent water vapor will encounter a more 
hygroscopic surface than 4, As and thus a different hydration 
kinetic behavior. On the other hand, conversion of 4, A to , A 
above the CRH, as in Equation 30, will produce a different ki- 
netic behavior upon rehydration. Thus, RH hysteresis may re- 
sult from changes in both the kinetic and equilibrium behavior 
of the surface of the particle. 

CHEMICAL STABILITY: COMMON DEGRADATION 

SEQUENCES—BELOW CRH 

SORPTION/DESORPTION OF SURFACE WATER—If an 
anhydrous form of A is exposed to an RH below the CRH, wa- 
ter molecules will slowly adsorb onto the surface of the drug 

particle (denoted as >0h). Adsorption of up to a monolayer of 
water has been shown to provide partial protection from oxi- 
dation. Dehydrated foods, for example, are more stable when 
moisture coats reactive sites. For the anhydrous phenylbuta- 
zone, the oxidation rate has been shown to be lower below 
the CRH.™ For a hydrate, however, the loss of surface water 

of hydration (denoted as &) at RHs below the CRH has been 
shown to increase reactivity. Equations 30 and 31 show both 
of these possibilities. 

below CRH 
+Hz20 

below CRH 

ons > _onAs (partial oxidation protection) (30) 

>A (increase chemical reactivity) (31) 

FORMATION OF AN AMORPHOUS (A) SURFACE—A 
water enriched/depleted surface, (>h/<h), is prone to further 
solid-state changes shown in Equations 32 and 33. For the wa- 
ter-enriched surface, a chemical reaction is shown in which the 

crystalline form of A (j = I) reacts to form the product a Bx 
, which is amorphous. This type of surface hydrolysis at RHs be- 
low the CRH was shown to occur for meclofenoxate HCl decom- 
position’ and for propantheline bromide hydrolysis.*” For the 
latter, a lag time occurred that was attributed to the amount of 
time that was necessary to form a monolayer. For the water-de- 
pleted hydrate (j = h), the loss of water initiated the formation 
of an amorphous surface layer, a As. The consequences of these 
amorphous surfaces will now be explored. 

+Hy0 
As 1-hAs = «Bs (32) 

Jils — 0, < ns — ads (33) 

TRANSFORMATION OF AMORPHOUS SURFACES— 
Because amorphous layers are more prone to be hygroscopic 
than crystalline solids, the chemical transformation of { Ax 
to «By in Equation 32 is significant because the latter can at- 
tract more water to the surface. Dissolution of «Bx shown in the 
first downward reaction of Equation 34 will then form a surface 
coated with bs, as shown in Figure 38-8. The reaction of 
meclofenoxate HCl below the CRH to form amorphous dimethy- 
laminoethanol HCI (see Eq 32) is a good example of this.”® Next, 
the water adsorbed to the surface due to the dissolved form of B 
on the surface, bs, promotes the dissolution of the surface of A, 
As, to form a surface coated also with ay, the dissolved form of 
A on the surface, which then undergoes further decomposition 
to bx. This is shown in the horizontal and final downward reac- 
tions of Equation 34. 

aBs 

1 +H,0 

Ar =r ay + bg (34) 

1 

bs 

In Equation 35, two possible solid-state changes for « Ax are 
shown. First, the reactive amorphous surface can undergo a 
degradation reaction to form Cs. Second, the surface can con- 

tinue to lose water below the CRH so that the subsurface , A 
undergoes a solid phase transformation to a crystalline phase, 
1 A. The dehydration changes for cefixime trihydrate are exam- 
ples of these reactions.®! The partially dehydrated form of this 
compound was more unstable than the fully hydrated or the 
completely dehydrated crystalline forms. 

aAx (35) 
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CHEMICAL STABILITY: COMMON DEGRADATION 

SEQUENCES—ABOVE CRH 

When water is adsorbed to the surface of the particle above the 
CRH, the drug particle becomes coated with a dissolved drug 
layer, ax , which is assumed to be saturated®: 

As excess HO as (36) 

Degradation under these conditions is assumed to occur solely 
in the dissolved layer. This situation has been extensively dis- 
cussed.” For the Maillard reaction, in which primary amines 
react with carbohydrates, adsorbed water initially increases 
the reaction rate to a maximum due to the enhancement of re- 
actant mobility. Greater amounts of water then decrease the re- 
action rate due to dilution of the reactive species. Similarly, for 
free-radical auto-oxidation of unsaturated groups, reactivity in- 
creases above the CRH because of accelerated reactant mobil- 
ity. Below the CRH, oxidation decreases due to the immobiliza- 
tion of hydrogen peroxides and trace metal catalysts and the 
protective effects of a monolayer of water that is insufficient to 
increase reactant mobility. 

INFLUENCE OF SALT FORM ON HYGROSCOPIC- 
ITY—Table 38-2 shows that the non-salt forms, including free 
bases, free acids, and nonelectrolytes, are the most popular 
molecular forms on the market. In general, these forms would 
be expected to be less hygroscopic than salt forms due to their 
un-ionized character. Although the sodium salt is the most pop- 
ular weak acid form, this form has a tendency to be hygroscopic. 
Alternative salts that have proven useful in overcoming hygro- 
scopicity are hydrogen sulfate®” and tromethamine.®*® 

Hygroscopic tendencies for weak bases might be overcome 
by using aromatic counter-ions. Aryl sulfonic acids were shown 
to provide moisture protection without decreasing dissolution 
for the sparingly soluble weak base, Xiobam.*® The free-base 
form of this drug (pK. 6.1) was hydrolyzed at 40°C/80% RH. On 
the other hand, one weak base (pK, 3.67) was chosen for devel- 
opment because it was less reactive to moisture exposure than 
the HCl salt. The latter showed chemical instability with mois- 
ture and heat and was the only salt that could be formed.®¢ 
Stronger bases like pelrinone (pK, 4.71) can form stable and 
nonhygroscopic HCI salts.® 

GRINDING IMPACT—Processing of solids can have a ma- 
jor impact on dissolution due to solid-solid phase changes. 
Grinding is one process that has been shown to cause changes 
in both polymorphs and hydrates. For the ;; A polymorph 
(Form C) of chloramphenicol palmitate, 

shell 

mA —8 5 A 

grinding causes a successive change to the ;; A polymorph (Form 
B) and finally to the A polymorph (Form A).* Correspondingly, 
dissolution from the fastest to the slowest is in the order 

  more grinding A (37) 

ground nA = ground A => nA => A (38) 

For hydrates, similar solid-state changes have been observed. 
When cefixime trihydrate is ground, a solid-phase transforma- 
tion takes place: 

nA —EE 0A (39) 

Water in this situation plays an essential role in crystal forma- 
tion. Its removal causes a collapse of the crystal lattice.” Other 
pharmaceutical processing operations and their impact on crys- 
tals have been reviewed. *! 

SALT SELECTION DECISION-MAKING 

The pressure to increase the productivity of the knowledge 
worker is readily apparent at the salt-selection stage. Because 
of increased productivity in discovery, the cascading impact on 

development to choose rapidly the best molecular form is read- 
ily apparent; toxicological and bioavailability studies cannot 
proceed until the salt is chosen. Once these studies are initiated, 
it becomes very costly to change the molecular form because 
many of these biological studies would have to be repeated. More 
importantly, precious time and a competitive advantage will be 
lost. However, if an unanticipated, unacceptable property 
emerges during the development of an API, the sooner the 
change is made the better. It is for these reasons that efficient 
paradigms are being sought for this stage of development. Two 
approaches will be presented that attempt to optimize the prob- 
ability of success with speed. Previous approaches were criti- 
cized for excessive characterization of poor candidates and for a 
lack of clear go/no-go decision-making.?” As a practical consid- 
eration, it is essential that NCEs have high purity, and that 
salts be crystallized. In the following discussion, weak bases 
that are to be absorbed orally are used. Similar approaches can 
be developed for intravenous NCEs and for weak acids. 

Multi-Tiered Selection Approach 

One approach in which different critical parameters are used to 
filter a salt candidate’s progression to the next stage has re- 
cently been proposed.” Crystalline salts are successively 
sorted by a three-tier system in the following way: 

Tier 1. Hygroscopicity 

Tier 2. Thermal analysis and x-ray diffraction 
Tier 3. Accelerated solid-state stability 

Tier 1 eliminates any form with excessive moisture sorption/ 
desorption characteristics. Only the survivors progress to Tier 
2. In this second tier, changes in crystal structure are examined 
under extremes of moisture conditions by using thermal analy- 
sis and powder x-ray diffraction to detect desolvation and aque- 
ous-phase transformation problems. In addition, aqueous solu- 
bility is determined to address potential dissolution problems. 
The best candidates for formulation and manufacturing are 
considered here and survivors proceed onto Tier 3. In this third 
tier, accelerated thermal and photo-stability testing is carried 
out. This is considered to be the most time-consuming step so 
the limiting of candidates saves time and effort. Selected excip- 
ient compatibility testing may also occur at this stage. If Tier 2 
eliminates all of the candidates, additional salts or free 
acid/bases are considered before reevaluating any salt that was 
dropped in an earlier tier. 

Several comments can be made regarding this approach. 

1. The HCI salt of ranitidine, due to its hygroscopicity,®® probably 
would not have been a final candidate in the multi-tiered ap- 
proach. Yet this is one of the most successful drugs ever mar- 
keted. This emphasizes a need for prioritizing the salt selection 
process so that as wide of a range of development issues are ad- 
dressed as early as possible and that they all are put in perspec- 
tive. If a hydrochloride salt has much better absorption properties 
than the free base but is hygroscopic, it would be very prudent for 
development to see if it can deal with this problem. Otherwise, 
bioavailability may be compromised by a single-minded emphasis 
on API consistency. 

2. The free base is not considered in the multi-tiered approach un- 
less all alternatives have failed despite its potentially favorable 
dissolution in gastric fluids and its sensitivity to particle size re- 
duction with a reactive sink. 

The decision-tree, goal-oriented approach discussed below ad- 
dresses some of these issues. 

Decision-Tree, Goal-Oriented Approach 

An alternative approach to the multi-tiered go/no-go selection 
approach is one based on a decision-tree using statistical prob- 
abilities and functional grouping of counter-ions to seek priori- 
tized physical properties. In Figure 38-18, prioritized problems 
are shown, absorption being the highest priority. 
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Figure 38-18. Absorption-dominated decision-tree. 

The decision-tree considers the free base, the HCI salt, as 

well as other options. Although this approach uses statistical 
probabilities for molecular form consideration, ideally, a high- 
throughput, automated methodology would be available that 
could determine exhaustively which salts can form crystals and 
under which conditions. Feasible salts would then be synthe- 
sized and placed under accelerated stability and stressing con- 
ditions. This would allow for the maximum amount of exposure 
to the sample before a decision has to be made. Degradant eval- 
uation need not be carried out on these stressed samples im- 
mediately; other issues may eliminate a particular candidate 
and make this unnecessary. However, evaluation for crys- 
tallinity should be carried out early to ensure that this does not 
impact physical or chemical stability. Physical property screens 
and absorption-dominated prioritization would then force a 
pharmaceutical evaluation to be made regarding the e possibility 
of overcoming consistency and processing problems.” By using 
functional groupings (see Table 38-5), salt forms would be con- 
sidered that could address specific problems.’ 

EXCIPIENT SELECTION: FORMULATION 
COMPATIBILITIES 

Excipients serve many roles and are the backbone of a formu- 
lation. They may be needed to stabilize the API by providing an- 

tioxidant, heavy-metal chelating, or light-protection properties. 
They also may be used to enhance bioavailability and to control 
the release from dosage forms. For solid dosage forms, they pro- 
vide suitable properties for dispensing the API in accurate 
dosage units that have reproducible release properties. Dilu- 
ents provide a flowable bulk, binders hold powders together, lu- 
bricants provide punch-releasing properties, and disintegrants 
help to disperse dosage forms in the GI tract. On the other 
hand, judicious choices must be made to prevent incompatibili- 
ties between the API and excipients. 

Screens to detect drug-excipient incompatibilities recently 
have been developed using elevated temperature and added 
water to accelerate potential interactions in ternary and more 
complex powder blends.” Such methods have been shown to be 
capable of rapidly detecting chemical incompatibilities and giv- 
ing good correlations with results using powder blends of drug 
and excipients at elevated temperatures and humidity. 

Processing incompatibilities can be more difficult to trou- 
bleshoot than chemical incompatibilities. For example, 
tablet performance has been shown to vary for ketorolac 
tromethamine, depending upon the kind of starch that was 
used. Cornstarch showed a decreased disintegration time and 
dissolution rate as a function of blending time whereas pregela- 
tinized starch showed no such dependency. The difference be- 
tween these two excipients was attributed to the formation of 
drug/cornstarch agglomerates with magnesium stearate.” 
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Blending studies have shown the potential benefits of using 
sodium lauryl sulfate to offset these types of effects.” 

Finally, manufacturing for a global market has forced a 
reevaluation of excipients that are used in formulations so that 
manufacturing can be carried out with internationally accept- 
able components. The European Economic Community has re- 
cently focused the pharmaceutical industry on eliminating ex- 
cipients that have the potential for transmissible spongiform 
encephalopathies, replacing ingredients like stearic acid, mag- 
nesium stearate, polysorbate 80, and simethicone with veg- 
etable grade sources. 

API SPECIFICATIONS: MEETING PROD- 
UCT AND REGULATORY REQUIREMENTS 

Polymorphic Forms and Hydrates Decision 
Trees 

A major portion of this chapter has been devoted to characteriz- 
ing the solid state, ; A. The left side of Figure 38-19"*% summa- 
rizes some of the potential solid states that can exist for the un- 
ionized form of A; if a salt form was chosen for the API, the same 
states also would be possible. Previous sections have discussed 
the impact on API consistency and dissolution for the different 
solid states. The critical relative humidity (CRH) and the tran- 
sition point (7) for enantiotropic polymorphic systems are es- 
pecially important intrinsic physical parameters that control 
solid-state consistency and potential solid-state interconver- 
sion. Moisture and temperature, as we have discussed, are the 
major environmental variables that can promote these changes. 
Rapid methods, therefore, are needed to characterize potential 
solid-state forms and their physical properties. The decision- 
tree on the right side of Figure 38-19 summarizes when specifi- 
cations need to be set to maintain API consistency. If the physi- 
cal properties of the solid states differ, assessments need to 
determine the impact this will have on a formulated API. Spec- 
ifications need to be set to ensure a consistent product. 

Particle-Size Acceptance Criterion 

Once the solid state, ;A, has been characterized, the potential 
impact of particle size on absorption can be assessed. Figure 38- 
20 shows a decision-tree approach, suggested by the Interna- 

Solid State Family of ;A 

rd 

  

  

  

tional Committee on Harmonization, for determining whether 
a particle-size acceptance criterion is needed.'”™ Previous sec- 
tions in this chapter have discussed nearly every aspect of this 
tree. Although dissolution-limited absorption is a major con- 
cern, Figure 38-20 also includes dosage form issues such as con- 
tent uniformity. 

Biopharmaceutical Classificaion of API 

Although it is possible to alter the solid state, ;A, such that 
dissolution and absorption can be enhanced, solubility and 
passive permeability are, in general, intrinsic properties of the 
NCE. Thus, even though the amorphous state, «A, in some 
situations can be stabilized to enhance dissolution, the equi- 
librium solubility will be determined by the least soluble solid 
state. A classification has been proposed to segregate situa- 
tions when in vitro and in vivo correlations (IVIV) are ex- 
pected. Such designations may be used as a guide for deter- 
mining when bioequivalent studies may need to be carried 
out. Table 38-7 shows the four major classes based on solubil- 
ity and passive permeability. 

CONCLUSION: APPLICATION OF 
KNOWLEDGE 

“The actual product of the pharmaceutical industry is knowl- 
edge; pills and prescriptions ointments are no more than pack- 
aging for knowledge.” ”" The introduction of methods to probe 
and exploit human and animal genomics has had a cascading 
impact on the industry. These new concepts had a number of 
qualities that ensured adaptation. The systematic use of mech- 
anism-based reagents was a tangibly better solution for finding 
new therapeutic entities than the more serendipitous methods 
of the past. Such high-throughput screens were compatible 
with increasing use of robotics whose advantages could easily 
be understood by all in the pharmaceutical industry. Each 
company was able to hold trial runs to test the utility of such 
screens and in the end obtain observable results. Today, the re- 
combinant DNA innovations of the 1980s still provide the driv- 
ing force for other innovations in the pharmaceutical industry: 
miniaturization, customizing, and artificial intelligence. 

Miniaturization began in earnest with the micronization of 
the transistor concept onto silicone chips. In the pharmaceuti- 
cal industry, mass screening, the demand for higher and higher 

Decision Tree 

  

      

  

    Ls | No Action | Set Specs.   

Figure 38-19. Solid-state forms and specification setting. (Data from Byrn S et al. Pharm Res 1995;9:84; and Byrn S et al. Gold Sheet 1996;30(6):1.) 
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Figure 38-20. Decision-tree for drug substance particle-size distribution. (From Bymn S et al. Specifications for new drug substances and products: 
Chemical Substances, ICH4, Fourth International Conference on Harmonization. Brussels, July 1997.) 

throughput, and the need to conserve chemical libraries have 
accelerated analytical and synthetic nanotechnology. This lat- 
ter need is extremely important because chemical libraries are 
expendable resources that are not easily replaced. Old library 
entries were synthesized in gram quantities, and newer entries 
in milligrams. Conservation of this resource will require a com- 
bination of nanotechnology along with a host of regeneration 
technologies including combinatorial synthesis, high-through- 
put purification, and promotion of an increasingly diverse 
molecular library for mass screening. In addition, chromato- 
graphic columns, HPLCs, and electrophoresis on the nanoscale 
hold promise for extremely high resolution with extremely low 
material consumption. On this scale, area can efficiently be 
converted to a linear dimension. Thus a chip 10 X 10 mm can 
be converted easily to an electrophoretic path of 9.5 cm. The po- 
tential for massive parallel processing is evident when one con- 

Table 38-7. In Vitro/in Vivo Correlation Expectations for 
Immediate-Release Products Based on 
Biopharmaceutics Class for Passive Absorption 
  

CLASS SOLUBILITY PERMEABILITY 

| High High 

IVIV CORRELATION EXPECTATION 
  

IVIV correlation if dissolution 
rate is slower than gastric 
emptying rate. Otherwise 
limited or no correlation. 

IVIV correlation expected if 
in vitro dissolution rate is 
similar to in vivo dissolution 
rate (unless dose is very 

high). 
Absorption (permeability) is 

rate-determining and limited 
or no IVIV correlation with 
dissolution rate. 

Limited or no IVIV correlation 
expected. 

From Amidon GL, et al. Pharm Res 1995; 12:413. 

Il Low High 

1] High Low 

Iv Low Low 

  

templates the possibilities of 100 nanolaboratories on a single 
chip. 

Customization at low cost also will be possible with new 
technology. DNA probes located on biochips will permit the in- 
dividualization of a treatment course depending on a person’s 
ability to metabolize a given drug. Such innovations likely will 
cause a cascading demand on development to individualize 
dosage forms. Finally, the rapid and parallel demands placed 
on preformulation will force more decisions to be made using 
artificial intelligence. High-throughput determinations of 
physical properties will result in high quality databases, which 
can in turn be systematically exploited by expert systems. 
Highly accurate predictions of solubility, permeability, and dis- 
solution will be possible in the 21st century. 

Although artificial intelligence is still in its infancy, the ben- 
efits of its applications can be appreciated from a consideration 
of the differences between knowledge and information. A chem- 
ical reaction database, for example, stores information on par- 
ticular reactions. However, it cannot apply this information to 
new molecules. Expert systems, on the other hand, so codify 
knowledge that they can be applied to entirely new situations. 
Knowledge differs from information in that information is ran- 
dom and miscellaneous, and it tends to expand too rapidly and 
overwhelm us. Knowledge, on the other hand, requires that the 
structure of a subject be understood in a way that permits other 
things to be related to it in a meaningful way; it permits intu- 
itive heuristic procedures to be developed to solve problems 
when no algorithms are available. Such applications of artifi- 
cial intelligence, however, are still in the early-stage knowledge 
revolution, in which knowledge is applied to produce results. In 
the postcapitalist society, knowledge will be applied toward 
systematic innovation: “It will be applied systematically and 
purposefully to define what new knowledge is needed, whether 
it is feasible, and what has to be done to make knowledge more 
effective.” 

Knowledge and the productive application of knowledge are 
anticipated to be the sole factors that will drive the postcapi- 
talist society into the 21st century. In the pharmaceutical in- 
dustry, massive diffusion of innovations from discovery into de- 
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lopment will pose an accelerating challenge for preformula- 
tion. To meet this challenge, preformulation, through a better 
understanding of the solid state, must seek to design improved 
characteristics into APIs at the earliest stages of discovery. 
This will be the edge that any company will need to facilitate 
th e rapid movement of new therapeutics entries to market- 
place. The patient is waiting! 
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Oral Solid Dosage Forms 

Edward M Rudnic, PhD 

Joseph B Schwartz, PhD 

Drug substances most frequently are administered orally by 
means of solid dosage forms such as tablets and capsules. 
Large-scale production methods used for their preparation, as 
described later in the chapter, require the presence of other ma- 
terials in addition to the active ingredients. Additives also may 
be included in the formulations to facilitate handling, enhance 
the physical appearance, improve stability, and aid in the de- 
livery of the drug to the bloodstream after administration. 
These supposedly inert ingredients, as well as the production 
methods employed, have been shown in many cases to influence 
the absorption or bioavailability of the drug substances.' There- 
fore, care must be taken in the selection and evaluation of ad- 

ditives and preparation methods to ensure that the drug-deliv- 
ery goals and therapeutic efficacy of the active ingredient(s) 
will not be diminished. 

In a number of cases it has been shown that the drug sub- 
stance’s solubility and other physicochemical characteristics 
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have influenced its physiological availability from a solid dosage 
form. These characteristics include its particle size, whetherit is 
amorphous or crystalline, whether it is solvated or nonsolvated, 
and its crystalline, or polymorphic form. After clinically effective 
formulations are obtained, such variations among dosage units 
of a given batch, as well as batch-to-batch differences, should be 
reduced to a minimum through proper in-process controls and 
good manufacturing practices. The recognition of the importance 
of performance qualification, and validation for both equipment 
and processes has enhanced assurance in the reproducibility of 
solid dosage formulations greatly. It is in these areas that sig- 
nificant progress has been made with the realization that large- 
scale production of a satisfactory tablet or capsule depends not 
only on the availability of a clinically effective formulation but 
also on the raw materials, facilities, personnel, documentation, 
validated processes and equipment, packaging, and the controls 
used during and after preparation (Fig 45-1). 

Tablets may be defined as solid pharmaceutical dosage forms 
containing drug substances with or without suitable diluents 

and have been traditionally prepared by either compression, or 
molding methods. Recently, punching of laminated sheets, elec- 
tronic deposition methods, and three-dimensional printing 
methods have been used to make tablets. Tablets have been in 
widespread use since the latter part of the 19th century, and 
their popularity continues. The term compressed tablet is be- 
lieved to have been used first by John Wyeth and Brother of 
Philadelphia. During this same period, molded tablets were in- 
troduced to be used as hypodermic tablets for the extemporane- 
ous preparation of solutions for injection. Tablets remain popu- 
lar as a dosage form because of the advantages afforded both to 
the manufacturer (eg, simplicity and economy of preparation, 
stability, and convenience in packaging, shipping, and dispens- 
ing) and the patient (eg, accuracy of dosage, compactness, 
portability, blandness of taste, and ease of administration). 

Although the basic mechanical approach for most tablet 

manufacture has remained the same, tablet technology has un- 
dergone great improvement and experimentation. Efforts are 
being made continually to understand more clearly the physi- 
cal characteristics of powder compaction and the factors affect- 
ing the availability of the drug substance from the dosage form 
after oral administration. Tableting equipment continues to 
improve in both production speed and the uniformity of tablets 
compressed. Recent advances in tablet technology have been 
reviewed.” '? 

Although tablets frequently are discoid in shape, they also 
may be round, oval, oblong, cylindrical, or triangular. Other geo- 
metric shapes, such as diamonds and pentagons, and hexagons 
have also been used. They may differ greatly in size and weight 
depending on the amount of drug substance present and the in- 
tended method of administration. Most commercial tablets can be 
divided into two general classes by whether they are made by 
compression or molding. Compressed tablets usually are pre- 
pared by large-scale production methods, while molded tablets 
generally involve small-scale operations. The various tablet types 
and abbreviations used in referring to them are listed below. 

COMPRESSED TABLETS (CT)—These tablets are formed by 

compression and in their simplest form, contain no special coating. They 
are made from powdered, crystalline, or granular materials, alone or in 

combination with binders, disintegrants, controlled-release polymers, 
lubricants, diluents, and in many cases colorants. The vast majority of 
tablets commercialized today are compressed tablets, either in an un- 
coated or coated state. 

Sugar-Coated Tablets (SCT)—These are compressed tablets sur- 
rounded by a sugar coating. Such coatings may be colored and are ben- 
eficial in covering up drug substances possessing objectionable tastes or 
odors and in protecting materials sensitive to oxidation. These coatings 
were once quite common, and generally lost commercial appeal due to 
the high cost of process validation. Recently, they have made a come- 
back due to patient popularity and technical advances. 

Film-Coated Tablets (FCT)—These are compressed tablets that 
are covered with a thin layer or film of a water-soluble material. A num- 

ber of polymeric substances with film-forming properties may be used. 
Film coating imparts the same general characteristics as sugar coating, 
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Figure 45-1. Tablet press operators checking batch record in confor- 

mance with Current Good Manufacturing Practices (courtesy, Lilly). 

with the added advantage of a greatly reduced time period required for 
the coating operation. Advances in material science and polymer chem- 
istry has made these coatings the first-choice of formulators. 

Enteric-Coated Tablets (ECT)—These are compressed tablets 
coated with substances that resist solution in gastric fluid but disinte- 
grate in the intestine. Enteric coatings can be used for tablets contain- 
ing drug substances that are inactivated or destroyed in the stomach, 
for those that irritate the mucosa, or as a means of delayed release of the 
medication. 

Multiple Compressed Tablets (MCT)—These are compressed 
tablets made by more than one compression cycle. This process is best 
used when separation of active ingredients is needed for stability pur- 
poses, or if the mixing process is inadequate to guarantee uniform dis- 
tribution of two or more active ingredients. 

Layered Tablets—Such tablets are prepared by compressing addi- 
tional tablet granulation on a previously compressed granulation. The 
operation may be repeated to produce multilayered tablets of two or 
three, or more layers. Special tablet presses are required to make lay- 
ered tablets such as the Versa press (Stokes / Pennwalt). 

Press-Coated Tablets—Such tablets, also referred to as dry-coated, 
are prepared by feeding previously compressed tablets into a special 
tableting machine and compressing another granulation layer around 
the preformed tablets. They have all the advantages of compressed 
tablets (ie, slotting, monogramming, speed of disintegration) while re- 
taining the attributes of sugar-coated tablets in masking the taste of the 
drug substance in the core tablets. An example of a press-coated tablet 
press is the Manesty Drycota. Press-coated tablets also can be used to 
separate incompatible drug substances; in addition, they can provide a 
means of giving an enteric coating to the core tablets. Both types of mul- 
tiple-compressed tablets have been used widely in the design of pro- 
longed-action dosage forms. 

Controlled-Release Tablets (CRT)—Compressed tablets can be 
formulated to release the drug slowly over a prolonged period of time. 
Hence, these dosage forms have been referred to as prolonged-release or 
sustained-release dosage forms as well. These tablets (as well as capsule 
versions) can be categorized into three types: (1) those that respond to 

some physiological condition to release the drug, such as enteric coat- 
ings; (2) those that release the drug in a relatively steady, controlled 

manner; and (3) those that combine combinations of mechanisms to re- 
lease pulses of drug, such as repeat-action tablets. The performance of 
these systems is described in more detail in Chapter 47. Other names 
for these types of tablets can be: Extended Release, Sustained Release, 
Prolonged Release, Delayed Release, and in the case of pulsatile tablets, 
Repeat Action, Pulsatile Release or Pulse Release. 

Tablets for Solution (CTS)—Compressed tablets to be used for 
preparing solutions or imparting given characteristics to solutions must 
be labeled to indicate that they are not to be swallowed. Examples of 
these tablets are Halazone Tablets for Solution and Potassium Per- 
manganate Tablets for Solution. 

Effervescent Tablets—In addition to the drug substance, these con- 

tain sodium bicarbonate and an organic acid such as tartaric or citric. In 

the presence of water, these additives react, liberating carbon dioxide 

that acts as a distintegrator and produces effervescence. Except for small 
quantities of lubricants present, effervescent tablets are soluble. 

Compressed Suppositories or Inserts—Occasionally, vaginal 
suppositories, such as Metronidazole tablets, are prepared by compres- 
sion. Tablets for this use usually contain lactose as the diluent. In this 
case, as well as for any tablet intended for administration other than by 

swallowing, the label must indicate the manner in which it is to be used. 
Buccal and Sublingual Tablets—These are small, flat, oval 

tablets. Tablets intended for buccal (the space between the lip and gum 
in the mouth) administration by inserting into the buccal pouch may 
dissolve or erode slowly; therefore, they are formulated and compressed 
with sufficient pressure to give a hard tablet. Progesterone tablets may 
be administered in this way. Some newer approaches have employed 
materials that act as bioadhesives to increase absorption of the drug. 

Some other approaches use tablets that melt at body temperatures. 
The matrix of the tablet is solidified while the drug is in solution. After 
melting, the drug is automatically in solution and available for absorp- 
tion, thus eliminating dissolution as a rate-limiting step in the absorp- 
tion of poorly soluble compounds. Sublingual tablets, such as those con- 
taining nitroglycerin, isoproterenol hydrochloride, or erythrityl 
tetranitrate, are placed under the tongue. Sublingual tablets dissolve 
rapidly, and the drug substances are absorbed readily by this form of ad- 
ministration. 

MOLDED TABLETS OR TABLET TRITURATES (TT)—Tablet 
triturates usually are made from moist material, using a triturate mold 

that gives them the shape of cut sections of a cylinder. Such tablets must 
be completely and rapidly soluble. The problem arising from compres- 
sion of these tablets is the failure to find a lubricant that is completely 
water-soluble. 

Dispensing Tablets (DT)—These tablets provide a convenient 
quantity of potent drug that can be incorporated readily into powders 
and liquids, thus circumventing the necessity to weigh small quantities. 
These tablets are supplied primarily as a convenience for extemporane- 
ous compounding and should never be dispensed as a dosage form. 

Hypodermic Tablets (HT)—Hypodermic tablets are soft, readily 
soluble tablets and originally were used for the preparation of solutions 
to be injected. Since stable parenteral solutions are now available for 
most drug substances, there is no justification for the use of hypodermic 
tablets for injection. Their use in this manner should be discouraged, 
since the resulting solutions are not sterile. Large quantities of these 
tablets continue to be made, but for oral administration. No hypodermic 
tablets ever have been recognized by the official compendia. 

  

For medicinal substances, with or without diluents, to be made 
into solid dosage forms with pressure, using available equip- 
ment, it is necessary that the material, either in crystalline or 
powdered form, possess a number of physical characteristics. 
These characteristics include the ability to flow freely, cohe- 
siveness, and lubrication. The ingredients such as disinte- 
grants designed to break the tablet up in gastrointestinal (GI) 
fluids and controlled-release polymers designed to slow drug re- 
lease ideally should possess these characteristics or not inter- 
fere with the desirable performance traits of the other excipi- 
ents. Since most materials have none or only some of these 
properties, methods of tablet formulation and preparation have 
been developed to impart these desirable characteristics to the 
material that is to be compressed into tablets. 

The basic mechanical unit in all tablet-compression equip- 
ment includes a lower punch that fits into a die from the bottom 
and an upper punch, with a head of the same shape and di- 
mensions, which enters the die cavity from the top after the 
tableting material fills the die cavity (Fig 45-2). The tablet is 
formed by pressure applied on the punches and subsequently is 
ejected from the die. The weight of the tablet is determined by 
the volume of the material that fills the die cavity. Therefore, 
the ability of the granulation to flow freely into the die is im- 
portant in ensuring a uniform fill, as well as the continuous 
movement of the granulation from the source of supply or feed 
hopper. If the tablet granulation does not possess cohesive 
properties, the tablet after compression will crumble and fall 
apart on handling. As the punches must move freely within the 

   



  

    

Figure 45-2. Basic mechanical unit for tablet compression: lower punch, 
die, and upper punch (courtesy, Vector/Colton). 

die and the tablet must be ejected readily from the punch faces, 
the material must have a degree of lubrication to minimize fric- 
tion and allow the removal of the compressed tablets. 

There are three general methods typically used for commer- 
cial tablet preparation: the wet-granulation method, the dry- 
granulation method, and direct compression. The method of 
preparation and the added ingredients are selected to give the 
tablet formulation the desirable physical characteristics allow- 
ing the rapid compression of tablets. After compression, the 
tablets must have a number of additional attributes such as ap- 
pearance, hardness, disintegration ability, appropriate dissolu- 
tion characteristics, and uniformity, which also are influenced 

both by the method of preparation and by the added materials 
present in the formulation. In the preparation of compressed 
tablets, the formulator also must be cognizant of the effect that 
the ingredients and methods of preparation may have on the 
availability of the active ingredients and, hence, the therapeutic 
efficacy of the dosage form. In response to a request by physicians 
to change a dicumarol tablet so that it might be broken more eas- 
ily, a Canadian company reformulated to make a large tablet 
with a score. Subsequent use of the tablet, containing the same 
amount of drug substance as the previous tablet, resulted in com- 
plaints that larger-than-usual doses were needed to produce the 
same therapeutic response. On the other hand, literature reports 

indicate that the reformulation of a commercial digoxin tablet re- 
sulted in a tablet that, although containing the same quantity of 
drug substance, gave the desired clinical response at halfits orig- 
inal dose. Methods and principles that can be used to assess the 
effects of excipients and additives on drug absorption have been 
reviewed.>'*!® 

TABLET INGREDIENTS 

In addition to the active or therapeutic ingredient, tablets con- 
tain a number of inert materials. The latter are known as addi- 
tives or excipients. They may be classified according to the part 
they play in the finished tablet. The first group contains those 
that help to impart satisfactory processing and compression 
characteristics to the formulation. These include diluents, 
binders, glidants, and lubricants. The second group of added 
substances helps to give additional desirable physical charac- 
teristics to the finished tablet. Included in this group are disin- 
tegrants, surfactants, colors, and, in the case of chewable 
tablets, flavors, and sweetening agents, and in the case of con- 
trolled-release tablets, polymers or hydrophobic materials, 
such as waxes or other solubility-retarding materials. In some 
cases, anti-oxidants or other materials can be added to improve 
stability and shelf-life. 

Although the term inert has been applied to these added ma- 
terials, it has become apparent that there is an important rela- 
tionship between the properties of the excipients and the 
dosage forms containing them. Preformulation studies demon- 
strate their influence on stability, bioavailability, and the pro- 
cesses by which the dosage forms are prepared. The need for ac- 
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quiring more information and use standards for excipients has 
been recognized in a joint venture of the Academy of Pharma- 
ceutical Sciences and the Council of the Pharmaceutical Society 
of Great Britain. The result is called the Handbook of Pharma- 
ceutical Excipients. This reference now is distributed widely 
throughout the world.'® 

Diluents 

Frequently, the single dose of the active ingredient is small, 
and an inert substance is added to increase the bulk to make 
the tablet a practical size for compression. Compressed tablets 
of dexamethasone contain 0.75 mg steroid per tablet; hence, it 
is obvious that another material must be added to make tablet- 
ing possible. Diluents used for this purpose include dicalcium 
phosphate, calcium sulfate, lactose, cellulose, kaolin, mannitol, 
sodium chloride, dry starch, and powdered sugar. Certain dilu- 
ents, such as mannitol, lactose, sorbitol, sucrose, and inositol, 

when present in sufficient quantity, can impart properties to 
some compressed tablets that permit disintegration in the 
mouth by chewing. Such tablets commonly are called chewable 
tablets. Upon chewing, properly prepared tablets will disinte- 
grate smoothly at a satisfactory rate, have a pleasant taste and 
feel, and leave no unpleasant aftertaste in the mouth. Diluents 
used as excipients for direct compression formulas have been 
subjected to prior processing to give them flowability and com- 
pressibility. These are discussed under Direct Compression. 

Most formulators of immediate-release tablets tend to use 
consistently only one or two diluents selected from the above 
group in their tablet formulations. Usually, these have been se- 
lected on the basis of experience and cost factors. However, in the 
formulation of new therapeutic agents, the compatibility of the 
diluents with the drug must be considered; eg, calcium salts used 
as diluents for the broad-spectrum antibiotic tetracycline have 
been shown to interfere with the drug’s absorption from the GI 
tract. When drug substances have low water solubility, it is rec- 
ommended that water-soluble diluents be used to avoid possible 
bioavailability problems. Highly adsorbent substances (eg, ben- 
tonite and kaolin) are to be avoided in making tablets of drugs 
used clinically in small dosage, such as the cardiac glycosides, al- 
kaloids, and the synthetic estrogens. These drug substances may 
be adsorbed after administration. The combination of amine 
bases with lactose, or amine salts with lactose in the presence of 
an alkaline lubricant results in tablets that discolor on aging. 

Microcrystalline cellulose (Avicel) usually is used as an ex- 
cipient in direct-compression formulas. However, its presence 
in 5-15% concentrations in wet granulations has been shown to 
be beneficial in the granulation and drying processes in mini- 
mizing case-hardening of the tablets and in reducing tablet 
mottling. 

Many ingredients are used for several different purposes, 
even within the same formulation (eg, cornstarch can be used 
in paste form as a binder). When added in drug or suspension 
form, it is a good disintegrant. Even though these two uses are 
to achieve opposite goals, some tablet formulas use cornstarch 
in both ways. In some controlled-release formulas, the polymer 
hydroxypropyl methylcellulose (HPMC) is used both as an aid 
to prolong the release from the tablet as well as a film-former 
in the tablet coating. Therefore, most excipients used in formu- 
lating tablets and capsules have many uses, and a thorough un- 
derstanding of their properties and limitations is necessary to 
use them rationally. 

Binders 

Agents used to impart cohesive qualities to the powdered ma- 
terial are referred to as binders or granulators. They impart a 
cohesiveness to the tablet formulation that ensures the tablet 
remaining intact after compression, as well as improving the 
free-flowing qualities by the formulation of granules of desired 
hardness and size. Materials commonly used as binders include 
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starch, gelatin, and sugars such as sucrose, glucose, dextrose, 
molasses, and lactose. Natural and synthetic gums that have 
been used include acacia, sodium alginate, extract of Irish 
moss, panwar gum, ghatti gum, mucilage of isapol husks, car- 
boxymethylcellulose, methylcellulose, polyvinylpyrrolidone, 
Veegum, and larch arabogalactan. Other agents that may be 
considered binders under certain circumstances are polyethy- 
lene glycol, ethylcellulose, waxes, water, and alcohol. 

The quantity of binder used has considerable influence on 
the characteristics of the compressed tablets. The use of too 
much binder or too strong a binder will make a hard tablet that 
will not disintegrate easily and will cause excessive wear of 
punches and dies. Differences in binders used for CT Tolbu- 
tamide resulted in differences in hypoglycemic effects observed 
clinically. Materials that have no cohesive qualities of their own 
will require a stronger binder than those with these qualities. 
Alcohol and water are not binders in the true sense of the word, 

but because of their solvent action on some ingredients such as 
lactose, starch, and celluloses, they change the powdered mate- 
rial to granules, and the residual moisture retained enables the 
materials to adhere together when compressed. 

Binders are used both as a solution and in a dry form, de- 
pending on the other ingredients in the formulation and the 
method of preparation. However, several pregelatinized 
starches available are intended to be added in the dry form so 
that water alone can be used as the granulating solution. The 
same amount of binder in solution will be more effective than if 
it were dispersed in a dry form and moistened with the solvent. 
By the latter procedure, the binding agent is not as effective in 
reaching and wetting each of the particles within the mass of 
powders. Each of the particles in a powder blend has a coating 
of adsorbed air on its surface, and it is this film that must be 
penetrated before the powders can be wetted by the binder so- 
lution. After wetting, a certain period of time is necessary to 
dissolve the binder completely and make it completely avail- 
able for use. Since powders differ with respect to the ease with 
which they can be wetted and their rate of solubilization, it is 
preferable to incorporate the binding agent in solution. By this 
technique it often is possible to gain effective binding with a 
lower concentration of binder. 

The direct-compression method for preparing tablets re- 
quires a material that is not only free-flowing but also suffi- 
ciently cohesive to act as a binder. This use has been described 
for a number of materials including microcrystalline cellulose, 
microcrystalline dextrose, amylose, and polyvinylpyrrolidone. 
It has been postulated that microcrystalline cellulose is a spe- 
cial form of cellulose fibril in which the individual crystallites 
are held together largely by hydrogen bonding. The disintegra- 
tion of tablets containing the cellulose occurs by breaking the 
intercrystallite bonds by the disintegrating medium. 

STARCH PASTE—Cornstarch is used widely as a binder. 
The concentration may vary from 10% to 20%. It usually is pre- 
pared as it is to be used, by dispersing cornstarch in sufficient 
cold purified water to make a 5-10% w/w suspension and 
warming in a water bath with continuous stirring until a 
translucent paste forms. It has been observed that during paste 
formation, not all of the starch is hydrolyzed. Starch paste then 
is not only useful as a binder, but also as a method to incorpo- 
rate some disintegrant inside the granules. 

GELATIN SOLUTION—Gelatin generally is used as a 
10-20% solution; gelatin solutions should be prepared freshly 
as needed and used while warm or they will solidify. The 
gelatin is added to cold purified water and allowed to stand un- 
til it is hydrated. It then is warmed in a water bath to dissolve 
the gelatin, and the solution is made up to the final volume on 
a weight basis to give the concentration desired. 

CELLULOSIC SOLUTIONS—Various cellulosics have 
been used as binders in solution form. Hydroxypropyl methyl- 
cellulose (HPMC) has been used widely in this regard. Typical 
of a number of cellulosics, HPMC is more soluble in cold water 
than hot. It also is more dispersable in hot water than cold. 
Hence, to obtain a good, smooth gel that is free from lumps or 

fisheyes, it is necessary to add the HPMC in hot, almost boiling 
water and, under agitation, cool the mixture down as quickly as 
possible, as low as possible. Other water-soluble cellulosics 
such as hydroxyethylcellulose (HEC) and hydroxypropylcellu- 
lose (HPC) have been used successfully in solution as binders. 

Not all cellulosics are soluble in water. Ethylcellulose can be 
used effectively when dissolved in alcohol or as a dry binder 
that then is wetted with alcohol. It is used as a binder for ma- 
terials that are moisture-sensitive. 

POLYVINYLPYRROLIDONE—PVP can be used as an 
aqueous or alcoholic solution, and this versatility has in- 
creased its popularity. Concentrations range from 2% and 
vary considerably. 

It will be noted that binder solutions usually are made up to 
weight rather than volume. This is to enable the formulator to 
determine the weight of the solids that have been added to the 
tablet granulation in the binding solution. This becomes part of 
the total weight of the granulation and must be taken into con- 
sideration in determining the weight of the compressed tablet, 
which will contain the stated amount of the therapeutic agent. 

As can be seen by the list of binders in this chapter, most 
modern binders used in solution are polymeric. Because of this, 
the flow or spreadability of these solutions becomes important 
when selecting the appropriate granulating equipment. The 
rheology of polymeric solutions is a fascinating subject in and of 
itself and should be considered for these materials. 

Lubricants 

Lubricants have a number of functions in tablet manufacture. 
They prevent adhesion of the tablet material to the surface of 
the dies and punches, reduce interparticle friction, facilitate 
the ejection of the tablets from the die cavity, and may improve 
the rate of flow of the tablet granulation. Commonly used lu- 
bricants include talc, magnesium stearate, calcium stearate, 
stearic acid, glyceryl behanate, hydrogenated vegetable oils, 
and polyethylene glycol (PEG). Most lubricants, with the ex- 
ception of talc, are used in concentrations below 1%. When used 
alone, talc may require concentrations as high as 5%. Lubri- 
cants are in most cases hydrophobic materials. Poor selection or 
excessive amounts can result in waterproofing the tablets, re- 
sulting in poor tablet disintegration and/or delayed dissolution 
of the drug substance. 

The addition of the proper lubricant is highly desirable if the 
material to be tableted tends to stick to the punches and dies. 
Immediately after compression, most tablets have the tendency 
to expand and will bind and stick to the side of the die. The 
choice of the proper lubricant will overcome this effectively. 

The method of adding a lubricant to a granulation is impor- 
tant if the material is to perform its function satisfactorily. The 
lubricant should be divided finely by passing it through a 60- to 
100-mesh nylon cloth onto the granulation. In production this 
is called bolting the lubricant. After adding the lubricant, the 
granulation is tumbled or mixed gently to distribute the lubri- 
cant without coating the particles too well or breaking them 
down to finer particles. Some research has concluded that the 
order of mixing of lubricants and other excipients can have a 
profound effect on the performance of the final dosage form. 
Thus, attention to the mixing process itself is just as important 
as the selection of lubricant materials. 

These process variables can be seen in the prolonged blend- 
ing ofa lubricant in a granulation. Overblending materially can 
affect the hardness, disintegration time, and dissolution per- 
formance of the resultant tablets. 

The quantity of lubricant varies, being as low as 0.1% and, 
in some cases, as high as 5%. Lubricants have been added to the 
granulating agents in the form of suspensions or emulsions. 
This technique serves to reduce the number of operational pro- 
cedures and thus reduce the processing time. 

In selecting a lubricant, proper attention must be given to its 
compatibility with the drug agent. Perhaps the most widely in- 

   



  

  

vestigated drug is acetylsalicylic acid. Different tales varied sig- 
nificantly the stability of aspirin. Tale with a high calcium con- 
tent and a high loss on ignition was associated with increased 
aspirin decomposition. From a stability standpoint, the relative 
acceptability of tablet lubricants for combination with aspirin 
was found to decrease in the following order: hydrogenated veg- 
etable oil, stearic acid, talc, and aluminum stearate. 

The primary problem in the preparation of a water-soluble 
tablet is the selection of a satisfactory lubricant. Soluble lubri- 
cants reported to be effective include sodium benzoate, a mix- 
ture of sodium benzoate and sodium acetate, sodium chloride, 
leucine, and polyethylene glycol/Carbowax 4000. However, it 
has been suggested that formulations used to prepare water- 
soluble tablets may represent a number of compromises be- 
tween compression efficiency and water solubility. While mag- 
nesium stearate is one of the most widely used lubricants, its 
hydrophobic properties can retard disintegration and dissolu- 
tion. To overcome these waterproofing characteristics, sodium 
lauryl sulfate sometimes is included. One compound found to 
have the lubricating properties of magnesium stearate without 
its disadvantages is magnesium lauryl sulfate. Its safety for use 
in pharmaceuticals has not been established. 

Glidants 

A glidant is a substance that improves the flow characteristics 
of a powder mixture. These materials always are added in the 
dry state just prior to compression (ie, during the lubrication 
step). Colloidal silicon dioxide Cab-o-sil (Cabot) is the most 
commonly used glidant and generally is used in low concentra- 
tions of 1% or less. Talc (asbestos-free) also is used and may 
serve the dual purpose of lubricant/glidant. 

It is especially important to optimize the order of addition 
and the mixing process for these materials, to maximize their 
effect and to make sure that their influence on the lubricant(s) 
is minimized. 

Disintegrants 

A disintegrant is a substance or a mixture of substances added 
to a tablet to facilitate its breakup or disintegration after ad- 
ministration. The active ingredient must be released from the 
tablet matrix as efficiently as possible to allow rapid dissolu- 
tion. Materials serving as disintegrants have been classified 
chemically as starches, clays, celluloses, algins, gums, and 
cross-linked polymers. 

The oldest and still the most popular disintegrants are corn 
and potato starch that have been well dried and powdered. 
Starch has a great affinity for water and swells when moist- 
ened, thus facilitating the rupture of the tablet matrix. How- 
ever, others have suggested that its disintegrating action in 
tablets is due to capillary action rather than swelling; the 
spherical shape of the starch grains increases the porosity of 
the tablet, thus promoting capillary action. Starch, 5%, is sug- 
gested, but if more rapid disintegration is desired, this amount 
may be increased to 10% or 15%. Although it might be expected 
that disintegration time would decrease as the percentage of 
starch in the tablet increased, this does not appear to be the 
case for tolbutamide tablets. In this instance, there appears to 
be a critical starch concentration for different granulations of 
the chemical. When their disintegration effect is desired, 
starches are added to the powder blends in the dry state. 

A group of materials known as super disintegrants have 
gained in popularity as disintegrating agents. The name comes 
from the low levels (2-4%) at which they are completely effec- 
tive. Croscarmellose, crospovidone, and sodium starch glycolate 
represent examples of a cross-linked cellulose, a cross-linked 
polymer, and a cross-linked starch, respectively. 

The development of these disintegrants fostered new theo- 
ries about the various mechanisms by which disintegrants 
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work. Sodium starch glycolate swells 7- to 12-fold in less than 
30 sec. Croscarmellose swells 4- to 8-fold in less than 10 sec. 
The starch swells equally in all three dimensions, while the cel- 
lulose swells only in two dimensions, leaving fiber length es- 
sentially the same. Since croscarmellose is the more efficient 
disintegrating agent, it is postulated that the rate, force, and 
extent of swelling play an important role in those disintegrants 
that work by swelling. Cross-linked PVP swells little but re- 
turns to its original boundaries quickly after compression. 
Wicking, or capillary action, also is postulated to be a major fac- 
tor in the ability of cross-linked PVP to function." 

In addition to the starches, a large variety of materials have 
been used and are reported to be effective as disintegrants. This 
group includes Veegum HV, methylcellulose, agar, bentonite, 
cellulose and wood products, natural sponge, cation-exchange 
resins, alginic acid, guar gum, citrus pulp, and carboxymethyl- 
cellulose.”” Sodium lauryl sulfate in combination with starch 
also has been demonstrated to be an effective disintegrant. In 
some cases the apparent effectiveness of surfactants in improv- 
ing tablet disintegration is postulated as due to an increase in 
the rate of wetting. 

The disintegrating agent usually is mixed with the active in- 
gredients and diluents prior to granulation. In some cases it 
may be advantageous to divide the starch into two portions: one 
part is added to the powdered formula prior to granulation, and 
the remainder is mixed with the lubricant and added prior to 
compression. Incorporated in this manner, the starch serves a 
double purpose; the portion added to the lubricant rapidly 
breaks down the tablet to granules, and the starch mixed with 
the active ingredients disintegrates the granules into smaller 
particles. Veegum has been shown to be more effective as a dis- 
integrator in sulfathiazole tablets when most of the quantity is 
added after granulation and only a small amount before granu- 
lation. Likewise, the montmorillonite clays were found to be 

good tablet disintegrants when added to prepared granulations 
as powder. They are much less effective as disintegrants when 
incorporated within the granules. 

Factors other than the presence of disintegrants can affect 
the disintegration time of compressed tablets significantly. The 
binder, tablet hardness, and the lubricant have been shown to 
influence the disintegration time. Thus, when the formulator is 
faced with a problem concerning the disintegration of a com- 
pressed tablet, the answer may not lie in the selection and 
quantity of the disintegrating agent alone. 

The evolution of carbon dioxide is also an effective way to 
cause the disintegration of compressed tablets. Tablets con- 
taining a mixture of sodium bicarbonate and an acidulant such 
as tartaric or citric acid will effervesce when added to water. 
Sufficient acid is added to produce a neutral or slightly acidic 
reaction when disintegration in water is rapid and complete. 
One drawback to the use of the effervescent type of disintegra- 
tor is that such tablets must be kept in a dry atmosphere at all 
times during manufacture, storage, and packaging. Soluble, ef- 
fervescent tablets provide a popular form for dispensing aspirin 
and noncaloric sweetening agents. 

Coloring Agents 

Colors in compressed tablets serve functions other than making 
the dosage form more esthetic in appearance. Color helps the 
manufacturer to control the product during its preparation, as 
well as serving as a means of identification to the user. The wide 
diversity in the use of colors in solid dosage forms makes it pos- 
sible to use color as an important category in the identification 
code developed by the AMA to establish the identity of an un- 
known compressed tablet in situations arising from poisoning. 

All colorants used in pharmaceuticals must be approved and 
certified by the FDA. For several decades colorants have been 
subjected to rigid toxicity standards, and as a result, a number 
of colorants have been removed from an approved list of Food, 
Drug and Cosmetic Act (FD&C) colors, or delisted. Several have 
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Table 45-1. Colors Approved for Use in the US in Oral Dosage Forms®” 
  

  
COLOR INDEX 

COLOR OTHER NAMES (C11971) USE RESTRICTION (US) 

FD&C Red 40 Allura red 16035 FDA certification on each lot of dye 
D&C Red 33 Acid fuchsin D 17200 ADI 0-0.76 mg 

Naphtalone red B 
D&C Red 36 ADI 0-1.0 mg 
Canthaxanthinin Food orange 8 40850 None 
D&C Red 22 Eosin Y 45380 FDA certification on each lot of dye 
D&C Red 28 Phloxine B 45410 FDA certification on each lot of dye 
D&C Red 3 Erythrosine 45430 FDA certification on each lot of dye 
Cochineal extract Natural red 4 75470 None 

Carmine 
Iron oxide—red _— 77491 ADI 0-5 mg elemental iron 
FD&C Yellow 6 Sunset yellow FCF 15985 None 

Yellow orange 5 
FD&C Yellow 5 Tartrazine 19140 Label declaration and FDA certification on each lot of dye 
D&C Yellow 10 Quinoline yellow WS 47005 FDA certification on each lot of dye 
Beta-carotene —_ 40800 
Iron oxide—yellow _— 77492 ADI 0-5 mg elemental iron 
FD&C BLue 1 Brilliant blue FCF 42090 FDA certification on each lot of dye 
FD&C Blue 2 Indigotine 73015 None 

Indigo carmine 
FD&C Green 3 Fast green FCF 42035 FDA certification on each lot of dye 
Iron oxide—black _— 77499 ADI 0-5 mg elemental iron 
Caramel Burnt sugar — None 
Titanium dioxide _— 77891 None 
  
? Abbreviations: ADI, acceptable daily intake (per kg body weight); Cl, color index numbers of 1971 (US); D&C, Drug and Cosmetic Dyes (US); FD&C, Food, 
Drug and Cosmetic Dyes (US); FDA, Food and Drug Administration (US). 
® As of February, 1988 and subject to revision. 

been listed as well. The colorants currently approved in the US 
are listed in Table 45-1. Each country has its own list of ap- 
proved colorants, and formulators must consider this in design- 
ing products for the international market.?' 

Any of the approved, certified, water-soluble FD&C dyes, 
mixtures of the same, or their corresponding lakes may be used 
to color tablets. A color lake is the combination by adsorption of 
a water-soluble dye to a hydrous oxide of a heavy metal result- 
ing in an insoluble form of the dye. In some instances multiple 
dyes are used to give a purposefully heterogeneous coloring in 
the form of speckling to compressed tablets. The dyes available 
do not meet all the criteria required for the ideal pharmaceuti- 
cal colorants. The photosensitivity of several of the commonly 
used colorants and their lakes has been investigated, as well as 
the protection afforded by a number of glasses used in packag- 
ing tablets. 

Another approach for improving the photostability of dyes 
has been in the use of ultraviolet-absorbing chemicals in the 
tablet formulations with the dyes. The Di-Pac line (Amstar) is a 
series of commercially available colored, direct-compression 
sugars. 

The most common method of adding color to a tablet formu- 
lation is to dissolve the dye in the binding solution prior to the 
granulating process. Another approach is to adsorb the dye on 
starch or calcium sulfate from its aqueous solution; the resul- 
tant powder is dried and blended with the other ingredients. If 
the insoluble lakes are used, they may be blended with the 
other dry ingredients. Frequently during drying, colors in wet 
granulations migrate, resulting in an uneven distribution of the 
color in the granulation. After compression, the tablets will 
have a mottled appearance due to the uneven distribution of 
the color. Migration of colors may be reduced by drying the 
granulation slowly at low temperatures and stirring the granu- 
lation while it is drying. The affinity of several water-soluble, 
anionic, certified dyes for natural starches has been demon- 
strated; in these cases this affinity should aid in preventing 
color migration. 

Other additives have been shown to act as dye-migration in- 
hibitors. Tragacanth (1%), acacia (3%), attapulgite (5%), and 
talc (7%) were effective in inhibiting the migration of FD&C 
Blue No 1in lactose. In using dye lakes, the problem of color mi- 

gration is avoided since the lakes are insoluble. Prevention of 
mottling can be helped also by the use of lubricants and other 
additives that have been colored similarly to the granulation 
prior to their use. The problem of mottling becomes more pro- 
nounced as the concentration of colorants increases. Color mot- 
tling is an undesirable characteristic common to many com- 
mercial tablets. 

Flavoring Agents 

In addition to the sweetness that may be afforded by the dilu- 
ent of the chewable tablet, eg, mannitol or lactose, artificial 
sweetening agents may be included. Formerly, the cyclamates, 
either alone or in combination with saccharin, were used 
widely. With the banning of the cyclamates and the indefinite 
status of saccharin, new natural sweeteners are being sought. 
Aspartame (Pfizer), has found applications in pharmaceutical 
formulations. Sweeteners other than the sugars have the ad- 
vantage of reducing the bulk volume, considering the quantity 
of sucrose required to produce the same degree of sweetness. 
Being present in small quantities, they do not affect markedly 
the physical characteristics of the tablet granulation. 

POWDER COMPACTION 

Compressed tablets became a commercially viable and efficient 
dosage form with the invention of tablet machines. In 1843 
William Brockendon, a British inventor, author, artist, and 
watchmaker, received British Patent #9977 for Shaping Pills, 
Lozenges, and Black Lead by Pressure in Dies.*” In over 150 
years of tablet manufacture, the basic process has not changed. 
Surprisingly, improvements have been made only with regards 
to speed of manufacture and quality control. 

The process of compaction has several identifiable phases. 
As can be seen in Figure 45-3, when powders undergo compres- 
sion (a reduction in volume), the first process to occur is a con- 
solidation of the powders. During this consolidation phase, the 
powder particles adopt a more efficient packing order. The sec- 
ond phase of the compaction process is elastic, or reversible de- 
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Figure 45-3. The stages of powder compaction. 

formation. If the force were to be removed during this phase, 
the powder would recover completely to the efficiently packed 
state. For most pharmaceutical powders, this phase is very 
short in duration and very difficult to identify on most instru- 
mented tablet presses. The third phase of compaction is plastic, 
or irreversible, deformation of the powder bed. It is this phase 
of the compaction process that is the most critical in tablet for- 
mation. If too much force is applied to the powder, brittle frac- 
ture occurs. If the force was applied too quickly, fracture and 
de-bonding during stress relaxation can occur. 

In 1950, Stewart reported on the importance of plastic flow 
and suggested that if a material has significant plastic flow un- 
der compression, it will be more likely to form a compact.?? 
David and Augsburger evaluated stress-relaxation data, using 
the Maxwell model of viscoelastic behavior in an attempt to 
quantify the rate of plastic deformation of some direct com- 
pression excipients.?* Jones has used the term contact time to 
describe the total time for which a moving punch applies a de- 
tectable force to the die contents during the compression and 
decompression event, excluding ejection.? 

Rees and Rue evaluated three parameters: stress relation 
during compaction, effect of contact time on tablet density, 
and rate of application of diametrical compression on tablet 
deformation.” 

Jones?” outlined numerous techniques to evaluate the com- 
pactability of powders. Because of the completeness of his re- 
view, these parameters are discussed below. 
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Tablet Strength—Compression 
Pressure Profile 

Most formulators use tablet hardness, or tensile strength, as a 

measure of the cohesiveness of a tablet. With even the simplest 
of instrumented tablet presses, it is possible to plot tensile 
strength versus the force applied to the tablet. Figure 45-4 il- 
lustrates such a plot. These plots can be useful in identifying 
forces that can cause fracture and can lead to a quick, tangible 
assessment of the compatibility of the formulation. However, 
there are many limitations to this method, as these plots can- 
not predict lamination or capping. In addition, the cohesiveness 
of a tablet can change upon storage, in either a positive or neg- 
ative direction. 

Tablet Friability 

This test is discussed later in the chapter, and there have been 
many suggestions about how they should be performed. Many 
formulators believe this is an important indicator of cohesive- 
ness but is of limited value in predicting failure in the field. 

Changes in Bed Density during 
Compression 

As applied stress (force) increases, elastic and plastic deforma- 
tion of the particles occurs, which results in plastic flow and a 
reduction in inter- and intraparticulate void spaces. This low- 
ers the overall compact density. 

For highly cohesive systems, the reduction in void space may 
yield a compact of sufficient strength for insertion into a cap- 
sules shell. However, the inherent cohesiveness for most drugs 
and excipients is not suitable alone for tablet manufacture. 

The Heckel equation is given below; K can be considered 
equal to the reciprocal of the mean yield pressure, and A is a 
function of the original compact volume and is related to the 
densification and particle rearrangement prior to bonding. 

Log [1/(1 —D)]=KP +A 

where D is the relative density at pressure P, and K and A are 
constants. 

Hersey and Rees? have classified Heckel plots into two cat- 
egories. Figure 45-5 shows both types of Heckel plots. Type 2 
differs from Type 1 in that above a certain pressure a single lin- 
ear relationship occurs irrespective of the initial bed density. 
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Figure 45-5. Heckel plots. A: Type I. B: Type Il. (From Jones TM. Acta 

Pharm Tech 1978.) 

This is independent of particle size and is probable due to frag- 
mentation of particles and their subsequent compaction by 
plastic deformation. For Type 1 materials, no such fracture oc- 
curs, but adjacent particles simply deform plastically. 

The pressure at which the plots transition to a linear portion 
is approximately equal to the minimum pressure required to 
form a coherent compact. 

Changes in Surface Area During 
Compression 

Bulk powders change their state of packing during compaction, 
and individual particles fracture and/or plastically deform. 
During this process, the surface area of the powders and the 
compact in whole, changes. Conventional nitrogen absorption 
techniques can estimate these changes. Although this can be te- 
dious, these measurements can give a means of examining lam- 
ination tendency. 

Stress Relaxation 

The experimental technique consists of holding the compres- 
sion process at a point of maximum compression and observing 
the compression force over various periods of time. By increas- 

ing the duration of this period (dwell time), plastic flow is max- 
imized, and tablet strength increases. 

Stress Transmissions during Compression 

If the stresses in the upper punch, lower punch, and die wall are 
monitored, as in Figure 45-6, a general plot can be constructed 
showing the relationship between these forces. The elastic limit 
is reached at point A. At point B, the applied force is released, 
and the transmitted force on the wall of the die falls rapidly. 
The upper punch ceases to contact the powder/compact at point 
C, where the transmitted force falls rapidly to a residual force, 
point D. The force needed to eject the tablet from the die must 
be greater than the residual force holding it to the sides of the 
die. Therefore, residual forces tend to be proportional to ejec- 
tion forces. In addition, these plots can give a good assessment 
of the elastic component of the compaction process of a powder. 

Work and Compaction 

Force-displacement (¥-D) curves are useful in determining the 
work involved in forming a compact. Curves, such as shown in 
Figure 45-7,% represent the work of the compression process, 
but all compacts expand somewhat during decompression, and 
this force is transferred back to the punch. Therefore, by per- 
forming a second compression of the compact, the second result 
can be subtracted from the first for a corrected F-D curve. The 
corrected curve represents the work associated with plastic de- 
formation during powder compaction, as well as a determina- 
tion of the work of friction of the die wall and the work of elas- 
tic deformation. 

GRANULATION METHODS 

Wet Granulation 

The most widely used and most general method of tablet prepa- 
ration is the wet-granulation method. Its popularity is due to 
the greater probability that the granulation will meet all the 
physical requirements for the compression of good tablets. Its 
chief disadvantages are the number of separate steps involved, 
as well as the time and labor necessary to carry out the proce- 
dure, especially on a large scale. The steps in the wet method 
are weighing, mixing, granulation, screening the damp mass, 
drying, dry screening, lubrication, and compression. The equip- 
ment involved depends on the quantity or size of the batch. The 
active ingredient, diluent, and disintegrant are mixed or 
blended well. For small batches the ingredients may be mixed 
in stainless steel bowls or mortars. Small-scale blending also 
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Figure 45-6. Transmitted stresses during tablet compaction. 
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Figure 45-7. Typical forces. A: Displacement (F-D) curve; B: displacement 
(F-D), second compression. (From Jones TM. Acta Pharm Tech 1978.) 

can be carried out on a large piece of paper by holding the op- 
posite edges and tumbling the material back and forth. The 
powder blend may be sifted through a screen of suitable fine- 
ness to remove or break up lumps. This screening also affords 
additional mixing. The screen selected always should be of the 
same type of wire or cloth that will not affect the potency of the 
ingredients through interaction. For example, the stability of 
ascorbic acid is affected deleteriously by even small amounts of 
copper, thus care must be taken to avoid contact with copper or 
copper-containing alloys. 

For larger quantities of powder, the Patterson-Kelley twin- 
shell blender and the double-cone blender offer a means of pre- 
cision blending and mixing in short periods of time (Fig 45-8). 
Twin-shell blenders are available in many sizes from labora- 
tory models to large production models. Planetary mixers (eg, 
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Figure 45-8. Twin-shell blender for solids or liquid-solids blending (cour- 
tesy, Patterson-Kelley). 

the Glen mixer and the Hobart mixer) have served this function 
in the pharmaceutical industry for many years (Fig 45-9). On a 

large scale, ribbon blenders also are employed frequently and 
may be adapted for continuous-production procedures. Mass 
mixers of the sigma-blade type have been used widely in the 
pharmaceutical industry. 

Highly popular are the high-speed, high-shear mixers such 
as the Diosna, Fielder, Lodige/Littleford, and Baker-Perkins. 
For these mixers a full range of sizes are available. The pro- 
cessing of granulations in these machines is generally faster 
than in conventional granulators. However, control over the 
process is critical, and scale-up issues may become extremely 
important.’ Fluid-bed granulation (discussed below) also is 
gaining wide acceptance in the industry. For both of these types 
of processing, slight modifications to the following procedures 
are required. 

  
Figure 45-9. The Glen powder mixer (courtesy, Am Machine). 
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Figure 45-10. Rotary granulator and sifter (courtesy, Vector/Colton). 

Solutions of the binding agent are added to the mixed pow- 
ders with stirring. The powder mass is wetted with the binding 
solution until the mass has the consistency of damp snow or 
brown sugar. If the granulation is over-wetted, the granules 
will be hard, requiring considerable pressure to form the 
tablets, and the resultant tablets may have a mottled appear- 
ance. If the powder mixture is not wetted sufficiently, the re- 
sulting granules will be too soft, breaking down during lubrica- 
tion and causing difficulty during compression. 

The wet granulation is forced through a 6- or 8-mesh screen. 
Small batches can be forced through by hand using a manual 
screen. For larger quantities, one of several comminuting mills 
suitable for wet screening can be used. These include the Stokes 
oscillator, Colton rotary granulator, Fitzpatrick comminuting 
mill, or Stokes tornado mill. See Figure 45-10. In comminuting 
mills the granulation is forced through the sieving device by ro- 
tating hammers, knives, or oscillating bars. Most high-speed 
mixers are equipped with a chopper blade that operates inde- 
pendently of the main mixing blades and can replace the wet 
milling step, ie, can obviate the need for a separate operation. 

For tablet formulations in which continuous production is 
justified, extruders such as the Reitz extruder have been 
adapted for the wet-granulation process. The extruder consists 
of a screw mixer with a chamber where the powder is mixed 
with the binding agent, and the wet mass gradually is forced 
through a perforated screen, forming threads of the wet granu- 
lation. The granulation then is dried by conventional methods. 
A semiautomatic, continuous process using the Reitz extruder 
has been described for the preparation of the antacid tablet 
Gelusil (Warner-Lambert | Pfizer). 

Moist material from the wet milling step traditionally was 
placed on large sheets of paper on shallow wire trays and placed 
in drying cabinets with a circulating air current and thermo- 
static heat control. See Figure 45-11. While tray drying was the 
most widely used method of drying tablet granulations in the 
past, fluid-bed drying is now considered the standard. In drying 
tablet granulation by fluidization, the material is suspended 
and agitated in a warm air stream while the granulation is 
maintained in motion. Drying tests comparing the fluidized bed 

and a tray dryer for a number of tablet granulations indicated 
that the former was 15 times faster than the conventional 
method of tray drying. In addition to the decreased drying time, 
the fluidization method is claimed to have other advantages 
such as better control of drying temperatures, decreased han- 
dling costs, and the opportunity to blend lubricants and other 
materials into the dry granulation directly in the fluidized bed. 
See Figure 45-12% 

The application of microwave drying and infrared drying to 
tablet granulations has been reported as successful for most 
granulations tried. These methods readily lend themselves to 
continuous granulation operations. The study of drying meth- 
ods for tablet granulations led to the development of the Rovac 
dryer system by Ciba/Novartis pharmacists and engineers. The 
dryer is similar in appearance to the cone blender except for the 
heating jacket and vacuum connections. By excluding oxygen 
and using the lower drying temperatures made possible by dry- 
ing in a vacuum, opportunities for degradation of the ingredi- 
ents during the drying cycle are minimized. A greater unifor- 
mity of residual moisture content is achieved because of the 
moving bed, controlled temperature, and controlled time period 
of the drying cycle. Particle-size distribution can be controlled 
by varying the speed of rotation and drying temperature as well 
as by comminuting the granulation to the desired granule size 
after drying. 

In drying granulations it is desirable to maintain a residual 
amount of moisture in the granulation. This is necessary to 
maintain the various granulation ingredients, such as gums, 
in a hydrated state. Also, the residual moisture contributes to 
the reduction of the static electric charges on the particles. In 
the selection of any drying process, aneffort is made to obtain a 
uniform moisture content. In addition to the importance of 
moisture content of the granulation in its handling during the 
manufacturing steps, the stability of the products containing 
moisture-sensitive active ingredients may be related to the 
moisture content of the products. 

Previously it was indicated that water-soluble colorants can 
migrate toward the surface of the granulation during the drying 
process, resulting in mottled tablets after compression. This is 
also true for water-soluble drug substances, resulting in tablets 
unsatisfactory as to content uniformity. Migration can be re- 
duced by drying the granulation slowly at low temperatures or 
using a granulation in which the major diluent is present as 
granules of large particle size. The presence of microcrystalline 
cellulose in wet granulations also reduces migration tendencies. 

After drying, the granulation is reduced in particle size by 
passing it through a smaller-mesh screen. Following dry 
screening, the granule size tends to be more uniform. For dry 
granulations the screen size to be selected depends on the di- 
ameter of the punch. The following sizes are suggested: 

Tablets up to %: inch diameter, use 20-mesh 
Tablets 7%: to ¥s inch, use 16-mesh 
Tablets '%: to '%: inch, use 14-mesh 
Tablets %s inch and larger, use 12-mesh 

For small amounts of granulation, hand screens may be used 
and the material passed through with the aid of a stainless steel 
spatula. With larger quantities, any of the comminuting mills 
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Figure 45-11. Cross-section of tray dryer. 
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Figure 45-12. Three versions of fluidized-bed granulation and drying. A: 
Top-spray method used in conventional fluid-bed granulation coaters; B: 
bottom-spray method used in Wurster air- suspension columns; C: tan- 
gential-spray method used in rotary fluid-bed coaters/granulators. (Cour- 
tesy, Aster Publ, adapted from Mehta AM. Pharm Technol 1988; 12:46.) 
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with screens corresponding to those just mentioned may be 
used. Note that the smaller the tablet, the finer the dry granu- 
lation to enable more uniform filling of the die cavity; large gran- 
ules give an irregular fill to a comparatively small die cavity. 
With compressed tablets of sodium bicarbonate, lactose, and 

magnesium trisilicate, a relationship has been demonstrated 
between the particle size of the granulated material and the dis- 
integration time and capping of the resultant tablets. For a sul- 
fathiazole granulation, however, the particle-size distribution 
did not appear to influence hardness or disintegration. 

After dry granulation, the lubricant is added as a fine pow- 
der. It usually is screened onto the granulation through 60- or 
100-mesh nylon cloth to eliminate small lumps as well as to in- 
crease the covering power of the lubricant. As it is desirable for 
each granule to be covered with the lubricant, the lubricant is 
blended with the granulation very gently, preferably in a 
blender using a tumbling action. Gentle action is desired to 
maintain the uniform granule size resulting from the granula- 
tion step. It has been claimed that too much fine powder is not 
desirable because fine powder may not feed into the die evenly; 
consequently, variations in weight and density result. Fine 
powders, commonly designated as fines, also blow out around 
the upper punch and down past the lower punch, making it nec- 
essary to clean the machine frequently. Fines, however, at a 
level of 10-20%, traditionally are sought by the tablet formula- 
tor. The presence of some fines is necessary for the proper fill- 
ing of the die cavity. Now, even higher concentrations of fines 
are used successfully in tablet manufacture. Most investigators 
agree that no general limits exist for the amount of fines that 
can be present in a granulation; it must be determined for each 
specific formula. 

Many formulators once believed (and some still believe) that 
overblending resulted in an increased amount of fines and, 
hence, caused air entrapment in the formula. The capping and 
laminating of tablets associated with overblending lubricants 
was thought to be caused by these air pockets. Most scientists 
now recognize that a more plausible explanation has to do with 
the function of the lubricants themselves. Since the very nature 
of a lubricant tends to make surfaces less susceptible to adhe- 
sion, overblending prevents the intergranular bonding that 
takes place during compaction. 

Fluid-Bed Granulation 

A new method for granulating evolved from the fluid-bed dry- 
ing technology described earlier. The concept was to spray a 
granulating solution onto the suspended particles, which then 
would be dried rapidly in the suspending air. The main benefit 
from this system is the rapid granulation and drying of a batch. 
The two main firms that developed this technology are Glatt 
and Aeromatic (now NIRO). The design of these systems is ba- 
sically the same with both companies (see Fig 45-12). In this 
method, particles of an inert material or the active drug are 
suspended in a vertical column with a rising air stream; while 
the particles are suspended, the common granulating materials 
in solution are sprayed into the column. There is a gradual par- 
ticle buildup under a controlled set of conditions resulting in a 
tablet granulation that is ready for compression after the addi- 
tion of the lubricant. An obvious advantage exists, since granu- 
lating and drying can take place in a single piece of equipment. 
It should be noted, however, that many of the mixers discussed 
previously can be supplied with a steam jacket and vacuum and 
can provide the same advantage. 

In these systems a granulating solution or solvent is sprayed 
into or onto the bed of suspended particles. The rate of addition 
of the binder, temperature in the bed of particles, temperature 
of the air, volume, and moisture of the air all play an important 
role in the quality and performance of the final product. Many 
scientists feel that this method is an extension of the wet-gran- 
ulation method, as it incorporates many of its concepts. How- 
ever anyone who has developed a formulation in a fluid-bed 
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system knows that the many operating parameters involved 
make it somewhat more complex.?' In addition to its use for the 
preparation of tablet granulations, this technique also has been 
proposed for the coating of solid particles as a means of im- 
proving the flow properties of small particles. Researchers have 
observed that, in general, fluid-bed granulation yields a less 
dense particle than conventional methods, and this can affect 
subsequent compression behavior. A large-scale fluid-bed gran- 
ulation process has been described for Tylenol (McNeil). Meth- 
ods for the preparation of compressed tablets have been re- 
viewed in the literature.?” 

The Merck facility at Elkton, VA was the first completely au- 
tomated tablet production facility in the world. The entire 
tablet-manufacturing process based on a wet-granulation 
method was computer-controlled. By means of a computer, the 
system weighed the ingredients, blended, granulated, dried, 
and lubricated to prepare a uniform granulation of specified 
particle size and particle-size distribution. The computer di- 
rected the compression of the material into tablets with exact- 
ing specifications for thickness, weight, and hardness. After 
compression, the tablets were coated with a water-based film 

coating. The computer controlled and monitored all flow of ma- 
terial. The plant represented the first totally automated phar- 
maceutical manufacturing facility. However, due to shifting 
market trends and the burdens of process validation and 
changes to processes, totally automated processes are generally 
not used today. Instead, many production operations focus on 
computer-controlled and monitored unit operations, such as 
seen in various tableting machines and granulators today. See 
Figure 45-13. 

Equipment suppliers work closely with individual pharma- 
ceutical companies in designing specialized and unique 
systems. 

Dry Granulation 

When tablet ingredients are sensitive to moisture or are unable 
to withstand elevated temperatures during drying, and when 
the tablet ingredients have sufficient inherent binding or cohe- 
sive properties, slugging may be used to form granules. This 
method is referred to as dry granulation, precompression, or 
double-compression. It eliminates a number of steps but still in- 
cludes weighing, mixing, slugging, dry screening, lubrication, 
and compression. The active ingredient, diluent (if required), 
and part of the lubricant are blended. One of the constituents, 
either the active ingredient or the diluent, must have cohesive 
properties. Powdered material contains a considerable amount 
of air; under pressure this air is expelled, and a fairly dense 
piece is formed. The more time allowed for this air to escape, 
the better the tablet or slug. 

When slugging is used, large tablets are made as slugs be- 
cause fine powders flow better into large cavities. Also, produc- 
ing large slugs decreases production time; 7/8 to 1 in are the 
most practical sizes for slugs. Sometimes, to obtain the pres- 
sure that is desired the slug sizes are reduced to 3/4 in. The 
punches should be flat-faced. The compressed slugs are com- 
minuted through the desirable mesh screen either by hand or, 
for larger quantities, through the Fitzpatrick or similar com- 
minuting mill. The lubricant remaining is added to the granu- 
lation and blended gently, and the material is compressed 
into tablets. Aspirin is a good example of where slugging is 
satisfactory. Other materials such as aspirin combinations, 
acetaminophen, thiamine hydrochloride, ascorbic acid, magne- 
sium hydroxide, and other antacid compounds may be treated 
similarly. 

Results comparable to those accomplished by the slugging 
process also are obtained with compacting mills. In the com- 

  
Figure 45-13. Fixed automated processes in the 1980s have given way to flexible micro-processor controlled unit operations. a. Computer control room 
for the first large-scale computer-controlled tablet manufacturing facility (courtesy, Merck). 
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Figure 45-13. (continued) b. Computer-controlled/monitored coating. 

paction method the powder to be densified passes between 
high-pressure rollers that compress the powder and remove the 
air. The densified material is reduced to a uniform granule size 
and compressed into tablets after the addition of a lubricant. 
Excessive pressures that may be required to obtain cohesion of 
certain materials may result in a prolonged dissolution rate. 
Compaction mills available include the Chilsonator (Fitz- 
patrick), Roller Compactor (Vector), and the Compactor Mill 
(Allis-Chalmers). 

Direct Compression 

As its name implies, direct compression consists of compressing 
tablets directly from powdered material without modifying the 

physical nature of the material itself. Formerly, direct com- 
pression as a method of tablet manufacture was reserved for a 
small group of crystalline chemicals having all the physical 
characteristics required for the formation of a good tablet. This 
group includes chemicals such as potassium salts (chlorate, 
chloride, bromide, iodide, nitrate, permanganate), ammonium 
chloride, and methenamine. These materials possess cohesive 
and flow properties that make direct compression possible. 

Since the pharmaceutical industry constantly is making 
efforts to increase the efficiency of tableting operations and re- 
duce costs by using the smallest amount of floor space and la- 
bor as possible for a given operation, increasing attention is 
being given to this method of tablet preparation. Approaches 
being used to make this method more universally applicable in- 
clude the introduction of formulation additives capable of im- 
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Figure 45-13. (continued) ¢. Computer-controlled/monitored granulation. 

parting the characteristics required for compression and the 
use of force-feeding devices to improve the flow of powder 
blends. 

For tablets in which the drug itself constitutes a major por- 
tion of the total tablet weight, it is necessary that the drug pos- 
sess those physical characteristics required for the formulation 
to be compressed directly. Direct compression for tablets con- 
taining 25% or less of drug substances frequently can be used 
by formulating with a suitable diluent that acts as a carrier or 
vehicle for the drug.?*3* 

Direct-compression vehicles or carriers must have good flow 
and compressible characteristics. These properties are im- 
parted to them by a preprocessing step such as wet granulation, 
slugging, spray drying, spheronization, or crystallization. 
These vehicles include processed forms of most of the common 
diluents including dicalcium phosphate dihydrate, tricalcium 

phosphate, calcium sulfate, anhydrous lactose, spray-dried lac- 
tose, pregelatinized starch, compressible sugar, mannitol, and 
microcrystalline cellulose. These commercially available direct- 
compression vehicles may contain small quantities of other in- 
gredients (eg, starch) as processing aids. Dicalcium phosphate 
dihydrate (Di-Tab, Stauffer) in its unmilled form has good flow 
properties and compressibility. It is a white, crystalline ag- 
glomerate insoluble in water and alcohol. The chemical is odor- 
less, tasteless, and nonhygroscopic. Since it has no inherent lu- 
bricating or disintegrating properties, other additives must be 
present to prepare a satisfactory formulation. 

Compressible sugar consists mainly of sucrose that is pro- 
cessed to have properties suitable for direct compression. It also 
may contain small quantities of dextrin, starch, or invert sugar. 
It is a white crystalline powder with a sweet taste and complete 
water solubility. It requires the incorporation of a suitable lu- 
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Figure 45-13. (continued) d. Computer-controlled/monitored tableting. 

bricant at normal levels for lubricity. The sugar is used widely 
for chewable vitamin tablets because of its natural sweetness. 
One commercial source is Di-Pac (Amstar) prepared by the 
cocrystallization of 97% sucrose and 3% dextrins. Some forms of 
lactose meet the requirements for a direct-compression vehicle. 
Hydrous lactose does not flow, and its use is limited to tablet 
formulations prepared by the wet-granulation method. Both 
anhydrous lactose and spray-dried lactose have good flowabil- 
ity and compressibility and can be used in direct compression 
provided a suitable disintegrant and lubricant are present. 
Mannitol is a popular diluent for chewable tablets because of its 
pleasant taste and mouth feel resulting from its negative heat 
of solution. In its granular form (ICI Americas) it has good flow 
and compressible qualities. It has a low moisture content and is 
not hygroscopic. 

The excipient that has been studied extensively as a direct 
compression vehicle is microcrystalline cellulose (Avicel, FMC). 
This nonfibrous form of cellulose is obtained by spray-drying 
washed, acid-treated cellulose and is available in several 
grades that range in average particle size from 20 to 100 pm. It 
is water-insoluble, but the material has the ability to draw fluid 
into a tablet by capillary action; it swells on contact and thus 
acts as a disintegrating agent. The material flows well and has 
a degree of self-lubricating qualities, thus requiring a lower 
level of lubricant than other excipients. 

Forced-flow feeders are mechanical devices, available from 
pharmaceutical equipment manufacturers, designed to deaer- 
ate light and bulky material. Mechanically, they maintain 
a steady flow of powder moving into the die cavities under 
moderate pressure. By increasing the density of the powder, 

higher uniformity in tablet weights is obtained. See Fig- 
ure 45-14. 

Recently, many companies have reversed their optimism for 
some direct-compression systems. Some formulations made by 
direct compression were not as forgiving as the older wet-gran- 
ulated products were. As raw material variations occurred, es- 
pecially with the drug, many companies found themselves with 
poorly compactable formulations. Interest in direct compres- 
sion also is stimulating basic research on the flowability of pow- 
ders with and without additives. 

Related Granulation Processes 

SPHERONIZATION—Spheronization, a form of pelletiza- 
tion, refers to the formation of spherical particles from wet 
granulations. Since the particles are round, they have good flow 
properties when dried. They can be formulated to contain suffi- 
cient binder to impart cohesiveness for tableting. Spheroniza- 
tion equipment such as the Marumerizer (Luwa) and the CF- 
Granulator (Vector) are commercially available for small-scale 
manufacture, on up to commercial sized equipment. A wet 
granulation containing the drug substance, diluent (if re- 
quired), and binder, is passed first through an extruding ma- 
chine to form rod-shaped cylindrical segments ranging in di- 
ameter from 0.5 to 12 mm. The segment diameter and the size 
of the final spherical particle depend on the extruder screen 
size. After extrusion the segments are placed into the 
Marumerizer where they are shaped into spheres by centrifu- 
gal and frictional forces on a rotating plate (see Fig 45-15). The 
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Figure 45-14. Feeding devices designed to promote flow of granulations 

for high-speed machines (courtesy, Stokes/Pennwalt). 

pellets then are dried by conventional methods, mixed with 
suitable lubricants, and compressed into tablets or used as cap- 
sule-fill material. Microcrystalline cellulose has been shown to 
be an effective diluent and binder in granulations to be 
spheronized.?® The advantages of the process include the 
production of granules, regular in shape, size, and surface char- 
acteristics; low friability resulting in fewer fines and less dust; 
and the ability to regulate the size of the spheres within a nar- 
row particle-size distribution. 

Spheres also can be produced by fluid-bed granulation tech- 
niques and by other specialized equipment such as the CF- 
Granulator (Vector). These processes, however, must begin 
with crystals or nonpareil seeds followed by buildup. Exact re- 
sults, such as sphere density, are different for the various meth- 
ods and could be important in product performance. These pro- 
cesses can be run as batches or continuously. 

SPRAY-DRYING—A number of tableting additives suit- 
able for direct compression have been prepared by the drying 
process known as spray-drying. The method consists of bring- 
ing together a highly dispersed liquid and a sufficient volume of 
hot air to produce evaporation and drying of the liquid droplets. 
The feed liquid may be a solution, slurry, emulsion, gel, or 
paste, provided it is pumpable and capable of being atomized. 
As shown in Figure 45-16, the feed is sprayed into a current of 
warm filtered air. The air supplies the heat for evaporation and 

  Figure 45-15. The inside of a QJ-400 Marumerizer (courtesy, Luwa). 
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Figure 45-16. Typical spray-drying system (courtesy, Bowen Eng). 

conveys the dried product to the collector; the air is then ex- 
hausted with the moisture. As the liquid droplets present a 
large surface area to the warm air, local heat and transfer coef- 
ficients are high. 

The spray-dried powder particles are homogeneous, approx- 
imately spherical in shape, nearly uniform in size, and fre- 
quently hollow. The latter characteristic results in low bulk 
density with a rapid rate of solution. Being uniform in size and 
spherical, the particles possess good flowability. The design and 
operation of the spray-dryer can vary many characteristics of 
the final product, such as particle size and size distribution, 
bulk and particle densities, porosity, moisture content, flowa- 
bility, and friability. Among the spray-dried materials avail- 
able for direct compression formulas are lactose, mannitol, and 
flour. Another application of the process in tableting is spray- 
drying the combination of tablet additives as the diluent, disin- 
tegrant, and binder. The spray-dried material then is blended 
with the active ingredient or drug, lubricated, and compressed 
directly into tablets. 

Since atomization of the feed results in a high surface area, 
the moisture evaporates rapidly. The evaporation keeps the 
product cool and as a result the method is applicable for drying 
heat-sensitive materials. Among heat-sensitive pharmaceuti- 
cals successfully spray-dried are the amino acids; antibiotics as 
aureomycin, bacitracin, penicillin, and streptomycin; ascorbic 
acid; cascara extracts; liver extracts; pepsin and similar en- 
zymes; protein hydrolysates; and thiamine." 

Frequently, spray-drying is more economical than other pro- 
cesses, since it produces a dry powder directly from a liquid and 
eliminates other processing steps as crystallization, precipita- 
tion, filtering or drying, particle-size reduction, and particle 
classifying. By the elimination of these steps, labor, equipment 
costs, space requirements and possible contamination of the 
product are reduced. Intrinsic factor concentrate obtained from 
hog mucosa previously was prepared by Lederle / American 
Home Products, using a salt-precipitation process followed by a 
freeze-drying. By using spray-drying it was possible to manu- 
facture a high-grade material by a continuous process. The 
spherical particles of the product facilitated its subsequent 
blending with vitamin B,». Similar efficiencies have been found 

in processes producing magnesium trisilicate and dihydroxya- 
luminum sodium carbonate; both chemicals are used widely in 
antacid preparations. 

Encapsulation of chemicals also can be achieved using 
spray-drying equipment. The process is useful in coating one 
material on another to protect the interior substance or to con- 
trol the rate of its release. The substance to be coated can be ei- 
ther liquid or solid but must be insoluble in a solution of the 
coating material. The oil-soluble vitamins, A and D, can be 
coated with a variety of materials such as acacia gum to prevent 
their deterioration. Flavoring oils and synthetic flavors are 
coated to give the so-called dry flavors. 

SPRAY-CONGEALING—AIlso called spray-chilling, 
spray-congealing is a technique similar to spray-drying. It con- 
sists of melting solids and reducing them to beads or powder by 
spraying the molten feed into a stream of air or other gas. The 
same basic equipment is used as with spray-drying, although 
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Figure 45-17. Concave punches. 

no source of heat is required. Either ambient or cooled air is 
used, depending on the freezing point of the product. For ex- 
ample, monoglycerides and similar materials are spray-con- 
gealed with air at 50°F. A closed-loop system with refrigeration 
cools and recycles the air. Using this process, drugs can be dis- 
solved or suspended in a molten wax and spray-congealed; the 
resultant material then can be adapted for a prolonged-release 
form of the drug. 

Among the carbohydrates used in compressed tablets, man- 
nitol is the only one that possesses high heat stability. Manni- 
tol melts at 167° and, either alone or in combination with other 

carbohydrates, can be fused and spray-congealed. Selected 
drugs have been shown to be soluble in these fused mixtures, 
and the resultant spray-congealed material possesses excellent 
flow and compression characteristics. 

TABLET MACHINES 

As mentioned previously, the basic mechanical unit in tablet 
compression involves the operation of two steel punches 
within a steel die cavity. The tablet is formed by the pressure 
exerted on the granulation by the punches within the die cav- 
ity, or cell. The tablet assumes the size and shape of the 
punches and die used. See Figures 45-17 and 45-18. While 
round tablets are used more generally, oval, capsule-form, 
square, triangular, or other irregular shapes may be used. 
Likewise, the curvature of the faces of the punches determines 
the curvature of the tablets. The diameters generally found to 
be satisfactory and frequently referred to as standard are as 
follows: %s, %2, %, Ye, Hs, Vi, Ys, %, %s, %, Ys, and % in. Punch 
faces with ridges are used for compressed tablets scored for 
breaking into halves or fourths, although it has been indicated 
that variation among tablet halves is significantly greater 
than among intact tablets. However, a patented formulation’ 
for a tablet scored to form a groove that is one-third to two- 
thirds the depth of the total tablet thickness is claimed to give 
equal parts containing substantially equal amounts of the 
drug substance. Tablets, engraved or embossed with symbols 
or initials, require punches with faces embossed or engraved 
with the corresponding designs. See Figures 45-19 and 45-20. 
The use of the tablet sometimes determines its shape; effer- 
vescent tablets are usually large, round, and flat, while vita- 
min tablets frequently are prepared in capsule-shaped forms. 
Tablets prepared using deep-cup punches appear to be round 
and when coated take on the appearance of pills. Veterinary 
tablets often have a bolus shape and are much larger than 
those used in medical practice. 

The quality-control program for punches and dies, fre- 

quently referred to as tooling, instituted by large pharmaceuti- 
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Figure 45-18. Specially shaped punches. 
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Figure 45-19. Collection of punches (courtesy, Stokes/Pennwalt). 

cal companies, emphasizes the importance of their care in mod- 
ern pharmaceutical production. To produce physically perfect 
compressed tablets, an efficient punch-and-die program must 
be set up. Provisions for inspection of tooling, parameters for 
cost-per-product determination, product identification, and 

tooling specifications must all be considered. A committee ofthe 
Industrial and Pharmaceutical Technology Section of the APhA 
Academy of Pharmaceutical Sciences established a set of di- 
mensional specifications and tolerances for standard punches 
and dies.’ 

  
Figure 45-20. Collection of dies (courtesy, Stokes/Pennwalt). 
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Regardless of the size of the tableting operation, the atten- 
tion that must be given to the proper care of punches and dies 
should be noted. They must be highly polished and kept free 
from rust and imperfections. In cases in which the material pits 
or abrades the dies, chromium-plated dies have been used. 
Dropping the punches on hard surfaces will chip their fine 
edges. When the punches are in the machine, the upper and 
lower punches should not be allowed to contact each other; oth- 
erwise, a curling or flattening of the edges will result that is one 
of the causes of capping. This is especially necessary to observe 
in the case of deep-cup punches. 

When the punches are removed from the machine, they 
should be washed thoroughly in warm soapy water and dried 
well with a clean cloth. A coating of grease or oil should be 
rubbed over all parts of the dies and punches to protect them 
from the atmosphere. They should be stored carefully in boxes 
or paper tubes. 

Single-Punch Machines 

The simplest tableting machines available are those having the 
single-punch design. A number of models are available as out- 
lined in Table 45-2. While most of these are power-driven, sev- 
eral hand-operated models are available. Compression is ac- 
complished on a single-punch machine as shown in Figure 
45-21. The feed shoe filled with the granulation is positioned 
over the die cavity, which then fills. The feed shoe retracts and 
scrapes all excess granulation away from the die cavity. The up- 
per punch lowers to compress the granulation within the die cav- 
ity. The upper punch retracts, and the lower punch rises to eject 
the tablet. As the feed shoe returns to fill the die cavity, it pushes 
the compressed tablet from the die platform. The weight of the 
tablet is determined by the volume of the die cavity; the lower 
punch is adjustable to increase or decrease the volume of gran- 
ulation, thus increasing or decreasing the weight of the tablet. 

For tablets having diameters larger than 1/2 inch, sturdier 
models are required. This is also true for tablets requiring a 
high degree of hardness, as in the case of compressed lozenges. 
The heavier models are capable of much higher pressures and 
are suitable for slugging. 

OPERATION OF SINGLE-PUNCH MACHINES—In installing 
punches and dies in a single-punch machine, insert the lower punch 
first by lining up the notched groove on the punch with the lower punch 
setscrew and slipping it into the smaller bore in the die table; the 
setscrew is not tightened yet. The lower punch is differentiated from the 
upper punch in that it has a collar around the punch head. Slip the die 
over the punch head so that the notched groove (with the widest area at 
the top) lines up with the die setscrew. Tighten the lower punch 
setscrew after seating the lower punch by pressing on the punch with 
the thumb. Tighten the die setscrew, making certain that the surface of 
the die is flush with the die table. Insert the upper punch, again lining 
up the grooved notch with the upper punch setscrew. To be certain that 
the upper punch is seated securely, turn the machine over by hand with 
a block of soft wood or wad of cloth between the upper and lower 
punches. When the punch is seated, tighten the upper punch setscrew. 
Adjust the pressure so that the upper and lower punches will not come 

Table 45-2. Single-Punch Tablet Machines 

MAXIMUM TABLET 
  

  
DIAMETER PRESS SPEED DEPTH OF FILL 

MACHINE MODEL (INCHES) (TABLETSMIN) (INCHES) 

Stokes-Pennwalt 
equipment? 

511-5 % 40-75 The 
206-4 1% 10-40 1s 
530-1 2 12-48 1% 
525-2 3 16-48 2 

Manesty equipment 
(Thomas Eng) 

Hand machine % 100 hs 
Model F3 % 85 ie 
Model 357° 3 36 2%: 
  
7 Widely used for veterinary boluses. 
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Figure 45-21. The steps associated with single-punch and rotary tablet 

machines. 

in contact with each other when the machine is turned over. Adjust the 
lower punch so that it is flush with the die table at the ejection point. In- 
stall the feed shoe and hopper. 

After adding a small amount of granulation to the hopper, turn the 
machine over by hand and adjust the pressure until a tablet is formed. 
Adjust the tablet weight until the desired weight is obtained. The pres- 
sure will have to be altered concurrently with the weight adjustments. 
It should be remembered that as the fill is increased the lower punch 
moves farther away from the upper punch, and more pressure will have 
to be applied to obtain comparable hardness. Conversely, when the fill 
is decreased, the pressure will have to be decreased. When all the ad- 
justments have been made, fill the hopper with granulation and turn on 
the motor. Hardness and weight should be checked immediately, and 

suitable adjustments made if necessary. Periodic checks should be made 
on the tablet hardness and weight during the running of the batch, at 
15- to 30-min intervals. 

When the batch has been run off, turn off the power and remove 

loose dust and granulation with the vacuum cleaner. Release the pres- 
sure from the punches. Remove the feed hopper and the feed shoe. Re- 
move the upper punch, the lower punch, and the die. Clean all surfaces 
of the tablet machine, and dry well with clean cloth. Cover surfaces with 
thin coating of grease or oil prior to storage. 

As tablets are ejected from the machine after compression, they usu- 
ally are accompanied by powder and uncompressed granulation. To re- 
move this loose dust, the tablets are passed over a screen, which may be 
vibrating, and cleaned with a vacuum line. 

Rotary Tablet Machines 

For increased production, rotary machines offer great advan- 
tages. A head carrying a number of sets of punches and dies re- 
volves continuously while the tablet granulation runs from the 
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hopper, through a feed frame and into the dies placed in a large, 
steel plate revolving under it. This method promotes a uniform 
fill of the die and therefore an accurate weight for the tablet. 
Compression takes place as the upper and lower punches pass 
between a pair of rollers, as can be seen in Figure 45-21. This 
action produces a slow squeezing effect on the material in the 
die cavity from the top and bottom and so gives a chance for 
the entrapped air to escape. The lower punch lifts up and ejects 
the tablet. Adjustments for tablet weight and hardness can be 
made without the use of tools while the machine is in operation. 
Figure 45-22 shows a high speed press. Figure 45-23 shows the 
tooling in a 16-station rotary press in the positions of a com- 
plete cycle to produce 1 tablet per set of tooling. One of the fac- 
tors that contributes to the variation in tablet weight and hard- 
ness during compression is the internal flow of the granulation 
within the feed hopper. 

On most rotary machine models there is an excess pressure 
release that cushions each compression and relieves the machine 
of all shocks and undue strain. The punches and dies can be re- 
moved readily for inspection, cleaning, and inserting different 
sets to produce a great variety of sizes and shapes. Many older 
presses have been modernized with protective shields to prevent 
physical injury and to comply with OSHA standards (Fig 45-24). 
It is possible to equip the machine with as few punches and dies 
as the job requires and thus economize on installation costs. For 

types of rotary machines available, see Table 45-3. 
OPERATION OF ROTARY MACHINES—Before inserting 

punches and dies, make certain that the pressure has been released 
from the pressure wheel. The die holes should be cleaned thoroughly, 
making certain that the die seat is completely free of any foreign ma- 
terials. Back off all die locks, and loosely insert dies into the die holes, 

then tap each die securely into place with a fiber of soft metal rod 
through the upper punch holes. After all the dies have been tapped 
into place, tighten each die lockscrew progressively and securely. As 
each screw is tightened the die is checked to see that it does not pro- 
ject above the die table. Insert the lower punches through the hole 
made available by removing the punch head. Turn the machine by 
hand until the punch bore coincides with the plug hole. Insert each 
lower punch in its place progressively. Insert the upper punches by 

  
Figure 45-22. Model 747 High Speed Press, double-sided rotary com- 
pacting press designed to produce at speeds over 10,000/min (courtesy, 
Stokes/Pennwalt). 
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Figure 45-23. Tooling for a 16-station rotary press showing positions of 
the cycle required to produce one tablet per set of tooling (courtesy, Vec- 

tor/Colton). 

dropping them into place in the head. Each punch (upper and lower) 

should be coated with a thin film of mineral oil before insertion into 
the machine. Adjust the ejection cam so that the lower punch is flush 
with the die table at the ejection point. 

After insertion of the punches and dies, adjust the machine for the 
tablet weight and hardness. The feed frame should be attached to the 
machine along with the feed hopper. Add a small amount of the granu- 
lation through the hopper and turn over the machine by hand. Increase 
the pressure by rotating the pressure wheel until a tablet is formed. 
Check the weight of the tablet and adjust the fill to provide the desired 
tablet weight. Most likely more than one adjustment of the fill will be 
necessary before obtaining the acceptable weight. When the fill is de- 
creased, the pressure must be decreased to provide the same hardness 
in the tablet. Conversely, when the fill is increased, the pressure must 

be increased to obtain comparable hardness. 
Fill the hopper with the granulation and turn on the power. Check 

tablet weight and hardness immediately after the mechanical operation 
begins, and make suitable adjustments, if necessary. Check these prop- 
erties routinely and regularly at 15- to 30-min intervals while the ma- 
chine is in operation. When the batch has been run, turn off the power. 
Remove the hopper and feed frame from the machine. Remove loose 
granulation and dust with a vacuum line. Remove all pressure from the 
wheel. Remove the punches and dies in the reverse order of that used in 
setting up the machine. First, remove the upper punches individually, 

  Figure 45-24. Research technicians use an instrumented tablet press to 
develop processes at Schering-Plough. 
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Table 45-3. High-Speed Rotary Tablet Machines 
  

  

MAXIMUM MAXIMUM 
TABLET DEPTH OF TABLET DEPTH OF 

TOOL DIAMETER PRESS SPEED FILL TOOL DIAMETER PRESS SPEED FILL 
MACHINE MODEL SETS (INCHES) (TABLETS/MIN) (INCHES) MACHINE MODEL SETS (INCHES) (TABLETS/MIN) (INCHES) 

Vector-Colton equipment Stokes/Pennwalt equation 
2216 16 % 1180 #% 552-2 35 % 800-3200 Ys 
240 16 % 640 Ye 328-4 45 % 1600-4500 1% 
250 12 1% 480 1% 610 65 As 3500-10,000 is 
260 25 1%s 1450 1% 747 65 fs 3000-10,000 "As 

31 1 1800 1% 53 % 2900-8100 "Ys 
33 Ys 1910 1% 41 "As 2150-6150 a 
43 % 2500 1% Direct Triple Compression Type 

270 25 1% 450 2% 580-1 45 As 525-2100 is 
Stokes/Pennwalt equipment 580-2 35 % 400-1600 Ys 
Manesty equipment (Thomas Eng) 610 65 As 3500-10,000 Wis 

B3B 16 % 350-700 "Wie 53 % 2900-8100 Ys 
23 Ys 500-1000 Ys Manesty equipment (Thomas Eng) 

BB3B 27 % 760-1520 ie Betapress 16 % 600-1500 is 
33 Ys 924-1848 Wie 23 As 860-2160 is 
35 % 1490-2980 ie Express 20 1 800-2000 Ys 
45 As 1913-3826 ie 25 % 1000-2500 Ys 

D3B 16 1 260-520 Ye 30 fs 1200-3000 "Ys 
Key equipment Unipress 20 1 970-2420 Ys 

DC-16 16 "is 210-510 “As 27 % 1300-3270 is 
BBC 27 % 1025-2100 "is 34 fs 1640-4120 "Ys 

35 % 1325-2725 "ie Novapress 37 1 760-3700 Ys 
45 fs 1700-3500 Ys 45 % 900-4500 "Ys 

Cadpress 37 Ye 850-3500 Hs 61 As 1220-6100 "As 
45 % 2000-6000 ie BB3B 35 % 1490-2980 is 
55 Ys 2500-7500 ie BB4 27 % 900-2700 "Ys 

Fette equipment (Raymond Auto) 35 % 1167-3500 "As 
(mm) (mm) 45 VE 1500-4500 "s 

Perfecta 28 16 2100 18 Rotapress 
1000 Mark 11A 37 1 710-3550 Ys 

33 13 2475 18 45 % 1640-8200 "Ys 
Perfecta 29 25 2175 22 61 As 2200-11,100 "fs 
2000 Mark IV 45 1 2090-6000 Ys 

36 16 3600 18 55 % 2550-7330 Wis 
43 13 4300 18 75 As 3500-10,000 is 

Courtoy equipment (AC Compact) Fette tool systems 
R-100 24 25 285-2260 20 (mm) (mm) 

30 19 356-2850 20 PT 2080 29 25 435-2900 18 
36 13 550-440 16 36 16 540-4100 18 

Kikusui equipment 43 16 645-4900 18 
Hercules 18 37 180-540 16 PT 2090I1C 22 34 1760 18 

21 26 210-630 16 29 25 2900 18 
29 25 290-870 16 36 16 4140 18 

Virgo 19 16 418-1330 16 43 13 5160 18 
24 1 528-1680 16 47 1 6110 18 

Killian equipment PT 3090IC 37 34 5920 18 
TX21 21 28 231-1386 20 49 25 7840 18 
TX25 25 22 275-2166 20 61 16 9760 18 
TX30 30 16 330-3150 20 P 3100 37 25 5618 22 
TX21D 21 25 231-1826 20 45 16 8100 18 
TX30A 30 16 330-3150 16 55 13 9900 18 
TX40A 40 13 440-4200 16 Courtoy equipment (AC Compact) 

Korsch R-200 43 25 750-5833 20 
equipment 55 19 916-8500 20 
PH 250/20 20 25 240-1640 22 65 13 1083-10,000 16 
PH 250/25 25 16 270-2700 18 Kikusui equipment 
PH 250/30 30 13 315-3233 18 Libra 16 900-2520 16 

Elizabeth-Hata equipment 45 1 1125-3150 16 
AP-15-SSU 15 17 300-1050 8-18 49 8 1225-3430 16 
AP-18-SSU 18 13 360-1260 8-18 Gemini 55 16 2200-7700 16 
AP-22-SSU 22 1 440-1540 8-18 67 1" 2680-9380 16 
AP-32-S5U 32 17 640-2240 8-18 73 8 2920-10,200 16 
AP-38-MSU 38 13 760-2660 8-18 Elizabeth-Hata equipment 
AP-45-MSU 32 1" 900-3150 8-18 AP-45-LDU 45 17 1800-6300 8-18 

Vector-Colton equipment AP-55-LDU 55 13 2200-7700 8-18 
2247 33 % 3480 % AP-65-LDU 65 1" 2600-9100 8-18 

41 As 4300 % AP-71-LDU 71 1 2840-9940 8-18 
49 Ys 5150 % 51-XLDU 51 17 2040-7140 8-18 

Magna 66 ha 10,560 % 65-XLDU 61 13 2440-8540 8-18 
74 Y 11,840 % 
90 As 14,400 % 
  

   



  

  

then the lower punches, and finally the dies. Wash each punch and die 
in alcohol and brush with a soft brush to remove adhering material. Dry 
them with a clean cloth, and cover them with a thin coating of grease or 
oil before storing. 

High-Speed Rotary Tablet Machines 

The rotary tablet machine has evolved gradually into models 
capable of compressing tablets at high production rates. See 
Figures 45-22, 45-25, and 45-26. This has been accomplished 
by increasing the number of stations, ie, sets of punches and 
dies, in each revolution of the machine head, improving feed- 
ing devices, and on some models installing dual compression 
points. In Figure 45-26, the drawing shows a rotary machine 
with dual compression points. Rotary machines with dual 
compression points are referred to as double rotary machines, 
and those with one compression point, single rotary. In the di- 
agram, half of the tablets are produced 180° from the tablet 
chute. They travel outside the perimeter and discharge with 
the second tablet production. While these models are mechan- 
ically capable of operating at the production rates shown in 
Table 45-3, the actual speed still depends on the physical 
characteristics of the tablet granulation and the rate that is 
consistent with compressed tablets having satisfactory physi- 
cal characteristics. The main difficulty in rapid machine oper- 
ation is ensuring adequate filling of the dies. With rapid fill- 
ing, dwell time of the die cavity beneath the feed frame is 
insufficient to ensure the requirements of uniform flow and 
packing of the dies. Various methods of force-feeding the gran- 
ulation into the dies have been devised to refill the dies in the 
very short dwell time permitted on the high-speed machine. 
These devices are illustrated in Figure 45-14. Presses with 
triple compression points (see Table 45-3) permit the partial 
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Figure 45-25. Rotapress Mark IIA. Designed for improvements in sound 
reduction, operator safety, cleanliness, and operational convenience; 
note the control panel on front of machine (courtesy, Thomas/Manesty). 
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Figure 45-26. The movement of tablets on die table of a double rotary 
press (courtesy, Vector/Colton). 

compaction of material before final compaction. This provides 
for partial deaeration and particle orientation of material 
before final compression. This helps in the direct compacting 
of materials and reduces laminating and capping due to en- 
trapped air. 

Multilayer Rotary Tablet Machines 

The rotary tablet machines also have been developed into mod- 
els capable of producing multiple-layer tablets; the machines 
are able to make 1-, 2-, or 3-layer tablets (Versa Press, 
Stokes /Pennwalt). Stratified tablets offer a number of advan- 
tages. Incompatible drugs can be formed into a single tablet by 
separating the layers containing them with a layer of inert 
material. It has permitted the formulation of time-delay medi- 
cation and offers a wide variety of possibilities in developing 
color combinations that give the products identity. 

Originally, the tablets were prepared by a single-compres- 
sion method. The dies were filled with the different granula- 
tions in successive layers, and the tablet was formed by a sin- 
gle compression stroke. The separation lines of the tablets 
prepared by this method tended to be irregular. In the ma- 
chines now available for multilayer production the granula- 
tion receives a precompression stroke after the first and sec- 
ond fill, which lightly compacts the granulation and maintains 
a well-defined surface of separation between each layer. The 
operator is able to eject either precompressed layer with the 
machine running at any desired speed for periodic weight and 
analysis checks. 

Other multiple-compression presses can receive previously 
compressed tablets and compress another granulation around 
the preformed tablet. An example of a press with this capa- 
bility is the Manesty Drycota (Thomas/ Manesty). Pressure- 
coated tablets can be used to separate incompatible drug 
substances and also to give an enteric coating to the core 
tablets. 

Capping and Splitting of Tablets 

The splitting or capping of tablets is one of great concern and 
annoyance in tablet making. It is quite difficult to detect while 
the tablets are being processed but can be detected easily by 
vigorously shaking a few in the cupped hands. A slightly 
chipped tablet does not necessarily mean that the tablet will 
cap or split. 

There are many factors that may cause a tablet to cap or split: 

Excess fines or powder, which traps air in the tablet mixture. 
Deep markings on tablet punches. Many designs or scores on punches 

are too broad and deep. Hairline markings are just as appropriate as 
deep, heavy markings. 
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Figure 45-27. Courtoy R-100 with computer-controlled operation. 

  
Worn and imperfect punches. Punches should be smooth and buffed. 

Nicked punches often cause capping. The development of fine 
feather edges on tablets indicates wear on punches. 

Worn dies. Dies should be replaced or reversed. Dies that are chrome- 
plated or have tungsten carbide inserts wear longer and give better 
results than ordinary steel dies. 

Too much pressure. By reducing the pressure on the machines the con- 
dition may be corrected. 

Unsuitable formula. It may be necessary to change the formula. 
Moist and soft granulation. This type of granulation will not flow freely 

into the dies, thus giving uneven weights and soft or capped tablets. 

  
Figure 45-28. Direct weighing of tablets produced gives actual weight 
feedback for the controller of the Courtoy R-100 (seen in the bottom left 
of Fig 45-27).   
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Figure 45-29. Force-time curves for two types of tablet press. 

Poorly machined punches. Uneven punches are detrimental to the 
tablet machine itself and will not produce tablets of accurate weight. 
One punch out of alignment may cause one tablet to split or cap on 
every revolution. 

Instrumented Tablet Presses 

Compressional and ejectional forces involved in tablet com- 
pression can be studied by attaching strain gauges to the 

punches and other press components involved in compression. 
The electrical output of the gauges has been monitored by 
telemetry or use of a dual-beam oscilloscope equipped with 
camera.*®*? Instrumentation permits a study of the com- 
paction characteristics of granulations, their flowabilities, and 
the effect of formulation additives, such as lubricants, as well 
as differences in tablet press design, as shown in Figures 45- 
27 to 45-30. Physical characteristics of tablets, such as hard- 

ness, friability, disintegration time, and dissolution rate, are 
influenced not only by the nature of the formulation but by 
the compressional force as well. 

As can be seen in Figures 45-29 and 45-30, the rate and du- 

ration of compaction forces can be quantified. The rate of force 
application has a profound effect on powder consolidation 
within the die and, hence, efficiency of packing and powder 
compaction. The rate of release of force, or decompression has 
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Figure 45-30. Plot showing the upper and lower punch forces as func- 
tions of the position of the punch face within the die. A biaxial force/dis- 
placement curve also shown is a plot of the position of the tablet center 
as a function of the compression force. 
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Figure 45-31. Schematic of an instrumentation system using a micro- 
computer as developed by Schering-Plough. 

a direct effect on the ability of the tablet to withstand relax- 
ation. A prominent hypothesis, fostered by Hiestand***® and 
later Luenberger®®, suggested that capping and laminating of 
tablets is caused by too-rapid stress relaxation or decompres- 
sion. This explains why slowing a tablet press and using 
tapered dies is useful in such situations. Most prominent 
pharmaceutical scientists have embraced this theory and 
largely have discounted air entrapment as a cause of capping 
and laminating. 

Figure 45-30 presents an interesting set of plots. Walter and 
Augsburger reported that as compaction force rises, the steel 
tooling actually compresses in accommodation to the forces ap- 
plied. The forces used to produce a tablet are considerable and 
should be monitored and understood.*” Therefore, definition of 
the compressional force and duration of force (dwell time) giv- 
ing a satisfactory tablet for a formulation provides an in- 
process control for obtaining both tablet-to-tablet and lot-to-lot 
uniformity (see Figs 45-24 and 45-31). 

Instrumentation has led to the development of on-line, au- 
tomatic, electromechanical tablet weight-control systems 
capable of continuously monitoring the weights of tablets 
as they are produced. Units are available commercially 
(Thomas Tablet Sentinel (Thomas Eng); Fette Compression 
Force Monitor (Raymond Auto); Vali-Tab (Stokes /Pennwalt)) 

and are applicable to single or rotary tablet machines. Most 
commercial presses today can be delivered with some sort 
of instrumentation attached. When tablet weights vary 
from preset limits, the monitor automatically will adjust the 
weight control mechanism to reestablish weights within 
acceptable limits. If the difficulty continues, the unit will 
activate an audible warning signal or an optional shut-down 
relay on the press (see Figs 45-27 and 45-28). Most production- 
model tablet presses come equipped with complete instru- 
mentation (optional) and with options for statistical analysis 
and print out of compression/ejection signals. The tech- 
niques and applications of press instrumentation have been 
reviewed. 849 

Contamination Control 

While good manufacturing practices used by the pharmaceuti- 
cal industry for many years have stressed the importance of 
cleanliness of equipment and facilities for the manufacture of 
drug products, the penicillin contamination problem resulted in 
renewed emphasis on this aspect of manufacturing. Penicillin, 
as either an airborne dust or residual quantities remaining in 
equipment, is believed to have contaminated unrelated prod- 
ucts in sufficient concentrations to cause allergic reactions in 
individuals hypersensitive to penicillin who received these 
products. This resulted in the industry spending millions of dol- 
lars to change or modify buildings, manufacturing processes, 
equipment, and standard operating procedures to eliminate 
penicillin contamination. 
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With this problem has come renewed emphasis on the dust 
problem, material handling, and equipment cleaning in deal- 
ing with drugs, especially potent chemicals. Any process using 
chemicals in powder form can be a dusty operation; the prepa- 
ration of compressed tablets and encapsulation fall in this 
category. In the design of tablet presses attention is being 
given to the control and elimination of dust generated in 
the tableting process. In the Perfecta press shown in Figure 
45-32, the pressing compartment is completely sealed off 
from the outside environment, making cross-contamination 
nearly impossible. The pressing compartment can be kept 
dust-free by the air supply and vacuum equipment developed 
for the machine. It removes airborne dust and granular parti- 
cles that have not been compressed, thus keeping the circular 
pressing compartment and the upper and lower punch guides 
free of dust. 

Drug manufacturers have the responsibility to make certain 
that microorganisms present in finished products are unlikely 
to cause harm to the patient and will not be deleterious to the 
product. An outbreak of Salmonella infections in Scandinavian 
countries was traced to thyroid tablets that had been prepared 
from contaminated thyroid powder. This concern eventually led 
to the establishment of microbial limits for raw materials of an- 
imal or botanical origin, especially those that readily support 
microbial growth and are not rendered sterile during subse- 
quent processing. Harmful microorganisms when present in 
oral products include Salmonella spp, Escherichia coli, certain 
Pseudomonas spp such as P aeruginosa, and Staphylococcus 
aureus. The compendia have microbial limits on raw materials 
such as aluminum hydroxide gel, cornstarch, thyroid, acacia, 

and gelatin. 
These represent examples of the industry’s efforts to con- 

form with the intent of current good manufacturing practice as 
defined by the FDA. 

  
Figure 45-32. Fette Perfecta 3000 high-speed tablet press with pressing 
compartment completely sealed off from outside environment, making 
cross-contamination impossible (courtesy, Raymond Auto). 
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Tablet Formulations 

  

WET GRANULATION 

CT Acetaminophen, 300 mg 

INGREDIENTS IN EACH IN 10.000 
Acetaminophen 300 mg 3000 g 

Polyvinylpyrrolidone 22.5 mg 225g 
Lactose 61.75 mg 617.5¢g 

Alcohol SD3A—200 proof 4.5 mL 45 L 
Stearic acid 9 mg 90g 

Tale 13.5 mg 135g 
Cornstarch 43.25 mg 4325¢g   
Blend acetaminophen, polyvinylpyrrolidone, and lactose together; pass 
through a 40-mesh screen. Add the alcohol slowly, and knead well. 
Screen the wet mass through a 4-mesh screen. Dry the granulation at 50° 
overnight. Screen the dried granulation through a 20-mesh screen. Bolt 
the stearic acid, talc, and cornstarch through a 60-mesh screen prior to 
mixing by tumbling with the granulation. Compress, using 7/16-inch 
standard concave punch. Ten tablets should weigh 4.5 g (courtesy, 
Abbott). 

CT Ascorbic Acid USP, 50 mg 

  INGREDIENTS IN EACH IN 7000 
Ascorbic acid USP 

(powder No. 80)” 55 mg 385g 

Lactose 21 mg 147g 
Starch (potato) 13 mg 91g 
Ethylcellulose N 100 

(80-105 cps) 16 mg 112g 

Starch (potato) 7 mg 49g 
Tale 6.5 mg 455g 
Calcium stearate 

(impalpable powder)1 mg 7g 

Weight of granulation 836.5 g   
@ Includes 10% in excess of label claim. 
Granulate the first three ingredients with ethylcellulose (5%) dissolved in 
anhydrous ethyl alcohol, adding additional anhydrous alcohol to obtain 
good, wet granules. Wet-screen through a #8 stainless steel screen and dry 
at room temperature in an air-conditioned area. Dry-screen through a #20 
stainless steel screen and incorporate the remaining three ingredients. Mix 
thoroughly and compress. Use a flat, beveled, %-inch punch. Twenty tablets 
should weigh 2.39 g. 

  

Chewable Antacid Tablets 

INGREDIENTS IN EACH IN 10.000 
Magnesium trisilicate 500 mg 5000 g 
Aluminum hydroxide, dried gel 250 mg 2500 g 

Mannitol 300 mg 3000 g 
Sodium saccharin 2 mg 20g 
Starch paste, 5% qs qs 
Oil of peppermint 1 mg 10g 

Magnesium stearate 10 mg 100 g 
Cornstarch 10 mg 100 g   
Mix the magnesium trisilicate and aluminum hydroxide with the mannitol. 
Dissolve the sodium saccharin in a small quantity of purified water, then 
combine this with the starch paste. Granulate the powder blend with the 
starch paste. Dry at 140°F and screen through 16-mesh screen. Add the 
flavoring oil, magnesium stearate, and corn starch; mix well. Age the 
granulation for at least 24 hr and compress, using a %-inch, flat-face, bevel- 
edge punch (courtesy, Atlas). 

CT Hexavitamin 

  INGREDIENTS IN EACH IN 7000 
Ascorbic acid USP (powder )* 82.5 mg 577.5¢g 

Thiamine mononitrate USP (powder)* 2.4 mg 168 g 
Riboflavin® 3.3 mg 231g 
Nicotinamide USP (powder) 22 mg 154 g 
Starch 13.9 mg 974g 

Lactose 5.9 mg 412 ¢g 
Zein 6.4 mg 45g 
Vitamin A acetate 6250 U 
Vitamin D,? (use Pfizer 

crystalets medium granules 
containing 500,000 U vitamin A 
acetate and 50,000 U vitamin D./g) 625 U 875¢g 

Magnesium stearate 75g 
Weight of granulation 1050 g 

? Includes the following in excess of label claim: ascorbic acid 10%, 
thiamine mononitrate 20%, riboflavin 10%, nicotinamide 10%, and 
vitamin A acetate-vitamin D, crystalets 25%. 
Thoroughly mix the first six ingredients and granulate with zein (10% in 
ethyl alcohol, adding additional alcohol if necessary to obtain good, wet 
granules). Wet-screen through a #8 stainless steel screen and dry at 110 to 
120°F. Dry-screen through a #20 stainless steel screen and add the vitamin 
crystalets. Mix thoroughly, lubricate, and compress. Ten tablets should 
weigh 1.50 g. Coat with syrup. 

  

CT Theobromine-Phenobarbital 

  INGREDIENTS IN EACH IN 7000 
Theobromine 325 mg 2275 ¢g 
Phenobarbital 33 mg 231g 
Starch 39mg 273 g 

Tale 8 mg 56g 
Acacia (powder) 8 mg 56g 
Stearic acid 0.7 mg 49¢g 
Weight of granulation 2895.9 g   
Prepare a paste with the acacia and an equal weight of starch. Use this 
paste for granulating the theobromine and phenobarbital. Dry and put 
through a 12-mesh screen, add the remainder of the material, mix 
thoroughly, and compress into tablets, using a 13/32-inch concave punch. 
Ten tablets should weigh 4.13 g. 

FLUID-BED GRANULATION 

CT Ascorbic Acid USP, 50 mg 

  INGREDIENTS IN EACH IN 10.000 
Ascorbic acid USP (powder no 80)* 55 mg 550 g 
Lactose 21 mg 210 g 
Starch (potato) 13 mg 130 g 

Ethylcellulose N100 (80-105 cps) 16 mg 160 g 
Starch (potato) 7 mg 70g 
Tale 6.5 mg 65g 
Calcium stearate 1 mg 10g 

Weight of granulation 1195.0 g   
2 Includes 10% in excess of claim. 
Add the first three ingredients to the granulator. Mix for 5 to 15 min or 
until well mixed. Dissolve the ethylcellulose in anhydrous ethanol and 
spray this solution and any additional ethanol into the fluidized mixture. 
Cease spraying when good granules are produced. Dry to approximately 
3% moisture. Remove the granules and place them in a suitable blender. 
Sequentially add the remaining three ingredients with mixing steps in 
between each addition. Compress, using a flat, beveled, 1/4-inch punch. 
Twenty tablets should weigh 2.39 g. 

   



  

  

Sustained-Release (SR) Procainamide Tablets 

  

INGREDIENTS IN EACH IN 10.000 
Procainamide 500 mg 5000 g 

HPMC 2208, USP 300 mg 3000 g 
Carnauba wax 60 mg 600 g 
HPMC 2910, USP 30 mg 300 g 
Magnesium stearate 4 mg 40g 

Stearic acid 11 mg 110 g 
Tale 5 mg 50 g 
Weight of granulation 9100 g 

Place the first three ingredients in the granulator and mix for 5 to 15 
min. Dissolve the HPMC in water (mix in hot water, then cool down) and 
spray into the fluidized mixture. Dry to approximately 5% moisture. 
Sequentially add the last three ingredients, with mixing steps in between 
each addition. Compress, using capsule-shaped tooling. Ten tablets 
should weigh 9.1 g. 

  

DRY GRANULATION 

  

CT Acetylsalicylic Acid 

INGREDIENTS IN EACH IN 7000 
Acetylsalicylic Acid 

(crystals 20-mesh) 0.325 g 2275 g 
Starch 2268 ¢g 
Weight of granulation 2501.8 g   
Dry the starch to a moisture content of 10%.Thoroughly mix this with the 
acetylsalicylic acid. Compress into slugs. Grind the slugs to 14- to 16-mesh 
size. Recompress into tablets, using a #:-inch punch. Ten tablets should 
weigh 3.575 g. 

CT Sodium Phenobarbital 

  INGREDIENTS IN EACH IN 7000 
Phenobarbital sodium 65 mg 455g 
Lactose (granular, 12-mesh) 26 mg 182g 
Starch 20 mg 140g 

Talc 20 mg 140g 
Magnesium stearate 0.3 mg 21g 
Weight of granulation 919.1¢g 
  

Mix all the ingredients thoroughly. Compress into slugs. Grind and screen 
to 14- to 16-mesh granules. Recompress into tablets, using a %:-inch 
concave punch. Ten tablets should weigh 1.3 g. 

CT Vitamin B Complex 

  

INGREDIENTS IN EACH IN 10.000 
Thiamine mononitrate® 0.733 mg 7.33 ¢g 
Riboflavin® 0.733 mg 733g 

Pyridoxine hydrochloride 0.333 mg 3.33 g 
Calcium pantothenate” 0.4 mg 4g 
Nicotinamide 5 mg 50g 
Lactose (powder) 75.2 mg 752 g 

Starch 21.9 mg 219g 
Tale 20 mg 200 g 
Stearic acid (powder) 0.701 mg 7.01¢g 
Weight of granulation 1250 g   
? Includes 10% in excess of label claim. 
Mix all the ingredients thoroughly. Compress into slugs. Grind and screen 
to 14- to 16-mesh granules. Recompress into tablets, using a %-inch concave 
punch. Ten tablets should weigh 1.25 g. 
Sufficient tartaric acid should be used in these tablets to adjust the pH 
to 4.5. 
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DIRECT COMPRESSION 

APC Tablets 

INGREDIENTS IN EACH IN 10.000 
Aspirin (40-mesh crystal) 224 mg 2240 g 
Phenacetin 160 mg 1600 g 
Caffeine (anhyd USP gran) 32 mg 320g 

Compressible sugar (Di-Pac”) 93.4 mg 934 g 
Sterotex 7.8 mg 78g 
Silica gel (Syloid 244%) 2.8 mg 28 g 

2 Amstar. 
b Davison Chem. 
Blend ingredients in a twin-shell blender for 15 min and compress on a '%:- 
inch standard concave punch (courtesy, Amstar). 

CT Ascorbic Acid USP, 250 mg 

  

  

INGREDIENTS IN EACH IN 10.000 
Ascorbic Acid USP 
(Merck, fine crystals) 255 mg 2550 g 
Microcrystalline cellulose® 159 mg 1590 g 

Stearic acid 9mg 90g 
Colloidal silica’ 2 mg 20g 
Weight of granulation 4250 g 

2 Avicel-PH-101. 
b Cab-0-Sil. 
Blend all ingredients in a suitable blender. Compress, using %s-inch 
standard concave punch. Ten tablets should weigh 4.25 g (courtesy, FMC). 

Breath Freshener Tablets 

  INGREDIENTS IN EACH IN 10,000 
Wintergreen oil 0.6 mg 6g 
Menthol 0.85 mg 85g 

Peppermint oil 0.3 mg 3g 
Silica gel (Syloid 244%) 1 mg 10g 
Sodium saccharin 0.3 mg 3g 
Sodium bicarbonate 14 mg 140g 

Mannitol USP (granular) 180.95 mg 1809.5 g 
Calcium stearate 2 mg 20 g 
  

2 Davison Chem. 
Mix the flavor oils and menthol until liquid. Adsorb onto the silica gel. Add 
the remaining ingredients. Blend and compress on #%inch, flat-face bevel- 
edge punch to a thickness of 3.1 mm (courtesy, Atlas). 

Chewable Antacid Tablets 

  

  

INGREDIENTS IN EACH IN 10,000 

Aluminum hydroxide and 
magnesium carbonate, codried gel” 325 mg 3250 g 
Mannitol USP (granular) 675 mg 6750 g 
Microcrystalline cellulose” 75 mg 750 g 

Corn starch 30 mg 300g 
Calcium stearate 22 mg 220 g 
Flavor qs qs 

? Reheis F-MA-11. 
b Avicel 
Blend all ingredients in a suitable blender. Compress, using a 5/8-inch, flat- 
face, bevel-edge punch (courtesy, Atlas). 
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Chewable Multivitamin Tablets 

  

INGREDIENTS IN EACH IN 10.000 
Vitamin A USP (dry, stabilized form) 5000 USP 50 million 

units units 
Vitamin D dry, stabilized form) 400 USP 4 million 

units units 
Ascorbic Acid USP 60.0 mg 600 g 

Thiamine Hydrochloride USP 1 mg 10g 
Riboflavin USP 1.5 mg 15g 
Pyridoxine Hydrochloride USP 1 mg 10g 
Cyanocobalamin USP 2 pg 20 mg 

Calcium Pantothenate USP 3 mg 30g 
Niacinamide USP 10 mg 100 g 
Mannitol USP (granular) 236.2 mg 2362 g 
Cornstarch 16.6 mg 166 g 
Sodium saccharin 1.1 mg 11g 

Magnesium stearate 6.6 mg 66 g 
Talc USP 10 mg 100 g 
Flavor qs qs 
  

Blend all ingredients in a suitable blender. Compress, using a #-inch, flat- 
face, bevel-edge punch (courtesy, Atlas). 

  

CT Ferrous Sulfate 

INGREDIENTS IN EACH IN 7000 
Ferrous Sulfate USP (crystalline) 0.325 ¢g 2275 g 
Tale 0975 ¢g 

Sterotex 195¢g 
Weight of granulation 2277.93 g 
  

Grind to 12- to 14-mesh, lubricate, and compress. Coat immediately to 
avoid oxidation to the ferric state with 0.410 gr of tolu balsam (dissolved in 
alcohol) and 0.060 gr of salol and chalk. Use a deep, concave, "/-inch 
punch. Ten tablets should weigh 3.25 g. 

  

CT Methenamine 

INGREDIENTS IN EACH IN 7000 
Methenamine (12- to 14-mesh 

crystals) 0.325 ¢g 2275 ¢g 
Weight of granulation 2275 g   
Compress directly, using a “inch punch. Ten tablets should weigh 3.25 g. 

CT Phenobarbital USP, 30 mg 

  

  

INGREDIENTS IN EACH IN 10,000 
Phenobarbital 30.59 mg 3059¢g 

Microcrystalline cellulose” 30.59 mg 3059¢g 
Spray-dried lactose 69.16 mg 691.6 g 
Colloidal silica” 1.33 mg 133g 
Stearic acid 1.33 mg 13.3 ¢g 

Weight of granulation 1330 g 

? Avicel-PH-101. 
5 QUSO F-22. 
Screen the phenobarbital to break up lumps and blend with the 
microcrystalline cellulose. Add spray-dried lactose and blend. Finally, add 
the stearic acid and colloidal silica; blend to obtain a homogeneous 
mixture. Compress, using a %:-inch, shallow, concave punch. Ten tablets 
should weigh 1.33 g (courtesy, FMC). 

Molded Tablets or Tablet 

  

Triturates (TT) 

Tablet triturates are small, discoid masses of molded powders 
weighing 30 to 250 mg each. The base consists of lactose, p- 
lactose, mannitol, dextrose, or other rapidly soluble materials. 

It is desirable in making tablet triturates to prepare a solid 
dosage form that is rapidly soluble; as a result they are gener- 
ally softer than compressed tablets.   

Figure 45-33. Hand-molding tablet triturates (courtesy, Merck). 

This type of dosage form is selected for a number of drugs be- 
cause of its rapidly dissolving characteristic. Nitroglycerin in 
many concentrations is prepared in tablet triturate form since 
the molded tablet rapidly dissolves when administered by plac- 
ing under the tongue. Potent alkaloids and highly toxic drugs 
used in small doses are prepared as tablet triturates that can 
serve as dispensing tablets to be used as the source of the drug in 
compounding other formulations or solutions. Narcotics in the 
form of hypodermic tablets originally were made as tablet tritu- 
rates because they rapidly dissolve in sterile water for injection 
prior to administration. Today with stable injections of narcotics 
available, there is no longer any justification for their use in this 
manner. Although many hypodermic tablets currently are made, 
they are used primarily for oral administration. 

Tablet triturates are made by forcing a moistened blend of 
the drug and diluent into a mold, extruding the formed mass, 
which is allowed to dry. This method is essentially the same as 
it was when introduced by Fuller in 1878. Hand molds may 
vary in size, but the method of operation is essentially the 
same. Molds consist of two plates made from polystyrene plas- 
tic, hard rubber, nickel-plated brass, or stainless steel. The 
mold plate contains 50 to 500 carefully polished perforations. 
The other plate is fitted with a corresponding number of pro- 
jecting pegs or punches that fit the perforations in the mold 
plate. The mold plate is placed on a flat surface, the moistened 
mass is forced into the perforations, and the excess is scraped 
from the top surface. The mold plate is placed over the plate 
with the corresponding pegs and lowered. As the plates come to- 
gether, the pegs force the tablet triturates from the molds. They 
remain on the tops of the pegs until dry, and they can be han- 
dled (see Fig 45-33). In some hand molds, as shown in Figure 
45-34, the pegs are forced down onto the plate holding the moist 
trituration. 

  

  
Figure 45-34. Tablet triturate mold (courtesy, Vector/Colton). 

   



  

  

FORMULATION 

In developing a formula it is essential to know the blank weight 
of the mold that is to be used. To determine this, the weight of 
the diluent that exactly fills all the openings in the mold is de- 
termined by experiment. This amount of diluent is weighed and 
placed aside. The total amount of the drug required is deter- 
mined by multiplying the number of perforations in the plate 
used in the previous experiment by the amount of drug desired 
in each tablet. The comparative bulk of this medication is com- 
pared with that of an equal volume of diluent and that quantity 
of diluent is removed and weighed. The drug and the remaining 
diluent are mixed by trituration, and the resulting triturate is 
moistened and forced into the openings of the mold. If the 
perforations are not filled completely, more diluent is added, its 
weight noted, and the formula written from the results of the 
experiments. 

It is also permissible in the development of the formula to 
weigh the quantity of medication needed for the number of 
tablets represented by the number of perforations in the mold, 
triturate with a weighed portion (more than 1/2) of the diluent, 
moisten the mixture, and press it into the perforations of the 
mold. An additional quantity of the diluent is moistened imme- 
diately and also forced into the perforations in the plate until 
they are filled completely. All excess diluent is removed, the trial 
tablets are forced from the mold, then triturated until uniform, 
moistened again, if necessary, and remolded. When these 
tablets are dried thoroughly and weighed, the difference be- 
tween their total weight and the weight of medication taken will 
indicate the amount of diluent required and accordingly supply 
the formula for future use for that particular tablet triturate. 

PREPARATION 

The mixed powders are moistened with a proper mixture of al- 
cohol and water, although other solvents or moistening agents 
such as acetone, petroleum benzin, and various combinations of 

these may be used in specific cases; the agent of choice depends 
on the solvent action that it will exert on the powder mixture. 
Often the moistening agent is 50% alcohol, but this concentra- 
tion may be increased or decreased depending on the con- 
stituents of the formula. Care must be used in adding the sol- 
vent mixture to the powder. If too much is used, the mass will 
be soggy and will require a long time to dry, and the finished 
tablet will be hard and slowly soluble; if the mass is too wet, 

shrinkage will occur in the molded tablets; finally, a condition 
known as creeping will be noticed. Creeping is the concentra- 
tion of the medication on the surface of the tablet caused by cap- 
illarity and rapid evaporation of the solvent from the surface. 
Because molded tablets by their very nature are quite friable, 
an inaccurate strength in each tablet may result from creeping 
if powder is lost from the tablet’s surface. On the other hand, if 
an insufficient amount of moistening agent is used, the mass 
will not have the proper cohesion to make a firm tablet. The cor- 
rect amount of moistening agent can be determined initially 
only by experiment. 

HAND-MOLDING TABLET TRITURATES 

In preparing hand-molded tablets place the mold plate on a 
glass plate. The properly moistened material is pressed into the 
perforations of the mold with a broad spatula, exerting uniform 
pressure over each opening. The excess material is removed by 
passing the spatula at an oblique angle, with strong hand pres- 
sure, over the mold to give a clean, flat surface. The material 
thus removed should be placed with the remainder of the un- 
molded material. 

The mold with the filled perforations should be reversed and 
moved to another clean part of the plate where the pressing op- 
eration with the spatula is repeated. It may be necessary to add 
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more material to fill the perforations completely and uniformly. 
The mold should be allowed to stand in a position so that part 
of the moistening agent will evaporate equally from both faces. 
While the first plate is drying, another mold can be prepared. 
As soon as the second mold has been completed, the first mold 
should be sufficiently surface-dried so that the pegs will press 
the tablets from the mold with a minimum of sticking. 

To remove the tablets from the mold, place the mold over the 
peg plate so that the pegs and the perforations are in juxtapo- 
sition. The tablets are released from the mold by hand pressure, 
which forces the pegs through the perforations. The ejected 
tablets are spread evenly in single layers on silk trays and dried 
in a clean, dust-free chamber with warm, circulating air. If only 
a small quantity of tablet triturates is made and no warm-air 
oven is available, the tablet triturates may be dried to constant 
weight at room temperature. 

MACHINE-MOLDING TABLET 
TRITURATES 

Tablet triturates also can be made using mechanical equip- 
ment. The automatic tablet triturate machine illustrated in 
Figure 45-35 makes tablet triturates at a rate of 2500/min. For 
machine-molding, the powder mass need not be as moist as for 
plate-molding, since the time interval between forming the 
tablets and pressing them is considerably shorter. The moist- 
ened mass passes through the funnel of the hopper to the feed 
plates below. In this feed plate are four holes having the same 
diameter as the mouth of the funnel. The material fills one hole 
at a time and, when filled, revolves to a position just over the 
mold plate. When in position the weighted pressure foot lowers 
and imprisons the powder. At the same time a spreader in the 
sole of the pressure foot rubs it into the mold cavities and evens 
it off so that the triturates are smooth on the surface and are of 
uniform density. When this operation is completed, the mold 
passes to the next position, where it registers with a nest of 
punches or pegs that eject the tablets from the mold plate onto 
a conveyor belt. The conveyor belt sometimes is extended to a 
length of 8 or 10 ft. under a battery of infrared drying lamps to 
hasten the setting of the tablets for more rapid handling. This 
method of drying can be used only if the drug is chemically sta- 
ble to these drying conditions. 

  Figure 45-35. Automatic tablet triturate machine (courtesy, Vector- 
Colton). 
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COMPRESSED TABLET TRITURATES 

Frequently, tablet triturates are prepared on compression 
tablet machines using flat-face punches. When solubility and a 
clear solution are required, water-soluble lubricants must be 
used to prevent sticking to the punches. The granulations are 
prepared as directed for ordinary compressed tablets; lactose 
generally is used as the diluent. Generally, tablet triturates 
prepared by this method are not as satisfactory as the molded 
type regarding their solubility and solution characteristics. 

TABLET CHARACTERISTICS 

Compressed tablets may be characterized or described by a 
number of specifications. These include the diameter size, 
shape, thickness, weight, hardness, disintegration time, and 
dissolution characteristics. The diameter and shape depend on 
the die and the punches selected for the compression of the 
tablet. Generally, tablets are discoid in shape, although they 
may be oval, oblong, round, cylindrical, or triangular. Their up- 
per and lower surfaces may be flat, round, concave, or convex to 

various degrees. The concave punches (used to prepare convex 
tablets) are referred to as shallow, standard, and deep cup, de- 
pending on the degree of concavity (see Figs 45-17 to 45-20). 
The tablets may be scored in halves or quadrants to facilitate 
breaking if a smaller dose is desired. The top or lower surface 
may be embossed or engraved with a symbol or letters that 
serve as an additional means of identifying the source of the 
tablets. These characteristics along with the color of the tablets 
tend to make them distinctive and identifiable with the active 
ingredient that they contain. 

The remaining specifications assure the manufacturer that 
the tablets do not vary from one production lot to another. In 
the case of new tablet formulations their therapeutic efficacy is 
demonstrated through clinical trials, and it is the manufac- 
turer’s aim to reproduce the same tablet with the exact charac- 
teristics of the tablets that were used in the clinical evaluation 
of the dosage form. Therefore, from the control viewpoint these 
specifications are important for reasons other than physical ap- 
pearance. 

Tablet Hardness 

The resistance of the tablet to chipping, abrasion, or breakage 
under conditions of storage, transportation, and handling be- 
fore usage depends on its hardness. In the past, a rule of thumb 
described a tablet to be of proper hardness if it was firm enough 
to break with a sharp snap when it was held between the 2nd 
and 3rd fingers and using the thumb as the fulcrum, yet didn’t 
break when it fell on the floor. For obvious reasons and control 
purposes a number of attempts have been made to quantitate 
the degree of hardness. 

A small and portable hardness tester was manufactured and 
introduced in the mid-1930s by Monsanto. It now is distributed 
by the Stokes Div (Pennwalt) and may be designated as either 
the Monsanto or Stokes hardness tester. The instrument mea- 
sures the force required to break the tablet when the force gen- 
erated by a coil spring is applied diametrically to the tablet. The 
force is measured in kilograms and when used in production, a 
hardness of 4 kg is considered to be minimum for a satisfactory 
tablet. 

The Strong-Cobb hardness tester introduced in 1950 also 
measures the diametrically applied force required to break the 
tablet. In this instrument the force is produced by a manually 
operated air pump. As the pressure is increased, a plunger is 
forced against the tablet placed on anvil. The final breaking 
point is indicated on a dial calibrated into 30 arbitrary units. 
The hardness values of the Stokes and Strong-Cobb instruments 
are not equivalent. Values obtained with the Strong-Cobb tester 
have been found to be 1.6 times those of the Stokes tester. 

Another instrument is the Pfizer hardness tester, which op- 
erates on the same mechanical principle as ordinary pliers. The 
force required to break the tablet is recorded on a dial and may 
be expressed in either kilograms or pounds of force. In an ex- 
perimental comparison of testers the Pfizer and the Stokes 
testers were found to check each other fairly well. Again the 
Strong-Cobb tester was found to give values 1.4 to 1.7 times the 
absolute values on the other instruments. 

The most widely used apparatus to measure tablet hardness 
or crushing strength is the Schleuniger apparatus, also known 
as the Heberlein, distributed by Vector. This and other, newer, 
electrically operated test equipment eliminate the operator 
variability inherent in the measurements described above. 
Newer equipment is also available with printers to provide a 
record of test results. See Figure 45-36. 

Manufacturers, such as Key, Van Kel, Erweka, and others, 
make similar hardness testers. 

Hardness (or more appropriately, crushing strength) deter- 
minations are made throughout the tablet runs to determine 
the need for pressure adjustments on the tableting machine. If 
the tablet is too hard, it may not disintegrate in the required pe- 
riod of time or meet the dissolution specification; if it is too soft, 
it will not withstand the handling during subsequent process- 
ing such as coating or packaging and shipping operations. 

A tablet property related to hardness is friability, and the 
measurement is made by use of the Roche friabilator. Rather 
than a measure of the force required to crush a tablet, the in- 
strument is designed to evaluate the ability of the tablet to 
withstand abrasion in packaging, handling, and shipping. A 
number of tablets are weighed and placed in the tumbling ap- 
paratus where they are exposed to rolling and repeated shocks 
resulting from freefalls within the apparatus. After a given 
number of rotations the tablets are weighed, and the loss in 
weight indicates the ability of the tablets to withstand this type 
of wear (Fig 45-37). 

Recent research has proposed that there are at least three 
measurable hardness parameters that can give a clue to the 
compatibility and intrinsic strength of powdered materials. 
These include bonding strength, internal strain, and brittle- 
ness. Hiestand proposed indices to quantify these parameters, 
and they are listed in Table 45-4 for a number of materials. 

The higher the bonding index, the stronger a tablet is likely 
to be. The higher the strain index, the weaker the tablet. Since 
the two parameters are opposite in their effect on the tablet, it 
is possible for a material (such as Avicel) to have a relatively 
high strain index, but yet have superior compaction properties 
because of an extraordinary bonding potential. The higher the 
brittleness index, the more friable the tablet is likely to be. For 

  
Figure 45-36. The Schleuniger or Heberlein tablet hardness tester shown 
with calibration blocks (courtesy, Vector). 

   



  

    

Figure 45-37. The Roche friabilator (courtesy, Hoffmann-LaRoche). 

a more detailed discussion of this subject, the reader is directed 
to References 22, 37, 38. 

A similar approach is taken by many manufacturers when 
they evaluate a new product in the new market package by 
sending the package to distant points and back using various 
methods of transportation. This is called a shipping test. The 
condition of the product on its return indicates its ability to 
withstand transportation handling. 

Tablet Thickness 

The thickness of the tablet from production-run to production- 
run is controlled carefully. Thickness can vary with no change 
in weight because of difference in the density of the granulation 
and the pressure applied to the tablets, as well as the speed of 
tablet compression. Not only is the tablet thickness important 
in reproducing tablets identical in appearance but also to en- 
sure that every production lot will be usable with selected 
packaging components. If the tablets are thicker than specified, 
a given number no longer may be contained in the volume of a 
given size bottle. Tablet thickness also becomes an important 
characteristic in counting tablets using filling equipment. Some 
filling equipment uses the uniform thickness of the tablets as a 
counting mechanism. A column containing a known number of 
tablets is measured for height; filling is accomplished by con- 
tinually dropping columns of tablets of the same height into 
bottles. If thickness varies throughout the lot, the result will be 
variation in count. Other pieces of filling equipment can mal- 
function because of variation in tablet thickness, since tablets 
above specified thickness may cause wedging of tablets in pre- 
viously adjusted depths of the counting slots. Tablet thickness 
is determined with a caliper or thickness gauge that measures 
the thickness in millimeters. Plus or minus 5% may be allowed, 
depending on the size of the tablet. 

Table 45-4. Hiestand Compaction Indices for a Number 
of Materials 
  

  

BONDING STRAIN BRITTLENESS 
MATERIAL INDEX INDEX INDEX 

Aspirin 1.5 1.11 0.16 
Dicalcium phosphate 1.3 1.13 0.15 
Lactose anhydrous 0.8 1.40 0.27 
Avicel pH 102 4.3 2.20 0.04 
Corn starch 0.4 2.48 0.26 
Sucrose NF 1.0 1.45 0.35 
Erythromycin dihydrate 1.9 2.13 0.98 
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Uniformity of Dosage Forms 

TABLET WEIGHT—The volumetric fill of the die cavity 
determines the weight of the compressed tablet. In setting up 
the tablet machine the fill is adjusted to give the desired tablet 
weight. The weight of the tablet is the quantity of the granula- 
tion that contains the labeled amount of the therapeutic ingre- 
dient. After the tablet machine is in operation the weights of 
the tablets are checked routinely, either manually or electroni- 
cally, to ensure that proper-weight tablets are being made. This 
has become rather routine in most manufacturing operations 
with newer, electronically controlled tablet presses. The USP 
has provided tolerances for the average weight of uncoated 
compressed tablets. These are applicable when the tablet con- 
tains 50 mg or more of the drug substance or when the latter 
comprises 50% or more, by weight, of the dosage form. Twenty 
tablets are weighed individually, and the average weight is cal- 
culated. The variation from the average weight in the weights 
of not more than two of the tablets must not differ by more than 
the percentage listed below; no tablet differs by more than dou- 
ble that percentage. Tablets that are coated are exempt from 
these requirements but must conform to the test for content 
uniformity if it is applicable. 

  

AVERAGE WEIGHT PERCENT DIFFERENCE 
130 mg or less 10 
More than 130 mg through 

324 mg 75 
More than 324 mg 5 
  

CONTENT UNIFORMITY—To ensure that every tablet 
contains the amount of drug substance intended, with little 
variation among tablets within a batch, the USP includes the 
content uniformity test for certain tablets. Due to the increased 
awareness of physiological availability, the content uniformity 
test has been extended to monographs on all coated and un- 
coated tablets and all capsules intended for oral administration 
where the range of sizes of the dosage form available includes a 
50 mg or smaller size, in which case the test is applicable to all 
sizes (50 mg and larger and smaller) of that tablet or capsule. 
The official compendia can be consulted for the details of the 
test. Tablet monographs with a content uniformity requirement 
do not have a weight variation requirement. 

Tablet Disintegration 

It is recognized generally that the in vitro tablet disintegration 
test does not necessarily bear a relationship to the in vivo ac- 
tion of a solid dosage form. To be absorbed, a drug substance 
must be in solution, and the disintegration test is a measure 
only of the time required under a given set of conditions for a 
group of tablets to disintegrate into particles. Generally, this 
test is useful as a quality-assurance tool for conventional (non- 
sustained-release) dosage forms. In the present disintegration 
test the particles are those that will pass through a 10-mesh 
screen. In a comparison of disintegration times and dissolution 
rates or initial absorption rates of several brands of aspirin 
tablets, it was found that the faster-absorbed tablets had the 
longer disintegration time. Regardless of the lack of signifi- 
cance as to in vivo action of the tablets, the test provides a 
means of control in ensuring that a given tablet formula is the 
same as regards disintegration from one production batch to 
another. The disintegration test is used as a control for tablets 
intended to be administered by mouth, except for tablets in- 
tended to be chewed before being swallowed or tablets designed 
to release the drug substance over a period of time. 

Exact specifications are given for the test apparatus, inas- 
much as a change in the apparatus can cause a change in the re- 
sults of the test. The apparatus consists of a basket rack holding 
six plastic tubes, open at the top and bottom; the bottom of the 
tubes is covered with 10-mesh screen. See Figure 45-38. The bas- 
ket rack is immersed in a bath of suitable liquid, held at 37°C, 

   



  

  

918 PART 5: PHARMACEUTICAL MANUFACTURING 

  
Figure 45-38. Vanderkamp tablet disintegration tester (courtesy, 
VankKel). 

preferably in a 1-L beaker. The rack moves up and down in the 
fluid at a specified rate. The volume of the fluid is such that on 
the upward stroke the wire mesh remains at least 2.5 cm below 
the surface of the fluid and descends to not less than 2.5 cm 
from the bottom on the downward stroke. Tablets are placed in 
each of the six cylinders along with a plastic disc over the tablet 
unless otherwise directed in the monograph. The endpoint of 
the test is indicated when any residue remaining is a soft mass 
with no palpably soft core. The plastic discs help to force any 
soft mass that forms through the screen. 

For compressed, uncoated tablets the testing fluid is usually 
water at 37°, but in some cases the monographs direct that Sim- 
ulated Gastric Fluid TS be used. If one or two tablets fail to dis- 
integrate, the test is to be repeated using 12 tablets. Of the 18 
tablets then tested, 16 must have disintegrated within the 
given period of time. The conditions of the test are varied some- 
what for coated tablets, buccal tablets, and sublingual tablets. 
Disintegration times are included in the individual tablet 
monograph. For most uncoated tablets the period is 30 min, al- 
though the time for some uncoated tablets varies greatly from 
this. For coated tablets up to 2 hr may be required, while for 

sublingual tablets, such as CT Isoproterenol Hydrochloride, the 
disintegration time is 3 min. For the exact conditions of the test, 
consult the USP. 

Dissolution Test 

For certain tablets the monographs direct compliance with lim- 
its on dissolution rather than disintegration. Since drug ab- 
sorption and physiological availability depend on having the 
drug substance in the dissolved state, suitable dissolution char- 
acteristics are an important property of a satisfactory tablet. 
Like the disintegration test, the dissolution test for measuring 
the amount of time required for a given percentage of the drug 
substance in a tablet to go into solution under a specified set of 
conditions is an in vitro test. It is intended to provide a step to- 
ward the evaluation of the physiological availability of the drug 
substance, but as described currently, it is not designed to mea- 
sure the safety or efficacy of the tablet being tested. Both the 
safety and effectiveness of a specific dosage form must be 
demonstrated initially by means of appropriate in vivo studies 
and clinical evaluation. Like the disintegration test, the disso- 
lution test does provide a means of control in ensuring that a 
given tablet formulation is the same as regards dissolution as 
the batch of tablets shown initially to be clinically effective. It 
also provides an in vitro control procedure to eliminate varia- 
tions among production batches. Refer to Chapter 35 for a com- 
plete discussion of dissolution testing. 

Validation 

In this era of increasing regulatory control of the pharmaceuti- 
cal industry, manufacturing procedures cannot be discussed 
without the mention of some process-validation activity. By 
way of documentation, product testing, and perhaps in-process 
testing as well, manufacturers can demonstrate that their for- 
mulas and processes perform in the manner expected and that 
they do so reproducibly. 

Although the justification for requiring validation is found 
in the regulations relating to Current Good Manufacturing 
Practices for Finished Pharmaceuticals as well as other 
sources, there is still much room for interpretation, and the pro- 
cess varies from one company to another. General areas of 
agreement appear to be that 

The validation activity must begin in R&D and continue through product 
introduction. 

Documentation is the key. 
In general, three batches represent an adequate sample for validation. 

The FDA has rejected historical data or retrospective valida- 
tion. They require that new products be validated from begin- 
ning to end, a process called prospective validation. 

CAPSULES 

Capsules are solid dosage forms in which the drug substance is 
enclosed in either a hard or soft, soluble container or shell of a 

suitable form of gelatin. The soft gelatin capsule was invented 
by Mothes, a French pharmacist, in 1833. During the following 
year DuBlanc obtained a patent for his soft gelatin capsules. In 
1848 Murdock patented the two-piece hard gelatin capsule. Al- 
though development work has been done on the preparation of 
capsules from methylcellulose, starch and calcium alginate, 
gelatin, because of its unique properties, remains the primary 
composition material for the manufacture of capsules. The 
gelatin used in the manufacture of capsules is obtained from 
collagenous material by hydrolysis. There are two types of 
gelatin, Type A, derived mainly from pork skins by acid pro- 
cessing, and Type B, obtained from bones and animal skins by 

alkaline processing. Blends are used to obtain gelatin solutions 
with the viscosity and bloom strength characteristics desirable 
for capsule manufacture.” 

The encapsulation of medicinal agents remains a popular 
method for administering drugs. Capsules are tasteless, eas- 
ily administered, and easily filled either extemporaneously or 
in large quantities commercially. In prescription practice the 
use of hard gelatin capsules permits a choice in prescribing 
a single drug or a combination of drugs at the exact dosage 
level considered best for the individual patient. This flexibil- 
ity is an advantage over tablets. Some patients find it easier 
to swallow capsules than tablets, therefore preferring to take 
this form when possible. This preference has prompted phar- 
maceutical manufacturers to market the product in capsule 

   



  

  

form, even though the product already has been produced 
in tablet form. While the industry prepares approximately 
75% of its solid dosage forms as compressed tablets, 23% as 
hard gelatin capsules, and 2% as soft elastic capsules, market 
surveys have indicated a consumer preference of 44.2% for 
soft elastic capsules, 39.6% for tablets, and 19.4% for hard 
gelatin capsules.”’ 

HARD GELATIN CAPSULES 

The hard gelatin capsule, also referred to as the dry-filled cap- 
sule (DFC), consists of two sections, one slipping over the 
other, thus completely surrounding the drug formulation. The 
classic capsule shape is illustrated in Figure 45-39. These 
capsules are filled by introducing the powdered material into 
the longer end or body of the capsule and then slipping on the 
cap. Hard gelatin capsules are made largely from gelatin, 
FD&C colorants, and sometimes an opacifying agent such 
as titanium dioxide; the USP permits the gelatin for this pur- 
pose to contain 0.15% sulfur dioxide to prevent decomposition 
during manufacture. Hard gelatin capsules contain 12-16% 
water, but the water content can vary depending on the stor- 
age conditions. When the humidity is low, the capsules be- 
come brittle; if stored at high humidities, the capsules become 
flaccid and lose their shape. Storage in high-temperature 
areas also can affect the quality of hard gelatin capsules. 
Gelatin capsules do not protect hygroscopic materials from 
atmospheric water vapor, as moisture can diffuse through the 
gelatin wall. 

Companies having equipment for preparing empty hard 
gelatin capsules include Lilly, Parke-Davis, Scherer, and 
SmithKline. The latter's production is mainly for its own use; 
the others are suppliers to the industry. With this equipment, 
stainless steel pins, set in plates, are dipped into the gelatin so- 
lution, which must be maintained at a uniform temperature 
and an exact degree of fluidity. If the gelatin solution varies in 
viscosity, it correspondingly will decrease or increase the thick- 
ness of the capsule wall. This is important since a slight varia- 
tion is sufficient to make either a loose or a tight joint. When 
the pins have been withdrawn from the gelatin solution, they 
are rotated while being dried in kilns through which a strong 
blast of filtered air with controlled humidity is forced. Each cap- 
sule is stripped, trimmed to uniform length and joined, the en- 
tire process being mechanical. Capsule-making equipment is il- 
lustrated in Figures 45-40 and 45-41. These show the stainless 
steel pins being dipped into the gelatin solutions and then be- 
ing rotated through the drying kiln. 

Capsules are supplied in a variety of sizes. The hard, empty 
capsules (Fig 45-39) are numbered from 000, the largest size 
that can be swallowed, to 5, which is the smallest. Larger sizes 

are available for use in veterinary medicine. The approximate 
capacity for capsules from 000 to 5 ranges from 600 to 30 mg, 
although this will vary because of the different densities of pow- 
dered drug materials. 

Commercially filled capsules have the conventional oblong 
shape illustrated, with the exception of capsule products by 
Lilly and SmithKline, which are of distinctive shape. For Lilly 

  
Figure 45-39. Hard gelatin capsules showing relative sizes (courtesy, 
Parke-Davis). 
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Figure 45-40. Manufacture of hard gelatin capsules by dipping stainless 
steel pins into gelatin solutions (courtesy, Lilly). 

products, capsules are used in which the end of the base is ta- 
pered to give the capsule a bullet-like shape; products encapsu- 
lated in this form are called Pulvules. The SmithKline capsules 
differ in that both ends of the cap and body are angular, rather 
than round. 

After hard gelatin capsules are filled and the cap applied, 
there are a number of methods used to ensure that the capsules 
will not come apart if subjected to vibration or rough handling, 
as in high-speed counting and packaging equipment. The cap- 
sules can be spot-welded by means of a heated metal pin 
pressed against the cap, fusing it to the body, or they may be 
banded with molten gelatin laid around the joint in a strip and 
dried. Colored gelatin bands around capsules have been used 
for many years as a trademark by Parke-Davis for their line of 
capsule products, Kapseals. Another approach was used in the 
Snap-Fit and Coni-Snap capsules. A pair of matched locking 
rings are formed into the cap and body portions of the capsule. 
Prior to filling, these capsules are slightly longer than regular 
capsules of the same size. When the locking rings are engaged 
after filling, their length is equivalent to that of the conven- 
tional capsule. 

Following several tampering incidents, many pharmaceuti- 
cal companies now use any number of locking and sealing tech- 
nologies to manufacture and distribute these very useful 
dosage forms safely. Unfortunately, tamper-resistant packag- 
ing has become standard for capsule products. 
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wii   Figure 45-41. Formed capsules being dried by rotating through a drying 

kiln (courtesy, Lilly). 
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Figure 45-42. Hand-operated capsule machine (courtesy, Chemi-Pharm). 

It is usually necessary for the pharmacist to determine the 
size of the capsule needed for a given prescription through ex- 
perimentation. The experienced pharmacist, having calculated 
the weight of material to be held by a single capsule, often will 
select the correct size immediately. If the material is powdered, 
the base of the capsule is filled and the top is replaced. If the 
material in the capsule proves to be too heavy after weighing, a 
smaller size must be taken and the test repeated. If the filled 
capsule is light, it is possible that more can be forced into it by 
increasing the pressure or, if necessary, some of the material 
may be placed in the cap. This is not desirable as it tends to de- 
crease the accuracy of subdivision and it is much better to se- 
lect another size, whose base will hold exactly the correct quan- 
tity. In prescription filling it is wise to check the weight of each 
filled capsule. 

In addition to the transparent, colorless, hard gelatin cap- 
sule, capsules are also available in various transparent colors 
such as pink, green, reddish brown, blue, yellow, and black. If 

they are used, it is important to note the color as well as the 
capsule size on the prescription so that in the case of renewal 
the refilled prescription will duplicate the original. Colored 
capsules have been used chiefly by manufacturers to give aspe- 
cialty product a distinctive appearance. Titanium dioxide is 
added to the gelatin to form white capsules or to make an 
opaque, colored capsule. In addition to color contrasts, many 
commercial products in capsules are given further identifica- 
tion by markings, which may be the company’s name, a symbol 
on the outer shell of the capsule, or banding. Some manufac- 
turers mark capsules with special numbers based on a coded 
system to permit exact identification by the pharmacist or 
physician. 

Extemporaneous Filling Methods 

When filling capsules on prescription, the usual procedure is to 
mix the ingredients by trituration, reducing them to a fine and 
uniform powder. The principles and methods for the uniform 
distribution of an active medicinal agent in a powder mixture 
are discussed in Chapter 37. Granular powders do not pack 
readily in capsules, and crystalline materials, especially those 
that consist of a mass of filament-like crystals such as the qui- 
nine salts, are not fitted easily into capsules unless powdered. 
Eutectic mixtures that tend to liquefy may be dispensed in cap- 
sules if a suitable absorbent such as magnesium carbonate is 
used. Potent drugs given in small doses usually are mixed with 
an inert diluent such as lactose before filling into capsules. 
When incompatible materials are prescribed together, it is 
sometimes possible to place one in a smaller capsule and then 
enclose it with the second drug in a larger capsule. 

Usually, the powder is placed on paper and flattened with a 
spatula so that the layer of powder is not greater than about % 
the length of the capsule that is being filled. This helps to keep 
both the hands and capsules clean. The cap is removed from the 
selected capsule and held in the left hand; the body is pressed 
repeatedly into the powder until it is filled. The cap is replaced 
and the capsule is weighed. In filling the capsule the spatula is 
helpful in pushing the last quantity of the material into the cap- 
sule. If each capsule has not been weighed, there is likely to be 
an excess or a shortage of material when the specified number 
of capsules have been packed. This condition is adjusted before 
dispensing the prescription. 

A number of manual filling machines and automatic capsule 
machines are available for increasing the speed of the capsule- 
filling operation. Figure 45-42 illustrates a capsule-filling ma- 
chine that was known formerly as the Sharp & Dohme machine. 
This equipment is now available through ChemiPharm. Many 
community pharmacists find this a useful piece of apparatus, 
and some pharmaceutical manufacturers use it for small-scale 
production of specialty items. The machine fills 24 capsules at a 
time with the possible production of 2000 per day. Entire cap- 
sules are placed in the machine by hand; the lower plate carries 
a clamp that holds the capsule bases and makes it possible to re- 
move and replace the caps mechanically. The plate holding the 
capsule bases is perforated for three sizes of capsules. The pow- 
der is packed in the bases; the degree of accuracy depends on the 
selection of capsule size and the amount of pressure applied in 
packing. The hand-operated machine (Model 300, ChemiPharm) 
illustrated in Figure 45-43 has a production capacity of 2000 cap- 
sules per hour. The machine is made for a single capsule size and 
cannot be changed over for other sizes. A different machine is re- 
quired for any additional capsule size. Its principle of operation 
is similar to that of the Sharp & Dohme machine. 

Machine Filling Methods 

Large-scale filling equipment for capsules operates on the same 
principle as the manual machines described above, namely 
the filling of the base of the capsule. Compared with tablets, 

  
Figure 45-43. Hand-operated capsule machine, Model 300 (courtesy, 
ChemiPharm). 

   



  

  

Table 45-5. Capsule Fill Chart 
CAPSULE FILL WEIGHTS (MG) BASED ON SIZE AND DENSITY 
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CAPSULE VOLUME (mL)   

  

  

0.95 0.78 0.68 0.54 0.5 0.37 03 0.25 021 0.13 
POWDER ei CAPSULE SIZE 

(g/ml) 00 Oel 0 Tel 1 2 3 del 4a 5 

0.3 285 234 204 162 150 111 90 75 63 39 
0.4 380 312 272 216 200 148 120 100 84 52 
0.5 475 390 340 270 250 185 150 125 105 65 
0.6 570 468 408 324 300 222 180 150 126 78 
0.7 665 546 476 378 350 259 210 175 147 91 
0.8 760 624 544 432 400 296 240 200 168 104 
0.9 855 702 612 486 450 333 270 225 189 117 
1.0 950 780 680 540 500 370 300 250 210 130 
1.1 1045 858 748 594 550 407 330 275 231 143 
1.2 1140 936 816 648 600 444 360 300 252 156 
1.3 1235 1014 884 702 650 481 390 325 273 169 
1.4 1330 1092 952 756 700 518 420 350 294 182 
1.5 1425 1170 1020 810 750 555 450 375 315 195 
  

powders for filling into hard gelatin capsules require a mini- 
mum of formulation efforts. The powders usually contain dilu- 
ents such as lactose, mannitol, calcium carbonate, or magne- 
sium carbonate. Since the flow of material is of great 
importance in the rapid and accurate filling of the capsule bod- 
ies, lubricants such as the stearates also are used frequently. 

Because of the absence of numerous additives and manufac- 
turing processing, the capsule form is used frequently to ad- 
minister new drug substances for evaluation in initial clinical 
trials. However, it is now realized that the additives present in 
the capsule formulation, like the compressed tablet, can influ- 
ence the release ofthe drug substance from the capsule. Tablets 
and capsules of a combination product containing triamterene 
and hydrochlorothiazide in a 2:1 ratio were compared clinically. 
The tablet caused approximately twice as much excretion of hy- 
drochlorothiazide and three times as much triamterene as the 
capsule.” 
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Figure 45-44. Schematic of Type 8 capsule-filling machine (courtesy, 
Parke-Davis). 

Most equipment operates on the principle by which the base 
of the capsule is filled and the excess is scraped off. Therefore, 
the active ingredient is mixed with sufficient volume of a dilu- 
ent, usually lactose or mannitol, to give the desired amount of 
the drug in the capsule when the base is filled with the powder 
mixture. The manner of operation of the machine can influence 
the volume of powder that will be filled into the base of the cap- 
sule; therefore, the weights of the capsules must be checked 
routinely as they are filled. See Table 45-5. 

Semiautomatic capsule-filling machines manufactured by 
Parke-Davis and Lilly are illustrated in Figures 45-44 and 45- 
45. The Type 8 capsule-filling machine performs mechanically 
under the same principle as the hand filling of capsules. This 
includes separation of the cap from the body, filling the body 
half, and rejoining the cap and body halves. 

Empty capsules are taken from the bottom of the capsule 
hopper into the magazine. The magazine gauge releases one 

  
Figure 45-45. Type 8 capsule-filling machine (courtesy, Lilly). 
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capsule from each tube at the bottom of each stroke of the ma- 
chine. Leaving the magazine, the capsules drop onto the tracks 
of the raceway and are pushed forward to the rectifying area 
with a push blade. The rectifier block descends, turning the 
capsules in each track, cap up, and drops them into each row of 
holes in the capsule-holding ring assembly. 

As the capsules fall into the holding ring, the cap half has a 
seat on the counter bore in each hole for the top ring. The body 
half is pulled by vacuum down into the bottom ring. When all 
rows in the ring assembly are full, the top ring, filled with caps 
only, is removed and set aside for later assembly. The body 
halves now are located in the bottom ring, ready for filling. 

The ring holding the body halves is rotated at one of eight 
speeds on the rotary table. The drug hopper is swung over the 
rotating ring, and the auger forces drug powder into the open 
body cavities. When the ring has made a complete revolution 
and the body halves have been filled, the hopper is swung aside. 
The cap-holding ring is placed over the body-holding ring and 
the assembly is ready for joining. The capsule-holding ring as- 
sembly is placed on the joiner and the joiner plate is swung 
down into position to hold the capsules in the ring. The peg ring 
pins are entered in the holes of the body holding ring and 
tapped in place by the air cylinder pushing the body halves back 
into the cap halves. 

The holding-ring assembly is now pushed by hand back onto 
the peg ring away from the joiner plate, thus pushing the cap- 
sules out of the holding-ring assembly. The joined capsules then 
fall through the joiner chute into the capsule receiver box. The 
capsule receiver box screens the excess powder from the cap- 
sules and delivers them to any convenient container. 

Many companies use the Type 8 capsule-filling equipment 
for small-scale manufacture and clinical supplies for investi- 
gational use because of its ease of operation, low cost, and ex- 
treme flexibility. A Type 8 capsule filling machine will pro- 
duce approximately 200,000 capsules per day. This, of course, 
depends upon the operator and the type of material being 
filled. For this machine, a mathematical model has been de- 
veloped that describes the effect of selected physical powder 
properties as well as mechanical operating conditions on the 
capsule-filling operation. While the Type 8 capsule-filling ma- 
chine has been in existence for many years, recent modifica- 
tions have been made to this machine to improve the capsule- 
filling operations. 

There are several pieces of equipment available that are 
classified as automatic capsule-filling machines. These are au- 
tomatic in the sense that one operator can handle more than 
one machine. In this category are the Italian-made Zanasi 
(United Machinery) and MG-2 (Supermatic) models, plus the 
West German-made Hoefliger & Karg models (Bosch). 

Automatic capsule machines are capable of filling either 
powder or granulated products into hard gelatin capsules. With 
accessory equipment these machines also can fill pellets or 
place a tablet into the capsule with the powder or pellets. The 
capsules are fed at random into a large hopper. They are ori- 
ented as required and transferred into holders where the two 
halves are separated by suction. The top-half and bottom-half 
of the capsules are in separate holders, which at this stage take 
diverting directions. 

A set of filling heads collects the product from the hopper, 
compresses it into a soft slug, and inserts this into the bottom 
half of the capsule. After filling, each top-halfis returned to the 
corresponding bottom-half. The filled capsules are ejected, and 
an air blast at this point separates possible empty capsules 
from the filled. The machines can be equipped to handle all 
sizes of capsules. Depending upon the make and model, speeds 
from 9000 to 150,000 units per hour can be obtained (see Figs 
45-46 to 45-48). 

All capsules, whether they have been filled by hand or by 
machine, will require cleaning. Small quantities of capsules 
may be wiped individually with cloth. Larger quantities are ro- 
tated or shaken with crystalline sodium chloride. The capsules 
then are rolled on a cloth-covered surface.   

Figure 45-46. MG-2, automatic capsule-filling machine (courtesy, 

Supermatic). 

Uniformity of Dosage Units 

The uniformity of dosage forms can be demonstrated by either 
of two methods, weight variation or content uniformity. Weight 
variation may be applied when the product is a liquid-filled, 
soft, elastic capsule or when the hard gelatin capsule contains 
50 mg or more of a single active ingredient comprising 50% or 
more, by weight, of the dosage form. See the official compendia 
for details. 

Disintegration tests usually are not required for capsules 
unless they have been treated to resist solution in gastric fluid 
(enteric-coated). In this case they must meet the requirements 
for disintegration of enteric-coated tablets. For certain capsule 
dosage forms a dissolution requirement is part of the mono- 
graph. Procedures used are similar to those employed in the 
case of compressed tablets. 

  
Figure 45-47. Zanasi automatic filling machine, Model AZ-60. The set of 
filling heads shown at the left collects the powder from the hopper, com- 

presses it into a soft slug, and inserts it into the bottom half of the cap- 
sule (courtesy, United Machinery). 

   



  

    

Figure 45-48. Hoefliger & Karg automatic capsule-filling machine, Model 
GFK 1200 (courtesy, Amaco). 

SOFT ELASTIC CAPSULES 

The soft elastic capsule (SEC) is a soft, globular, gelatin shell 
somewhat thicker than that of hard gelatin capsules. The gela- 
tion is plasticized by the addition of glycerin, sorbitol, or a sim- 
ilar polyol. The soft gelatin shells may contain a preservative to 
prevent the growth of fungi. Commonly used preservatives are 
methyl- and propylparabens and sorbic acid. When the sus- 
pending vehicle or solvent can be an oil, soft gelatin capsules 
provide a convenient and highly acceptable dosage form. Large- 
scale production methods generally are required for the prepa- 
ration and filling of soft gelatin capsules. 

Formerly, empty soft gelatin capsules were available to the 
pharmacist for the extemporaneous compounding of solutions 
or suspensions in oils. Commercially filled soft gelatin cap- 
sules come in a wide choice of sizes and shapes; they may 
be round, oval, oblong, tubular, or suppository-shaped. Some 
sugar-coated tablets are quite similar in appearance to soft 
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Figure 45-49. Rotary-die elastic capsule filler. 
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gelatin capsules. The essential differences are that the soft 
gelatin capsule has a seam at the point of closure of the two 
halves, and the contents can be liquid, paste, or powder. The 
sugar-coated tablet will not have a seam but will have a com- 
pressed core. 

Oral SEC dosage forms generally are made so that the 
heat seam of the gelatin shell opens to release its liquid med- 
ication into the stomach less than 5 min after ingestion. Its 
use is being studied for those drugs poorly soluble in water 
having bioavailability problems. When used as suppositories, 
it is the moisture present in the body cavity that causes the 
capsule to come apart at its heat-sealed seam and to release 
its contents. 

Plate Process 

In this method a set of molds is used. A warm sheet of prepared 
gelatin is laid over the lower plate, and the liquid is poured on 
it. A second sheet of gelatin is carefully put in place, and this is 
followed by the top plate of the mold. The set is placed under the 
press where pressure is applied to form the capsules, which are 
washed off with a volatile solvent to remove any traces of oil 
from the exterior. This process has been adapted and is used for 
encapsulation by Upjohn. The sheets of gelatin may have the 
same color or different colors. 

Rotary-Die Process 

In 1933 the rotary-die process for elastic capsules was perfected 
by Robert P Scherer.” This process made it possible to improve 
the standards of accuracy and uniformity of elastic gelatin cap- 
sules and globules. 

The rotary-die machine is a self-contained unit capable of 
continuously and automatically producing finished capsules 
from a supply of gelatin mass and filling material, which may 
be any liquid, semiliquid, or paste that will not dissolve 
gelatin. Two continuous gelatin ribbons, which the machine 
forms, are brought into convergence between a pair of revolv- 
ing dies and an injection wedge. Accurate filling under pres- 
sure and sealing of the capsule wall occur as dual and coinci- 
dent operations; each is delicately timed against the other. 
Sealing also severs the completed capsule from the net. The 
principle of operation is shown in Figure 45-49. See also 
Figure 45-50. 

  Figure 45-50. Scherer soft elastic capsule machine (courtesy, Scherer). 
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By this process the content of each capsule is measured in- 
dividually by a single stroke of a pump so accurately con- 
structed that plunger travel of 0.025 inch will deliver 1 
<minim> (apoth). The Scherer machine contains banks of 
pumps so arranged that many capsules may be formed and 
filled simultaneously. All pumps are engineered to extremely 
small mechanical tolerances and to an extremely high degree of 
precision and similarity. All operations are controlled on a 
weight basis by actual periodic checks with a group of analyti- 
cal balances. Individual net-fill weights of capsules resulting 
from large-scale production vary no more than +1 to 3% from 
theory, depending upon the materials used. 

The rotary-die process makes it possible to encapsulate 
heavy materials such as ointments and pastes. In this manner 
solids can be milled with a vehicle and filled into capsules. When 
it is desirable to have a high degree of accuracy and a hermeti- 
cally sealed product, this form of enclosure is suited ideally. 

The modern and well-equipped capsule plant is completely 
air conditioned, a practical necessity for fine capsule produc- 
tion. Its facilities and operations include the availability of car- 
bon dioxide at every exposed point of operation for the protec- 
tion of oxidizable substances before encapsulation. Special 
ingredients also have been used in the capsule shell to exclude 
light wavelengths that are destructive to certain drugs. 

Norton Capsule Machine 

This machine produces capsules completely automatically by 
leading two films of gelatin between a set of vertical dies. These 
dies as they close, open, and close are in effect a continual ver- 
tical plate forming row after row of pockets across the gelatin 
film. These are filled with medicament and, as they progress 
through the dies, are sealed, shaped, and cut out of the film as 
capsules, which drop into a cooled solvent bath. 

Accogel Capsule Machine 

Another means of soft gelatin encapsulation uses the Accogel 
machine and process which were developed at Lederle. The Ac- 
cogel, or Stern machine, uses a system of rotary dies but is 
unique in that it is the only machine that successfully can fill 
dry powder into a soft gelatin capsule. The machine is available 
to the entire pharmaceutical industry by a lease arrangement 
and is used in many countries of the world. It is extremely ver- 
satile, not only producing capsules with dry powder but also en- 
capsulating liquids and combinations of liquids and powders. 
By means of an attachment, slugs or compressed tablets may be 
enclosed in a gelatin film. The capsules can be made in a vari- 
ety of colors, shapes, and sizes. 

Microencapsulation 

As a technology, microencapsulation is placed in the section on 
capsules only because of the relationship in terminology to me- 
chanical encapsulation described above. The topic is also dis- 
cussed in Chapter 47 (Extended-release and Targeted Drug De- 
livery Systems) of this text. Essentially, microencapsulation is 
a process or technique by which thin coatings can be applied re- 
producibly to small particles of solids, droplets of liquids, or dis- 
persions, thus forming microcapsules. It can be differentiated 
readily from other coating methods in the size of the particles 
involved; these range from several tenths of a micrometer to 
5000 pm in size. 

A number of microencapsulation processes have been dis- 
closed in the literature.® Some are based on chemical processes 
and involve a chemical or phase change; others are mechanical 
and require special equipment to produce the physical change 
in the systems required. 

A number of coating materials have been used successfully; 
examples of these include gelatin, polyvinyl alcohol, ethylcellu- 

lose, cellulose acetate phthalate, and styrene maleic anhydride. 
The film thickness can be varied considerably, depending on 
the surface area of the material to be coated and other physical 
characteristics of the system. The microcapsules may consist of 
a single particle or clusters of particles. After isolation from the 
liquid manufacturing vehicle and drying, the material appears 
as a free-flowing powder. The powder is suitable for formula- 
tion as compressed tablets, hard gelatin capsules, suspensions, 
and other dosage forms. 

The process provides answers for problems such as masking 
the taste of bitter drugs, a means of formulating prolonged-ac- 
tion dosage forms, a means of separating incompatible materials, 
a method of protecting chemicals against moisture or oxidation, 
and a means of modifying a material's physical characteristics 
for ease of handling in formulation and manufacture. 

Among the processes applied to pharmaceutical problems is 
that developed by the National Cash Register Co (NCR). The 
NCR process is a chemical operation based on phase separation 
or coacervation techniques. In colloidal chemistry, coacervation 
refers to the separation of a liquid precipitate, or phase, when 
solutions of two hydrophilic colloids are mixed under suitable 
conditions. 

The NCR process, using phase separation or coacervation 
techniques, consists of three steps: 

1. Formation of three immiscible phases: a liquid manufacturing 
phase, a core material phase, and a coating material phase. 

2. Deposition of the liquid polymer coating on the core material. 
3. Rigidizing the coating, usually by thermal, cross-linking, or des- 

olvation techniques, to form a microcapsule. 

In Step 2, the deposition of the liquid polymer around the core 
material occurs only if the polymer is absorbed at the interface 
formed between the core material and the liquid vehicle phase. 
In many cases physical or chemical changes in the coating poly- 
mer solution can be induced so that phase separation (coacer- 
vation) of the polymer will occur. Droplets of concentrated poly- 
mer solution will form and coalesce to yield a two-phase, 
liquid-liquid system. In cases in which the coating material is 
an immiscible polymer or insoluble liquid polymer, it may be 
added directly. Also monomers can be dissolved in the liquid ve- 
hicle phase and, subsequently, polymerized at the interface. 

Equipment required for microencapsulation by this method 
is relatively simple; it consists mainly of jacketed tanks with 
variable-speed agitators. Figure 45-51 shows a typical flow dia- 
gram of a production installation. 

  

Other Oral Solid Dosage Forms 

PILLS 

Pills are small, round, solid, dosage forms containing a medici- 
nal agent and are intended for oral administration. Pills were 
formerly the most extensively used oral dosage form, but they 
have been replaced largely by compressed tablets and capsules. 
Substances that are bitter or unpleasant to the taste, if not cor- 
rosive or deliquescent, can be administered in this form if the 
dose is not too large. 

Formerly, pills were made extemporaneously by the commu- 
nity pharmacist whose skill at pill-making became an art. How- 
ever, the few pills that are now used in pharmacy are prepared 
on a large scale with mechanical equipment. The pill formulas 
of the NF were introduced largely for the purpose of establish- 
ing standards of strength for the well-known and currently used 
pills. Hexylresorcinol Pills consist of hexylresorcinol crystals 
covered with a rupture-resistant coating that is dispersible in 
the digestive tract. It should be noted that the official hexylre- 
sorcinol pills are prepared not by traditional methods but by a 
patented process, the gelatin coating being sufficiently tough 
that it cannot be broken readily, even when chewed. Therefore, 

   



  

  

          

Figure 45-51. Production installation for the microencapsulation process 
(courtesy, NCR). 

the general method for the preparation of pills does not apply to 
hexylresorcinol pills. 

Previous editions of this text should be consulted for meth- 
ods of pill preparation. 

TROCHES 

These forms of oral medication, also known as lozenges or 
pastilles, are discoid-shaped solids containing the medicinal 
agent in a suitably flavored base. The base may be a hard sugar 
candy, glycerinated gelatin, or the combination of sugar with suf- 
ficient mucilage to give it form. Troches are placed in the mouth, 
where they slowly dissolve, liberating the active ingredient. The 
drug involved can be an antiseptic, local anesthetic, antibiotic, 
antihistaminic, antitussive, analgesic, or a decongestant. 

Formerly, troches were prepared extemporaneously by the 
pharmacist. The mass is formed by adding water slowly to a 
mixture of the powdered drug, powdered sugar, and a gum un- 
til a pliable mass is formed. Powdered acacia in 7% concentra- 
tion gives sufficient adhesiveness to the mass. The mass is 
rolled out and the troche pieces cut out using a cutter, or else 
the mass is rolled into a cylinder and divided. Each piece is 
shaped and allowed to dry before dispensing. 

If the active ingredient is heat-stable, it may be prepared in 
a hard candy base. Syrup is concentrated to the point at which 
it becomes a pliable mass, the active ingredient is added, and 
the mixture is kneaded while warm to form a homogeneous 
mass. The mass is worked gradually into a pipe form having the 
diameter desired for the candy piece, and the lozenges are cut 
from the pipe and allowed to cool. This is an entirely mechani- 
cal operation with equipment designed for this purpose. 

If the active ingredient is heat-labile, it may be made into a 
lozenge preparation by compression. The granulation is pre- 
pared in a manner similar to that used for any compressed 
tablet. The lozenge is made using heavy compression equip- 
ment to give a tablet that is harder than usual, as it is desirable 
for the troche to dissolve or disintegrate slowly in the mouth. In 
the formulation of the lozenge the ingredients are chosen that 
will promote its slow-dissolving characteristics. Compression is 
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gaining in popularity as a means of making troches and candy 
pieces because of the increased speeds of compression equip- 
ment. In cases in which holes are to be placed in troches or 
candy pieces, core-rod tooling is used (Fig 45-52). Core-rod tool- 
ing includes a rod centered on the lower punch around which 
the troche is compressed in the die cavity. The upper punch has 
an opening in its center for the core rod to enter during com- 
pression. It is evident that maximum accuracy is needed to pro- 
vide alignment as the narrow punches are inserted into the die. 

CACHETS 

Related to capsules, inasmuch as they provide an edible con- 
tainer for the oral administration of solid drugs, cachets for- 
merly were used in pharmacy. They varied in size from % to % 
inch in diameter and consisted of two concave pieces of wafer 
made of flour and water. After one section was filled with the 
prescribed quantity of the medicinal agent, they were sealed 
tightly by moistening the margins and pressing them firmly to- 
gether. When moistened with water, their character was 
changed entirely; they became soft, elastic, and slippery. Hence, 
they could be swallowed easily by floating them on water. 

PELLETS 

The term pellet is sometimes applied to small, sterile cylinders 
about 3.2 mm in diameter by 8 mm in length, which are formed 
by compression from medicated masses.” Whenever prolonged 
and continuous absorption of testosterone, estradiol, or desoxy- 
corticosterone is desired, pellets of these potent hormones may 
be used by implantation. 

MEDICATED CHEWING GUM 

Chewing gum has been a widely popular form of confection that 
has its roots in ancient times. Only recently has its use as a 
drug delivery system become mainstream. Worldwide, there 
are commercially available chewing gums for use in smoking 
cessation, pain relief, and motion sickness. Chewing gum can 
also offer an advantage for localized delivery of drugs in the 
mouth, and is now being evaluated for these uses.’** 

Gums can be manufactured by a variety of mixing processes 
that incorporate several components into a sheet of product, 
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Figure 45-52. Core-rod tooling for compressing troches or candy pieces 
with hole in center (courtesy, Vector/Colton). 
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Table 45-6. Formula of a Medicated 
Chewing Gum 
  

  COMPONENT CONENTRATION (%W/W) 

Drug 0-40 
Gum Base 20-45 
Sweeteners 30-60 
Softeners 0-10 
Flavor(s) 1-5 
Color(s) 0-1 
  

whereby the units are stamped or cut from the rolled out sheet. 
A typical formulation for a chewing gum might be considered in 
Table 45-6. 

Chewing gums can be made by compression and other pro- 
cesses, but the predominant method in use today is mixing, 
rolling and stamping of the finished units. After the finished 
units are completed, they can be film or sugar coated for better 
mouth feel or taste improvement. 

RAPIDLY DISSOLVING TABLETS 

Recently, a number of fast-dissolving tablets have been pro- 
duced to rapidly deliver drugs for a variety of applications. 
One of the first solid dosage forms, Zydis (RP Scherer) used 
lyophilized technology to prepare the powder to dissolve quickly 
on the tongue. Since then, numerous technologies have been de- 
veloped to give quick dissolution of the active in the mouth. 
Other technologies such as Lyoc (Farmalyoc), WOW-Tab (Ya- 
manouchi), Flash-Dose (Biovail), Orasolv (CIMA) and DuraSolv 

Charge Image Circuit 
Substrate 

      

(CIMA) have been used in commercialized products. There are 
some comparable benefits to one technology over the others, 
but the objective is still the same. These products have had 
some acceptance, and will have a place in formularies for years 
to come. 

The challenges these dosage forms have had is durability 
during shipping, and changes to the drug substance that can oc- 
cur during the lyophilization or manufacturing process. In ad- 
dition, these products are best suited for drugs where there is a 
demonstrable benefit from very fast onset of activity of the 
drug. To date, there have been few clinical studies to show the 
significance of benefit of these products over standard immedi- 
ate-release products. 

TABLETS MADE BY ELECTROSTATIC 
DEPOSITION 

The most common example of electrostatic deposition takes place 
every day in the office photocopy machine. The basic principle of 
electrostatic deposition is well-founded in basic physics: opposite 
charges attract. Deposition of material occurs when a pattern of 
charges is established on the substrate where the deposition is 
desired, and very fine particles with an opposite charge is placed 
near the substrate. The Sarnoff Research Laboratories devel 
oped an electro-static method of depositing and thereby coating 
solid surfaces with powder in a dry form. This technology was ini- 
tially developed for phosphorus coating for cathode ray tubes, 
and was first applied to the manufacture of tablets by Delsys 
Corporation, now merged with Elan Corporation .®'-%° 

Figure 45-53 illustrates this process. A substrate is chosen 
as the base for the deposit of particles. The charging is done us- 
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Figure 45-53. Electrostatic powder deposition process. 

  
 



  

  

ing a three-layer structure that has a conducting backplane 
electrode, an insulating layer and a patterned conducting 
top electrode. Application of a positive voltage to the backplane 
electrode establishes a positive surface charge in the electrode. 
Charges that mirror the backplane charges are induced in the 
conductive top electrodes. In the floating electrodes, negative 
mirror charges induced by the backplane electrode leave un- 
compensated positive charges in the top surface of the floating 
electrode. By controlling the amount and strength of these pos- 
itive charges, the rate of deposition and porosity of the result- 
ing solid can be controlled. 

The electrostatic process has several potential applica- 
tions. First, the uniformity of ultra low dose drugs could 
be precisely achieved. Drugs with significant stability or 
incompatibility problems could be easily addressed without 
separate operations. Because little or no excipients are used in 
this process, the cost, storage and movement of materials in 

the modern manufacturing facility may be reduced signifi- 
cantly. In addition, it may be possible to have a final formula- 
tion designed and finalized much earlier in the development 
process. Currently, there are no commercial tablets using this 
technology, but one can imagine the considerable issues asso- 
ciated with the scale-up, validation and implementation of 
this technology. 

THREE-DIMENSIONAL PRINTING OF 
TABLETS 

Another technology that has been adapted for the manufacture 
of tablets is three-dimensional printing, called 3DP by Therics 
Corporation, the company to first apply this technology to phar- 
maceuticals. The technology is quite similar to ink-jet printer 
technology. It was improved by engineers at the Massachusetts 
Institute of Technology, and later at Therics. 

F igures 45-54 and 45-55 illustrate three-dimensional print- 
ing.%® In Figure 45-54, the basic system is shown. Powder is 
spread into a tray and binder droplets are precisely sprayed 
onto a substrate to form virtually any shape or design. A pis- 
ton holding the unit changes position for each pass of the dis- 
pensing module, allowing for a build-up of the tablet. The pro- 
cess is repeated over and over until the desired shape is 
obtained. Using a tray that can accommodate many hundreds 
of powder wells, and hundreds of dispensing modules would 
be required to make this unit suitable for commercial manu- 
facture. To this date, there are no commercial tablets made 
from this technology. However, it’s versatility and complete 
freedom for design of novel solid dosage forms make this tech- 
nology fascinating. Figure 45-55 illustrates this point showing 
a design on the computer screen, with a tablet completed next 
to it. In the cutaway section can be seen many programmed 
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Figure 45-54. Three-dimensional printing process. 
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Figure 45-55. Design versatility of three-dimensional printing. 

walls and empty compartments “constructed” within the con- 
fines of the tablet. 

Three-dimensional printing technology has all of the advan- 
tages of electrostatic powder deposition, but has many more 
practical applications. 

WEB-COATED SYSTEMS 

In the early 1980s, Roche laboratories developed a system 
whereby sheets of a substrate were coated with drug and 
binder solution.®” A number of sheets were then laminated, 
or glued together to form a complex, multi-layered sheet 
containing drug and various binder/excipient systems. The 
final laminate sheet was then punched to produce many 
dosage forms. This system was quite flexible, and was capa- 
ble of producing various types of controlled-release, and 
combination products. However, due to it’s impracticality, 
it was abandoned by Roche in the mid-1980s. It remains an 
important development, and is instructive from a historical 
perspective. 
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HOT-MELT EXTRUSION 

Hot-melt extrusion technology has been extensively used as a 
processing technique in the plastics industry and is currently 
being investigated in the pharmaceutical arena as a novel 
tableting method. The process involves the active, suitable 
polymeric carrier, and other excipients being mixed in the 
molten state and then extruded through a die. The final prod- 
uct may take the form of a film, pipe, tube, or granule, depend- 
ing on the shape of the die. A matrix is formed due to the melted 
polymer acting as a thermal binder. In addition to being anhy- 
drous, this technology offers the advantage of tableting poorly 
compressible materials and manufacturing sustained-release 
tablets. The thermal stability of each material must be suffi- 
cient to withstand the production process. 
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CFR Title 21 Food and Drugs 

PART 211 CURRENT GOOD MANUFACTURING 

PRACTICE FOR FINISHED PHARMACEUTICALS 

SUBPART A GENERAL PROVISIONS 

211.3 (Definitions) The scope of the regulations are explained 
for human prescription and OTC drug products including drugs 
used to produce medicated animal feed. Reference is made to 
Part 210.3 of the chapter that gives definitions for all signifi- 
cant terms used in the regulations. 

SUBPART B ORGANIZATION AND 
PERSONNEL 

211.22 (Responsibilities of QC unit) Highlighted here is the as- 
signment to the QC unit of total responsibility for ensuring that 
adequate systems and procedures exist and are followed to en- 
sure product quality. 

211.25 (Personnel qualifications) Personnel, either supervisory 
or operational, must be qualified by training and experience to 
perform their assigned tasks. 

211.28 (Personnel responsibilities) The obligations of personnel 
engaged in the manufacture of drug products concerning their 
personal hygiene, clothing, and medical status are defined. 

211.34 (Consultants) The qualifications of consultants must be 
sufficient for the project to which they are assigned. 

SUBPART C BUILDINGS AND FACILITIES 

Buildings and facilities can be considered acceptable only if 
they are suitable for their intended purpose and can be main- 
tained. Construction concepts, such as air handling systems, 
lighting, eating facilities, and plumbing systems including wa- 
ter, sewage and toilet facilities, are outlined. 

211.42 (Design and construction features) 

211.44 (Lighting) 
211.46 (Ventilation, air filtration, air heating and cooling) 

211.48 (Plumbing) 

211.50 (Sewage and refuse) 

211.52 (Washing and toilet facilities) 

211.56 (Sanitation) 

211.58 (Maintenance) 

SUBPART D EQUIPMENT 

Equipment must be designed, constructed, of adequate size, 

suitably located, and able to be maintained and cleaned to be 
considered suitable for its intended use. Reference is made to 
the use of automatic equipment, data processors, and comput- 

ers, highlighting the need for input/output verification and for 
proper calibration of recorders, counters, and other electrical or 

mechanical devices. 

211.63 (Equipment design, size, and location) 

211.65 (Equipment construction) 

211.67 (Equipment cleaning and maintenance) 

211.68 (Automatic, mechanical, and electronic equipment) 

211.72 (Filters) Special note is made that the only filters to be 
used are those that do not release fibers into products. 

SUBPART E CONTROL OF COMPONENTS 
AND DRUG PRODUCT CONTAINERS AND 
CLOSURES 

211.80 (General requirements) Written procedures must be 
available that describe the receipt, identification, storage, han- 
dling, sampling, testing, and approval or rejection of compo- 
nents (raw materials) and drug products. 

211.82 (Receipt and storage of untested components, drug prod- 
uct containers, and closures) 

211.84 (Testing and approval or rejection of components, drug 
product containers, and closures) 

211.86 (Use of approved components, drug product containers, 
and closures) These shall be rotated so that the oldest approved 
stock is used first. 

211.87 (Retesting of approved components, drug product con- 
tainers, and closures) Materials that are subject to deteriora- 
tion during storage should be retested at an appropriate time 
based on stability profiles. 

211.89 (Rejected components, drug product containers, and clo- 
sures) These shall be identified and controlled to prevent their 
use in manufacturing. 

211.94 (Drug product containers and closures) Containers and 
closures (product contact materials) must protect the product 
and must be nonreactive with or additive to the product, suitable 
for their intended use, and controlled using written procedures. 

SUBPART F PRODUCTION AND 
PROCESS CONTROLS 

211.100 (Written procedures; deviations) Written standard op- 
erating procedures (SOPs) for each production process and con- 
trol procedure are necessary. Any deviation from an SOP must 
be investigated, recorded, and approved prior to final product 
acceptance. 

211.101 (Charge-in of components) The procedures used to for- 
mulate a batch shall be written and followed. 

211.103 (Calculation of yield) Actual yields and theoretical 
yields shall be determined. All products are to be formulated to 
provide not less than 100% of the required amount of active in- 
gredient. Records are to be maintained of each component and 
the quantity, which is incorporated into a batch. 
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211.105 (Equipment identification) Equipment shall be prop- 
erly identified. 

211.110 (Sampling and testing of in-process materials and drug 
products) Significant in-process steps are to be identified and 
appropriate sampling, testing, and approvals obtained before 
proceeding further in the production cycle. Rejected material 
must be controlled. 

211.111 (Time limitations on production) If required, time lim- 
itations will be placed on in-process steps. 

211.113 (Control of microbiological contamination) Appropriate 
procedures are to be prepared for the control and prevention of 
microbiological contamination. The sterilization process must 
be validated. 

211.115 (Reprocessing) Reprocessing of product is allowed pro- 
viding there are written procedures covering the methods and 
QC unit review to be used. 

SUBPART G PACKAGING AND LABELING 
CONTROL 

211.122 (Materials examination and usage criteria) Labeling 
and packaging materials are to be received, identified, stored, 
sampled, and tested following detailed written procedures. 

211.125 (Labeling issuance) Strict control shall be exercised 
over labeling for use in drug product labeling operations 

211.130 (Packaging and labeling operations) There shall be 
written procedures designed to ensure that correct labels, la- 
beling, and packaging materials are used for drug products. 
Special controls must be exercised over labeling to ensure that 
only the correct labels are issued to packaging for a specific 
product and that the quantities used are reconciled with the 
quantity issued. 

211.132 (Tamper-resistant packaging requirements for over- 
the-counter (OTC) human drug products) Provides details of 
tamper-resistant packaging. 

211.134 (Drug product inspection) Packaged and labeled prod- 
ucts shall be inspected for correct labels. 

211.137 (Expiration dating) Following appropriate stability 
studies at prescribed temperature conditions, products on the 
market shall bear an expiration date to ensure that they are 
used within their expected shelf life. 

SUBPART H HOLDING AND 
DISTRIBUTION 

211.142 (Warehousing procedures) Describes the requirements 
for warehousing holding product under appropriate conditions 
of light, temperature, and humidity. 

211.150 (Distribution procedures) Written procedures describ- 
ing product distribution shall be prepared 

SUBPART | LABORATORY CONTROLS 

211.160 (General requirements) Describes the general require- 
ments for laboratory control mechanisms. 

211.165 (Testing and release for distribution) Concerns written 
procedures in the form of specifications, standards, sampling 
plans, and test procedures that are used in a laboratory for con- 
trolling components and finished drug products. Acceptance 
criteria for sampling and approval shall be adequate to support 
release of product for distribution. 

211.166 (Stability testing) There shall be a written testing pro- 
gram designed to assess the stability characteristics of drug 
products. The results of this testing shall be used in assigning 
appropriate storage conditions and expiration dates. 

211.167 (Special testing requirements) Special testing require- 
ments are given for sterile and/or pyrogen-free ophthalmic oint- 
ment and controlled-release dosage form products. 

211.170 (Reserve samples) Reserve sample quantity and reten- 
tion times are described. 

211.173 (Laboratory animals) Animals used in any testing shall 
be maintained and controlled in a manner suitable for use. 

211.176 (Penicillin contamination) Drug products cannot be 
marketed if, when tested by a prescribed procedure, found to 
contain any detectable levels of penicillin. 

SUBPART J RECORDS AND REPORTS 

211.180 (General requirements) Describes record retention 
time and availability for inspection. 

211.182 (Equipment cleaning and use log) A written record of 
major equipment cleaning, maintenance, and use shall be in- 
cluded in major equipment logs. 

211.184 (Component, drug product container, closure, and la- 
beling records) Deals with the issues of the receipt, testing, and 
storage of components, drug product containers, and closures. 
Details the various records and documents that should be gen- 
erated during the manufacture of drug products and that are to 
be available for review. 

211.186 (Master production and control records) A master pro- 
duction record must be prepared for each drug product, de- 
scribing all aspects of its manufacture, packaging, and control. 
Individual batch records are derived from this approved mas- 
ter. 

211.188 (Batch production and control records) Calls for batch 
production and control records with information about the pro- 
duction and control of each batch 

211.192 (Production record review) All drug product batch 
records shall be reviewed and approved by the QC unit (QA/QC) 
before the batch is released. 

211.194 (Laboratory records) Complete records of any labora- 
tory testing shall be maintained to include raw data, test pro- 
cedures and results, equipment calibration, and stability 
testing. 

211.196 (Distribution records) Distribution records include 
warehouse shipping logs, invoices, bills of lading, and all docu- 
ments associated with distribution. These records should pro- 
vide all the information necessary to trace lot distribution to fa- 
cilitate product retrieval if necessary. 

211.198 (Complaint files) Records of complaints received from 
consumers and professionals are to be maintained along with 
the report of their investigation and response. 

SUBPART K RETURNED AND SALVAGED 
DRUG PRODUCTS 

211.204 (Returned drug products) Records are to be maintained 
of drug products returned from distribution channels and the 
reason for their return. These data can be used as part of the to- 
tal lot accountability, should the need arise, to trace its distri- 
bution and/or for its recall. 

211.208 (Drug product salvaging) Drug products that have 
been stored improperly are not to be salvaged. 

   



  

  

Stability of Pharmaceutical Products 

Patrick B O'Donnell, PhD 

Allan D Bokser, PhD 

Stability of a pharmaceutical product may be defined as the ca- 
pability of a particular formulation, in a specific container/ 
closure system, to remain within its physical, chemical, micro- 
biological, therapeutic, and toxicological specifications. Assur- 
ances that the packaged product will be stable for its antici- 
pated shelf life must come from an accumulation of valid data 
on the drug in its commercial package. These stability data in- 
volve selected parameters that, taken together, form the stabil- 
ity profile. Pharmaceutical products are expected to meet their 
specifications for identity, purity, quality, and strength 
throughout their defined storage period at specific storage 
conditions. 

The stability of a pharmaceutical product is investigated 
throughout the various stages of the development process. The 
stability of a drug substance is first assessed in the preformu- 
lation stage. At this stage, pharmaceutical scientists deter- 
mine the drug substance and its related salts stability/com- 
patibility with various solvents, buffered solutions, and 
excipients considered for formulation development. Optimiza- 
tion of a stable formulation of a pharmaceutical product is 
built upon the information obtained from the preformulation 
stage and continues during the formulation development 
stages. 

Typically, the first formulation development stage is the 
preparation of a “first in human” formulation which is often a 
non-elegant formulation optimized for short-term dose-rang- 
ing clinical studies. The second major formulation develop- 
ment stage occurs to support Phase II and early Phase III 
clinical studies. The pharmaceutical product developed at this 
stage is usually the prototype for the commercial product. 
Therefore, the pharmaceutical product will be formulated 
based in part on the stability information obtain from the pre- 
vious formulations and must meet stability requirements for 
longer-term clinical studies. The final formulation develop- 
ment stage is for the commercial pharmaceutical product. In 
addition to building on the clinical requirements of the drug, 
the commercial pharmaceutical product must also incorporate 
the commercial or the final market image of the product, 
which includes the container closure system. The stability of 
this product must be demonstrated to the appropriate regula- 
tory agencies in order to assign an expiration date for the 
product. 

Once a pharmaceutical product has gained regulatory ap- 
proval and is marketed, the pharmacist must understand the 
proper storage and handling of the drug. In some cases, a phar- 
macist may need to prepare stable compounded preparations 
from this product. It is the responsibility of the pharmacist, via 
the information of the manufacturer, to instruct the patient in 
the proper storage and handling of the drug product. The im- 
pact of a drug product with a poor stability profile could delay 
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approval, affect the safety and efficacy of the drug, and/or cause 
product recall. 

Much has been written about the development of a stable 
pharmaceutical product. Comprehensive treatments of all as- 
pects of pharmaceutical product stability has been published by 
Lintner," Connors et al,” and more recently Carstensen”. This 
chapter will outline the appropriate steps from preformulation 
to drug approval to assure that the pharmaceutical product de- 
veloped is stable. Requirements for compounded products will 
also be discussed. 

The USP defines the stability of a pharmaceutical product 
as “extent to which a product retains, within specified limits, 
and throughout its period of storage and use (ie, its shelf-life), 
the same properties and characteristics that it possessed at the 
time of its manufacture.” There are five types of stability that 
must be considered for each drug. 

Conditions Maintained Throughout 
the Shelf-Life of the Drug Product 

Each active ingredient retains its chemical 
integrity and labeled potency, within the 

specified limits. 
The original physical properties, including 

appearance, palatability, uniformity, dis- 
solution, and suspendability 
are retained. 

Sterility or resistance to microbial growth 
is retained according to the specified 
requirements. Antimicrobial agents that 

are present retain effectiveness within 
the specified limits. 

The therapeutic effect remains unchanged. 
No significant increase in toxicity occurs. 

Type of Stability 
Chemical 
  

Physical 

Microbiological 

Therapeutic 
Toxicological 

Stability of a drug also can be defined as the time from the 
date of manufacture and packaging of the formulation until its 
chemical or biological activity is not less than a predetermined 
level of labeled potency and its physical characteristics have 
not changed appreciably or deleteriously. Although there are 
exceptions, 90% of labeled potency generally is recognized as 
the minimum acceptable potency level. Expiration dating is de- 
fined, therefore, as the time in which a drug product in a spe- 
cific packaging configuration will remain stable when stored 
under recommended conditions. 

An expiration date, which is expressed traditionally in 
terms of month and year, denotes the last day of the month. The 
expiration date should appear on the immediate container and 
the outer retail package. However, when single-dose containers 
are packaged in individual cartons, the expiration date may be 
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placed on the individual carton instead of the immediate prod- 
uct container. If a dry product is to be reconstituted at the time 
of dispensing, expiration dates are assigned to both the dry 
mixture and the reconstituted product. Tamper-resistant pack- 
aging is to be used where applicable. 

One type of time-related stability failure is a decrease in 
therapeutic activity of the preparation to below labeled content. 
A second type of stability failure is the appearance of a toxic 
substance, formed as a degradation product upon storage of the 
formulation. The numbers of published cases reflecting this sec- 
ond type are few. However, it is possible, though remote, for 
both types of stability failures to occur simultaneously within 
the same pharmaceutical product. Thus, the use of stability 
studies with the resulting application of expiration dating to 
pharmaceuticals is an attempt to predict the approximate time 
at which the probability of occurrence of a stability failure may 
reach an intolerable level. This estimate is subject to the usual 
Type 1 or alpha error (setting the expiration too early so that 
the product will be destroyed or recalled from the market ap- 
preciably earlier than actually is necessary) and the Type 2 or 
beta error (setting the date too late so that the failure occurs in 
an unacceptably large proportion of cases). Thus, it is obliga- 
tory that the manufacturer clearly and succinctly define the 
method for determining the degree of change in a formulation 
and the statistical approach to be used in making the shelf-life 
prediction. An intrinsic part of the statistical methodology must 
be the statements of value for the two types of error. For the 
safety of the patient a Type 1 error can be accepted, but not a 
Type 2 error. 

REGULATORY REQUIREMENTS 

Stability study requirements and expiration dating are covered 
in the Current Good Manufacturing Practices (cGMPs),* the 
USP,” and the FDA guidelines.® 

GOOD MANUFACTURING PRACTICES—The GMPs* 
state that there shall be a written testing program designed to 
assess the stability characteristics of drug products. The results 
of such stability testing shall be used to determine appropriate 
storage conditions and expiration dating. The latter is to ensure 
that the pharmaceutical product meets applicable standards of 
identity, strength, quality, and purity at time of use. These reg- 
ulations, which apply to both human and veterinary drugs, are 
updated periodically in light of current knowledge and technol- 
ogy. 

COMPENDIA—The compendia also contain extensive sta- 
bility and expiration dating information. Included are a discus- 
sion of stability considerations in dispensing practices and the 
responsibilities of both the pharmaceutical manufacturer and 
the dispensing pharmacist. It now is required that product la- 
beling of official articles provide recommended storage condi- 
tions and an expiration date assigned to the specific formula- 
tion and package. Official storage conditions as defined by the 
USP 26° are as follows: Cold is any temperature not exceeding 
8°C, and refrigerator is a cold place where the temperature is 
maintained thermostatically between 2 and 8°C. A freezer is a 
cold place maintained between —25 and —10°C. Cool is defined 
as any temperature between 8 and 15°C, and room temperature 
is that temperature prevailing in a working area. Controlled 
room temperature is that temperature maintained thermostat- 
ically between 20 and 25°C. Warm is any temperature between 
30 and 40°C, while excessive heat is any heat above 40°C. 
Should freezing subject a product to a loss of potency or to de- 
structive alteration of the dosage form, the container label 
should bear appropriate instructions to protect the product 
from freezing. When no specific storage instructions are given 
in a USP monograph, it is understood that the product’s storage 
conditions shall include protection from moisture, freezing, and 
excessive heat. 

As is noted above in USP 26, the definition of controlled 

room temperature was a “temperature maintained thermostat- 
ically between 20 and 25°C (68 and 77°F).” This definition was 

established to harmonize with international drug standards ef- 
forts. The usual or customary temperature range is identified 
as 20 to 25°C, with the possibility of encountering excursions in 
the 15 to 30°C range and with the introduction the mean kinetic 
temperature (MKT). 

The mean kinetic temperature is calculated using the fol- 
lowing equation: 

AH/R 
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in which Ty is the mean kinetic temperature; AH is the heat of 
activation, 83.144kJ mole; R is the universal gas constant, 

8.3144 x 10% kJ- mole ' degree '; T, is the value for the tem- 
perature (in degrees Kelvin [°K]) recorded during the first time 
period, T is the value for the temperature recorded during the 
second time period, eg, second week; T,, _; is the value of the sec- 

ond to last time period, and T,, is the value for the temperature 
recorded during the nth time period. Typically, the time period 
is in days or weeks. The mean kinetic temperature determines 
the thermal exposure of a material. This allows an acceptable 
estimation to assess if a temperature excursion (or series of ex- 
cursions) adversely affected a material. 

FDA Guidelines provide recommendations for: 

1. The design of stability studies to establish appropriate expiration 
dating periods and product storage requirements 

2. The submission of stability information for investigational new 
drugs, biologicals, new drug applications, and biological product li- 
cense applications 

Thus, the guidelines represent a framework for the experimental de- 
sign and data analysis as well as the type of documentation needed to 
meet regulatory requirements in the drug-development process. 

Table 52-1. Stability Protocols 
  

MINIMUM TIME PERIOD 

  CONDITIONS AT SUBMISSION 

Long-term testing 12 mo 
25°C + 2°C/60% = 5% RH 

Accelerated testing 6 mo 
40°C = 2°C/75% = 5% RH 

Alternate testing’ 12 mo 
30°C = 2°C/65% = 5% RH 

“Required if significant change occurs during 6-mo storage under 
conditions of accelerated testing. 

  

Example Stability Pull Schedule for a Solid Oral Dose 
for Zone l and Il 
  

  

  

STORAGE DURATIONS (MONTHS) 
CONDITIONS 0 1 3 6 9 12 18 24 36 

25°C60% RH ~~ R* X X X XY X X X 
30°C/65% RH oO O oO O 
40°T75% RH X X XY 
  
*From Release testing if testing is within 30 days of stability set down. 

R = Release Tests 
Appearance (visual) 
Identity 
Assay (HPLC) 

Impurities (HPLC) 

Dissolution (USP <711>) 
Moisture Content (Karl 

Fischer) 
Uniformity of Dosage Unit 
O = Pull and test only after 

X = Tests at Every Stability Pull 
Appearance (visual) 
Assay (HPLC) 

Impurities (HPLC) 
Dissolution (USP <711>) 

Y = Additional tests periodically 
40°C/75% is out of performed 
specification Moisture Content (Karl 

Appearance (visual) Fischer) 

Assay (HPLC) 
Impurities (HPLC) 

Dissolution (USP <711=>) 

   



  

  

FDA Guidelines, however, has been reevaluated and revised 
significantly in the last few years, with the aim of harmonizing 
the technical requirements for the registration of pharmaceuti- 
cals worldwide. The International Conference on Harmoniza- 
tion of Technical Requirements for Registration of Pharmaceu- 
ticals for Human Use (ICH) is a unique project that brought 
together regulatory authorities and experts from the pharma- 
ceutical industry from three regions of the world; Europe, 
Japan, and the US. The first conference (ICH1) took place in 
November 1991 in Brussels, and the second conference (ICH2) 
in Orlando, FL, in October 1993. These conferences provided an 
open forum for discussion and resulted in the creation of an ex- 
tensive set of guidelines dealing with the many aspects of 
safety, quality, and efficacy of medicinal products. The ICH 
Harmonized Tripartite Guideline provides a general indication 
on the requirements for Stability Testing of New Drug Sub- 
stances and Products. The main thrust of the stability guideline 
centers around criteria for setting up stability protocols, shown 
in Table 52-1 and the example Stability Pull Schedule. 

The guidelines were published in a draft form in the Federal 
Register, April 16, 1993. The final guidelines were published in 
1994, with implementation of the guidelines occurring with 
Registration Applications after January 1, 1998. Revision 1 of 
the guidance was published in August 2001. Online computer 
can now access a complete listing of FDA publications and guid- 
ances. To view the publications, go to http:/www.fda.gov/cder/ id index.htm. 

PRODUCT STABILITY 

Many factors affect the stability of a pharmaceutical product 
and include the stability of the active ingredient(s), the poten- 
tial interaction between active and inactive ingredients, the 
manufacturing process, the dosage form, the container-liner- 
closure system, and the environmental conditions encountered 
during shipment, storage and handling, and length of time be- 
tween manufacture and usage. 

Classically, pharmaceutical product stability evaluations 
have been separated into studies of chemical (including bio- 
chemical) and physical stability of formulations. Realistically, 
there is no absolute division between these two arbitrary divi- 
sions. Physical factors, such as heat, light, and moisture, may 
initiate or accelerate chemical reactions, while every time a 
measurement is made on a chemical compound. Physical di- 
mensions are included in the study. 

In this treatment, physical and chemical stability are dis- 
cussed along with those dosage form properties that can be 
measured and are useful in predicting shelf life. The effect of 
various physical and chemical phenomena of pharmaceuticals 
also is treated. 

Knowledge of the physical stability of a formulation is very 
important for three primary reasons. First, a pharmaceutical 
product must appear fresh, elegant, and professional, for as long 
as it remains on the shelf. Any changes in physical appearance 
such as color fading or haziness can cause the patient or con- 
sumer to lose confidence in the product. Second, since some prod- 
ucts are dispensed in multiple-dose containers, uniformity of 
dose content of the active ingredient over time must be ensured. 
A cloudy solution or a broken emulsion can lead to a non-uniform 
dosage pattern. Third, the active ingredient must be available to 
the patient throughout the expected shelf life of the preparation. 
A breakdown in the physical system can lead to non-availability 
or “dose dumping” of the medication to the patient. In the case of 
metered-dose inhaler pulmonary aerosols, particle aggregation 
may result in inadequate lung deposition of the medication. 

The chemical causes of drug deterioration have been clas- 
sified as incompatibility, oxidation, reduction, hydrolysis, 
racemization, and other mechanisms. In the latter category, 
decarboxylation, deterioration of hydrogen peroxide and 
hypochlorites, and the formation of precipitates have been 
included. 
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PHARMACEUTICAL DOSAGE FORMS 

As the various pharmaceutical dosage forms present unique 
stability problems, they are discussed separately in the follow- 
ing section. 

TABLETS—Stable tablets retain their original size, shape, 
weight, and color under normal handling and storage condi- 
tions throughout their shelf life. In addition, the in vitro avail- 
ability of the active ingredients should not change appreciably 
with time. 

Excessive powder or solid particles at the bottom of the 
container, cracks or chips on the face of a tablet, or appear- 
ance of crystals on the surface of tablets or on container walls 
are indications of physical instability of uncoated tablets. 
Hence, the effect of mild, uniform, and reproducible shaking 
and tumbling of tablets should be studied. The recommended 
test for such studies is the determination of tablet friability as 
described in the USP. Tablet Friability <1216> describes the 
recommended apparatus and the test procedure. After visual 
observation of the tablets for chips, cracks, and splits, the in- 

tact tablets are sorted and weighed to determine the amount 
of material worn away by abrasion. In general a maximum 
weight loss of not more than 1% of the weight of the tablets be- 
ing tested is considered acceptable for most products. The re- 
sults of these tests are comparative rather than absolute and 
should be correlated with actual stress experience. Packaged 
tablets also should be subjected to cross-country shipping 
tests as well as to various drop tests. 

Tablet hardness (or resistance to crushing or fracturing) can 
be assessed by commercially available hardness testers. As re- 
sults will vary with the specific make of the test apparatus used, 
direct comparison of results obtained on different instruments 
may not necessarily be made. Thus, the same instrument should 
be used consistently throughout a particular study. 

Color stability of tablets can be followed by an appropriate 
colorimeter or reflectometer with heat, sunlight, and intense 
artificial light employed to accelerate the color deterioration. 
Caution must be used in interpreting the elevated temperature 
data, as the mechanism for degradation at that temperature 
may differ from that at a lower temperature. It is not always 
proper to assume that the same changes will occur at elevated 
temperatures as will be evidenced later at room temperature. 
Cracks, mottling, or tackiness of the coating indicates evidence 
of instability of coated tablets. 

For tablets containing the more insoluble active ingredients, 
the results of dissolution tests are more meaningful than disin- 
tegration results for making bioavailability predictions. Disso- 
lution-rate tests should be run in an appropriate medium such 
as artificial gastric and/or intestinal fluid at 37°. When no sig- 
nificant change (such as a change in the polymorphic form of 
the crystal) has occurred, an unaltered dissolution-rate profile 
of a tablet formulation usually indicates constant in vivo avail- 
ability. 

Uniformity of weight, odor, texture, drug and moisture con- 
tents, and humidity effect also are studied during a tablet sta- 
bility test. 

GELATIN CAPSULES—Hard gelatin capsules are the 
type used by pharmaceutical manufacturers in the production 
of the majority of their capsule products. The pharmacist in the 
extemporaneous compounding of prescriptions may also use 
hard gelatin capsules. Soft gelatin capsules are prepared from 
shells of gelatin to which glycerin or a polyhydric alcohol such 
as sorbitol has been added to render the gelatin elastic or plas- 
tic-like. Gelatin is stable in air when dry but is subject to mi- 
crobial decomposition when it becomes moist or when it is 
maintained in aqueous solution. Normally hard gelatin cap- 
sules contain between 13% and 16% moisture. If stored in a 
high humidity environment capsule shells may soften, stick to- 
gether, or become distorted and lose their shape. On the other 
hand, in an environment of extreme dryness gelatin capsules 
may harden and crack under slight pressure. Gelatin capsules 
should be protected from sources of microbial contamination. 
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Encapsulated products, like all other dosage forms, must be 
packaged properly. 

Because moisture may be absorbed or released by gelatin 
capsules depending on the environmental conditions, capsules 
offer little physical protection to hygroscopic or deliquescent 
materials enclosed within a capsule when stored in an area of 
high humidity. It is not uncommon to find capsules packaged in 
containers along with a packet of desiccant material as a pre- 
cautionary measure. 

Both hard and soft gelatin capsules exposed to excessive 
heat and moisture may exhibit delayed or incomplete dissolu- 
tion due to cross-linking of the gelatin in the capsule shell. The 
cross-linking of gelatin capsules is an irreversible chemical re- 
action. Cross-linking may also occur in capsules that are ex- 
posed to aldehydes and peroxides. Although cross-linked cap- 
sules may fail dissolution due to pellicle formation, digestive 
enzymes will dissolve the capsules. For hard or soft gelatin cap- 
sules that do not conform to the dissolution specification, the 
dissolution test may be repeated with the addition of enzymes. 
Where water or a medium with a pH less than 6.8 is specified 
as the medium in the individual monograph, the same medium 
specified may be used with the addition of purified pepsin that 
results in an activity of 750,000 units or less per 1000 mL. For 
media with a pH of 6.8 or greater, pancreatin can be added to 
produce not more than 1750 USP units of protease activity per 
1000 mL. 
SUSPENSIONS—A stable suspension can be redispersed 

homogeneously with moderate shaking and can be poured eas- 
ily throughout its shelf life, with neither the particle-size distri- 
bution, the crystal form, nor the physiological availability of the 
suspended active ingredient changing appreciably with time. 

Most stable pharmaceutical suspensions are flocculated; 
that is, the suspended particles are bonded together physically 
to form a loose, semi rigid structure. The particles are said to 
uphold each other while exerting no significant force on the 
liquid. Sedimented particles of a flocculated suspension can be 
redispersed easily at any time with only moderate shaking. 

In nonflocculated suspensions, the particles remain as indi- 
viduals unaffected by neighboring particles and are affected 
only by the suspension vehicle. These particles, which are 
smaller and lighter, settle slowly, but once they have settled, of- 
ten form a hard, difficult-to-disperse sediment. Nonflocculated 
suspensions can be made acceptable by decreasing the particle 
size of the suspended material or by increasing the density and 
viscosity of the vehicle, thus reducing the possibility of settling. 

When studying the stability of a suspension, first determine 
with a differential manometer if the suspension is flocculated. 
If the suspension is flocculated, the liquid will travel the same 
distance in the two side arms. With nonflocculated suspensions, 
the hydrostatic pressures in the two arms are unequal; hence, 
the liquids will be at different levels. 

The history of settling of the particles of a suspension may 
be followed by a Brookfield viscometer fitted with a Helipath at- 
tachment. This instrument consists of a rotating T-bar spindle 
that descends slowly into the suspension as it rotates. The dial 
reading on the viscometer is a measure of the resistance that 
the spindle encounters at various levels of the sedimented 
suspension. This test must be run only on fresh, undisturbed 
samples. 

An electronic particle counter and sizer, such as a Coulter 
counter, or a microscope may be used to determine changes in 
particle-size distribution. Crystal form alterations may be de- 
tected by microscopic, near-IR or Raman examination and, when 
suspected, must be confirmed by x-ray powder diffraction. 

All suspensions should be subjected to cycling temperature 
conditions to determine the tendency for crystal growth to occur 
within the suspension. Shipping tests, ie, transporting bottles 
across the country by rail or truck are also used to study the 
stability of suspensions. 

SOLUTIONS—A stable solution retains its original clar- 
ity, color, and odor throughout its shelf life. Retention of clar- 
ity of a solution is a main concern of a physical stability pro- 

gram. As visual observation alone under ordinary light is a 
poor test of clarity, a microscope light should be projected 
through a diaphragm into the solution. Undissolved particles 
will scatter the light, and the solution will appear hazy. While 
the Coulter counter also can be used, light-scattering instru- 
ments are the most sensitive means of following solution 
clarity. 

Solutions should remain clear over a relatively wide tem- 
perature range such as 4 to 47°C. At the lower range an ingre- 
dient may precipitate due to its lower solubility at that temper- 
ature, while at the higher temperature the flaking of particles 
from the glass containers or rubber closures may destroy ho- 
mogeneity. Thus, solutions should be subjected to cycling tem- 
perature conditions. 

The stability program for solutions also should include a 
study of pH changes, especially when the active ingredients are 
soluble salts of insoluble acids or bases. Among other tests are 
observations for changes in odor, appearance, color, taste, light- 
stability, redispersibility, suspendibility, pourability, viscosity, 
isotonicity, gas evolution, microbial stability, specific gravity, 
surface tension, and pyrogen content, in the case of parenteral 
products. 

When solutions are filtered, the filter medium may absorb 
some of the ingredients from the solution. Thus, the same type 
of filter should be used for preparing the stability samples as 
will be used to prepare the production-size batches. 

For dry-packaged formulations reconstituted prior to use, 
the visual appearance should be observed on both the original 
dry material and on the reconstituted preparation. The color 
and odor of the cake, the color and odor of the solution, the 

moisture content of the cake, and the rate of reconstitution 
should be followed as a part of its stability profile. 

EMULSIONS—A stable emulsion can be redispersed ho- 
mogeneously to its original state with moderate shaking and 
can be poured at any stage of its shelf life. Although most of the 
important pharmaceutical emulsions are of the oil in water 
(O/W) type, many stability test methods can be applied to either 
an O/W or water in oil (W/O) emulsion. 

Two simple tests are used to screen emulsion formulations. 
First, heating to 50 to 70°C and observing its gross physical sta- 
bility either visually or by turbidimetric measurements can de- 
termine the stability of an emulsion. Usually the emulsion that 
is the most stable to heat is the one most stable at room tem- 
perature. However, this may not be true always, because an 
emulsion at 60°C may not be the same as it is at room temper- 
ature. Second, the stability of the emulsion can be estimated by 
the coalescence time test. Although this is only a rough quanti- 
tative test, it is useful for detecting gross differences in emul- 
sion stability at room temperature. 

Emulsions also should be subjected to refrigeration temper- 
atures. An emulsion stable at room temperature has been found 
to be unstable at 4°C. It was reasoned that an oil-soluble emul- 
sifier precipitated at the lower temperature and disrupted the 
system. An emulsion chilled to the extent that the aqueous base 
crystallizes is damaged irreversibly. 

The ultracentrifuge also is used to determine emulsion sta- 
bility. When the amount of separated oil is plotted against the 
time of centrifugation, a plateau curve is obtained. A linear 
graph results when the oil flotation (creaming) rate is plotted 
versus the square of the number of centrifuge revolutions per 
minute. The flotation rate is represented by the slope of the line 
resulting when the log distance of emulsion-water boundary 
from the rotor center is plotted against time for each revolution 
per minute. 

For stability studies, two batches of an emulsion should be 
made at one time on two different sizes of equipment. One 
should be a bench-size lot and the other a larger, preferably pro- 
duction-size, batch. Different types of homogenizers produce 
different results, and different sizes of the same kind of homog- 
enizer can yield emulsions with different characteristics. 

OINTMENTS—Ointments have been defined as high- 
viscosity suspensions of active ingredients in a non-reacting 

   



  

  

vehicle. A stable ointment is one that retains its homogeneity 
throughout its shelf-life period. The main stability problems ob- 
served in ointments are bleeding and changes in consistency 
due to aging or changes in temperature. When fluid compo- 
nents such as mineral oil separate at the top of an ointment, the 
phenomenon is known as bleeding and can be observed visu- 
ally. Unfortunately, as there is no known way to accelerate this 
event, the tendency to bleed cannot be predicted. 

An ointment that is too soft is messy to use, while one that 
is very stiff is difficult to extrude and apply. Hence, it is impor- 
tant to be able to define quantitatively the consistency of an 
ointment. This may be done with a penetrometer, an apparatus 
that allows a pointed weight to penetrate into the sample under 
a measurable force. The depth of the penetration is a measure 
of the consistency of an ointment. Consistency also can be mea- 
sured by the Helipath attachment to a high-viscosity viscome- 
ter or by a Burrell Severs rheometer. In the latter instrument, 
the ointment is loaded into a cylinder and extruded with a mea- 
sured force. The amount extruded is a measure of the consis- 
tency of the ointment. 

Ointments have a considerable degree of structure that re- 
quires a minimum of 48 hours to develop after preparation. As 
rheological data on a freshly made ointment may be erroneous, 
such tests should be performed only after the ointment has 
achieved equilibrium. Slight changes in temperature (1 or 2°C) 
can affect the consistency of an ointment greatly; hence, rheo- 
logical studies on ointments must be performed only at con- 
stant and controlled temperatures. 

Among the other tests performed during the stability study 
of an ointment are a check of visual appearance, color, odor, vis- 

cosity, softening range, consistency, homogeneity, particle-size 
distribution, and sterility. Undissolved components of an oint- 
ment may change in crystal form or in size with time. Micro- 
scopic examination or an x-ray diffraction measurement may be 
used to monitor these parameters. 

In some instances it is necessary to use an ointment base 
that is less than ideal, to achieve the required stability. For ex- 
ample, drugs that hydrolyze rapidly are more stable in a hy- 
drocarbon base than in a base containing water, even though 
they may be more effective in the latter. 
TRANSDERMAL PATCHES—A typical transdermal 

patch consists of a protective backing, a matrix containing ac- 
tive drug, an adhesive that allows the patch to adhere to the 
skin, and a release liner to protect the skin adhering adhesive. 
Therefore, the transdermal patch must deliver drug as labeled, 
adhere properly to both the backing and to the patient's skin. In 
addition, the transdermal patch must be pharmaceutically ele- 
gant through the shelf life of the product. For a transdermal 
patch, this means that the release line peels easily with mini- 
mal transfer of adhesive onto the release liner and that the ad- 
hesive does not ooze from the sides of the patch. Therefore, the 
typical stability related tests for transdermal patches are, ap- 
pearance, assay, impurities, drug release USP<724> and, 
backing peel force. 

METERED-DOSE AEROSOLS DRUG PRODUCTS—A 
metered dose inhalation product consists of an aerosol can 
containing a propellant, a drug and a mouthpiece used to pre- 
sent an aerosolized drug to the patient. There are many drug 
contact components in a metered-dose inhalation product. 
Therefore, the drug may be in contact with materials that 
could allow plasticizer leach into the drug. The typical stabil- 
ity related tests for metered-dose aerosols include appear- 
ance, assay, impurities, plume geometry, emitted dose, parti- 
cle size distribution of the emitted dose, and number of doses 
per unit. In addition, stability studies on leachables may be 
required. Shelf life of metered-dose aerosols drug products 
may also be dependent on the orientation that the drug prod- 
uct is stored. Typically most canisters type product are tested 
at least in the upright orientation. 
DRY-POWDERED INHALATION PRODUCTS—A dry- 

powdered inhalation product consists of drug with excipients 
delivered in a dry powdered form. The delivery system for a 
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dry-powdered inhalation product may be a separate device or 
integrated with the active. A dry-powdered dosage must re- 
producibly deliver a specific amount of drug at a particle size 
that can be deposited into the lungs. Particles too large will 
get trapped in the throats and particles too small will just be 
carried out of the lungs on the next expiration. The typical sta- 
bility related tests for dry powder inhalation products include 
appearance, assay, impurities, emitted dose, particle size dis- 
tribution of the emitted dose, and water content. 

NASAL INHALATION PRODUCTS—A nasal inhalation 
product consists of drug with excipients delivered from a de- 
livery system. The delivery system for a nasal inhalation prod- 
uct may be a separate device or integrated with the active. A 
nasal inhalation product must reproducibly deliver a specific 
amount of drug at a particle size and plume that can be de- 
posited into the nasal membrane. Particles too large will not 
be absorbed into nasal membrane or run out of the nose; and 

poor spray pattern will deposit the drug ineffective in the 
nasal cavity. The typical stability related tests for nasal in- 
halation products include appearance, assay, impurities, 
spray content uniformity, particle (droplet) size distribution of 
the emitted dose, spray pattern or /and plume geometry, 
leachables, weight loss and preservative content. Sterility and 
microbial testing may be required periodically for stability 
testing. 

INCOMPATIBILITY 

Typically, physicochemical stability is assessed at the prefor- 
mulation stage of development. A drug substance candidate is 
treated with acid, base, heat, light, and oxidative conditions to 

assess its inherit chemical stability. Binary mixtures of the 
drug substance with individual excipients are also investigated 
at the preformulation stage. These tests are performed to de- 
termine the drug substance sensitivity to degrade or react with 
common pharmaceutical excipients. The most common reac- 
tions observed for drug substances from these tests include: 
hydrolysis, epimerization (racemization), decarboxylation, de- 
hydration, oxidation, polymerization, photochemical decompo- 
sition, and addition. All drug substances have the potential to 
degrade by at least one of the reactions mentioned above. With 
an understanding of the stability/reactivity of a drug substance 
in the preformulation stage, it is possible to formulate the drug 
product to minimize drug decomposition. Numerous examples 
are described in other sections of this book, and the literature 
is replete with illustrations. 

While undesirable reactions between two or more drugs are 
said to result in a physical, chemical, or therapeutic incompati- 
bility, physical incompatibility is somewhat of a misnomer. It 
has been defined as a physical or chemical interaction between 
two or more ingredients that leads to a visibly recognizable 
change. The latter may be in the form of a gross precipitate, 
haze, or color change. 

On the other hand, a chemical incompatibility is classified 
as a reaction in which a visible change is not necessarily ob- 
served. Since there is no visible evidence of deterioration, this 

type of incompatibility requires trained, knowledgeable per- 
sonnel to recognize it. 

A therapeutic incompatibility has been defined as an unde- 
sirable pharmacological interaction between two or more ingre- 
dients that leads to 

1. Potentiation of the therapeutic effects of the ingredients 
2. Destruction of the effectiveness of one or more of the ingredients 
3. Occurrence of a toxic manifestation within the patient. 

REACTION KINETICS 

An understanding of reaction kinetics is important in deter- 
mining the shelf life of a product. 
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CHEMICAL REACTIONS 

The most frequently encountered chemical reactions, which 
may occur within a pharmaceutical product, are described 
below. 

OXIDATION-REDUCTION—Oxidation is a prime cause 
of product instability, and often, but not always, the addition 
of oxygen or the removal of hydrogen is involved. When molec- 
ular oxygen is involved, the reaction is known as auto-oxida- 
tion because it occurs spontaneously, though slowly, at room 
temperature. 

Oxidation, or the loss of electrons from an atom, frequently 
involves free radicals and subsequent chain reactions. Only a 
very small amount of oxygen is required to initiate a chain re- 
action. In practice, it is easy to remove most of the oxygen from 
a container, but very difficult to remove it all. Hence, nitrogen 
and carbon dioxide frequently are used to displace the 
headspace air in pharmaceutical containers to help minimize 
deterioration by oxidation. 

As an oxidation reaction is complicated, it is difficult to per- 
form a kinetic study on oxidative processes within a general 
stability program. The redox potential, which is constant and 
relatively easy to determine, can, however, provide valuable 
predictive information. In many oxidative reactions, the rate is 
proportional to the concentration of the oxidizing species but 
may be independent of the concentration of the oxygen present. 
The rate is influenced by temperature, radiation, and the pres- 
ence of a catalyst. An increase in temperature leads to an ac- 
celeration in the rate of oxidation. If the storage temperature of 
a preparation can be reduced to 0 to 5°C, usually it can be as- 
sumed that the rate of oxidation will be at least halved. 

The molecular structures most likely to oxidize are those with 
a hydroxyl group directly bonded to an aromatic ring (eg, phenol 
derivatives such as catecholamines and morphine), conjugated 
dienes (eg, vitamin A and unsaturated free fatty acids), hetero- 
cyclic aromatic rings, nitroso and nitrite derivatives, and alde- 
hydes (eg, flavorings). Products of oxidation usually lack thera- 
peutic activity. Visual identification of oxidation, for example, 
the change from colorless epinephrine to its amber colored prod- 
ucts, may not be visible in some dilutions or to some eyes. 

Oxidation is catalyzed by pH values that are higher than 
optimum, polyvalent heavy metal ions (eg, copper and iron), 
and exposure to oxygen and UV illumination. The latter two 
causes of oxidation justify the use of antioxidant chemicals, 
nitrogen atmospheres during ampul and vial filling, opaque 
external packaging, and transparent amber glass or plastic 
containers. 

Trace amounts of heavy metals such as cupric, chromic, fer- 
rous, or ferric ions may catalyze oxidation reactions. As little as 
0.2 mg of copper ion per liter considerably reduces the stability 
of penicillin. Similar examples include the deterioration of 
epinephrine, phenylephrine, lincomycin, isoprenaline, and pro- 
caine hydrochloride. Adding chelating agents to water to se- 
quester heavy metals and working in special manufacturing 
equipment (eg, glass) are some means used to reduce the influ- 
ence of heavy metals on a formulation. Parenteral formulations 
should not come in contact with heavy metal ions during their 
manufacture, packaging, or storage. 

Hydronium and hydroxyl ions catalyze oxidative reactions. 
The rate of decomposition for epinephrine, for example, is more 
rapid in a neutral or alkaline solution with maximum stability 
(minimum oxidative decomposition) at pH 3.4. There is a pH 
range for maximum stability for any antibiotic and vitamin 
preparation, which usually can be achieved by adding an acid, 
alkali, or buffer. 

Oxidation may be inhibited by the use of antioxidants, 
called negative catalysts. They are very effective in stabilizing 
pharmaceutical products undergoing a free-radical-mediated 
chain reaction. These substances, which are easily oxidizable, 

act by possessing lower oxidation potentials than the active 
ingredient. Thus, they undergo preferential degradation or 
act as chain inhibitors of free radicals by providing an electron 

and receiving the excess energy possessed by the activated 
molecule. 

The ideal antioxidant should be stable and effective over a 
wide pH range, soluble in its oxidized form, colorless, nontoxic, 
nonvolatile, nonirritating, effective in low concentrations, ther- 

mostable, and compatible with the container-closure system 
and formulation ingredients. 

The commonly used antioxidants for aqueous systems in- 
clude sodium sulfite, sodium metabisulfite, sodium bisulfite, 

sodium thiosulfate, and ascorbic acid. For oil systems, ascorbyl 
palmitate, hydroquinone, propyl gallate, nordihydroguaiaretic 
acid, butylated hydroxytoluene, butylated hydroxyanisole, and 
alpha-tocopherol are employed. 

Synergists, which increase the activity of antioxidants, are 
generally organic compounds that complex small amounts of 
heavy metal ions. These include the ethylenediamine 
tetraacetic acid (EDTA) derivatives, dihydroethylglycine, and 
citric, tartaric, gluconic, and saccharic acids. EDTA has been 
used to stabilize ascorbic acid, oxytetracycline, penicillin, 
epinephrine, and prednisolone. 

Reduction reactions are much less common than oxidative 
processes in pharmaceutical practice. Examples include the re- 
duction of gold, silver, or mercury salts by light to form the cor- 
responding free metal. 

HYDROLYSIS—Drugs containing esters (eg, cocaine, 
physostigmine, aspirin, tetracaine, procaine and methyldopa), 
amides (eg, dibucaine), imides (eg, amobarbital), imines (eg, di- 
azepam) and lactam (eg, penicillins, cephalosporins) functional 
groups are among those prone to hydrolysis. 

Hydrolysis reactions are often pH dependent and are cat- 
alyzed by either hydronium ion or hydroxide ions (specific-acid 
or specific-base catalysis, respectively). Hydrolysis reactions 
can also be catalyzed by either a Brgnsted acid or a Brgnsted 
base (general-acid or general-base catalysis, respectively). 
Sources of Brgnsted acid or base include buffers and some ex- 
cipients. Sometimes, it is necessary to compromise between the 
optimum pH for stability and that for pharmacological activity. 
For example, several local anesthetics are most stable at a dis- 
tinctly acid pH, whereas for maximum activity they should be 
neutral or slightly alkaline. Small amounts of acids, alkalines, 
or buffers are used to adjust the pH of a formulation. Buffers 
are used when small changes in pH are likely to cause major 
degradation of the active ingredient. 

Obviously, the amount of water present can have a profound 
effect on the rate of a hydrolysis reaction. When the reaction 
takes place fairly rapidly in water, other solvents sometimes 
can be substituted. For example, barbiturates are much more 
stable at room temperature in propylene glycol-water than in 
water alone. 

Modification of chemical structure may be used to retard 
hydrolysis. In general, as it is only the fraction of the drug in so- 
lution that hydrolyzes, a compound may be stabilized by reduc- 
ing its solubility. This can be done by adding various sub- 
stituents to the alkyl or acyl chain of aliphatic or aromatic 
esters or to the ring of an aromatic ester. In some cases less-sol- 
uble salts or esters of the parent compound have been found to 
aid product stability. Steric and polar complexation have also 
been employed to alter the rate of hydrolysis. Caffeine reduces 
the rate of hydrolysis and thus promotes stability by complexa- 
tion with local anesthetics such as benzocaine, procaine, or 
tetracaine. 

Esters and p-lactams are the chemical bonds that are most 
likely to hydrolyze in the presence of water. For example, the 
acetyl ester in aspirin is hydrolyzed to acetic acid and salicylic 
acid in the presence of moisture, but in a dry environment the 
hydrolysis of aspirin is negligible. The aspirin hydrolysis rate 
increases in direct proportion to the water vapor pressure in an 
environment. 

The amide bond also hydrolyzes, though generally at a 
slower rate than comparable esters. For example, procaine (an 
ester) will hydrolyze upon autoclaving, but procainamide will 
not. The amide or peptide bond in peptides and proteins varies 

   



  

  

in the labiality to hydrolysis. The lactam and azomethine (or 
imine) bonds in benzodiazepines are also labile to hydrolysis. 
The major chemical accelerators or catalysts of hydrolysis are 
adverse pH and specific chemicals (eg, dextrose and copper in 
the case of ampicillin hydrolysis). 

The rate of hydrolysis depends on the temperature and the 
pH of the solution. A much-quoted estimation is that for each 
10°C rise in storage temperature, the rate of reaction doubles or 
triples. As this is an empiricism, it is not always applicable. 

When hydrolysis occurs, the concentration of the active in- 
gredient decreases while the concentration of the decomposi- 
tion products increases. The effect of this change on the rate of 
the reaction depends on the order of the reaction. With zero-or- 
der reactions the rate of decomposition is independent of con- 
centration of the ingredient. Although dilute solutions decom- 
pose at the same absolute rate as more concentrated solutions, 
the more dilute the solution, the greater the proportion of active 
ingredient destroyed in a given time; ie, the percentage of de- 
composition is greater in more dilute solutions. Increasing the 
concentration of an active ingredient that is hydrolyzing by 
zero-order kinetics will slow the percentage decomposition. 

With first-order reactions, which occur frequently in the hy- 
drolysis of drugs, the rate of change is directly proportional 
to the concentration of the reactive substance. Thus, changes in 
the concentration of the active ingredient have no influence on 
the percentage decomposition. 

The degradation of many drugs in solution accelerates or de- 
celerates exponentially as the pH is decreased or increased over 
a specific range of pH values. Improper pH ranks with exposure 
to elevated temperature as a factor most likely to cause a clini- 
cally significant loss of drug, resulting from hydrolysis and ox- 
idation reactions. A drug solution or suspension, for example, 
may be stable for days, weeks, or even years in its original for- 
mulation, but when mixed with another liquid that changes the 
pH, it degrades in minutes or days. It is possible that a pH 
change of only one unit (eg, from 4 to 3 or 8 to 9) could decrease 
drug stability by a factor of ten or greater. 

A pH-buffer system, which is usually a weak acid or base 
and its salt, is a common excipient used in liquid preparations 
to maintain the pH in a range that minimizes the drug degra- 
dation rate. The pH of drug solutions may also be either 
buffered or adjusted to achieve drug solubility. For example, pH 
in relation to pKa controls the fractions of the usually more sol- 
uble ionized and less soluble nonionized species of weak organic 
electrolytes. 

INTERIONIC (ION N+ —ION N-) COMPATIBILITY— 
The compatibility or solubility of oppositely charged ions de- 
pends mainly on the number of charges per ion and the molec- 
ular size of the ions. In general, polyvalent ions of opposite 
charge are more likely to be incompatible. Thus, an incompati- 
bility is likely to occur upon the addition of a large ion with a 
charge opposite to that of the drug. 

As many hydrolytic reactions are catalyzed by both hydro- 
nium and hydroxyl ions, pH is an important factor in deter- 
mining the rate of a reaction. The pH range of minimum de- 
composition (or maximum stability) depends on the ion having 
the greatest effect on the reaction. If the minimum occurs at 
about pH 7, the two ions are of equal effect. A shift of the min- 
imum toward the acid side indicates that the hydroxyl ion has 
the stronger catalytic effect and vice versa in the case of a shift 
toward the alkaline side. In general, hydroxyl ions have the 
stronger effect. Thus, the minimum is often found between 
pH 3 and 4. The influence of pH on the physical stability of 
two-phase systems, especially emulsions, is also important. 
For example, intravenous fat emulsion is destabilized by 
acidic pH. 

DECARBOXYLATION—Pyrolytic solid-state degradation 
through decarboxylation usually is not encountered in phar- 
macy, as relatively high heats of activation (25 to 30 kcal) are 
required for the reaction. However, solid p-aminosalicylic acid 
undergoes pyrolytic degradation to m-aminophenol and carbon 
dioxide. The reaction, which follows first-order kinetics, is 
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highly pH-dependent and is catalyzed by hydronium ions. The 
decarboxylation of p-aminobenzoic acid occurs only at ex- 
tremely low pH values and at high temperatures. 

Some dissolved carboxylic acids, such as p-aminosalicylic 
acid, lose carbon dioxide from the carboxyl group when heated. 
The resulting product has reduced pharmacological potency. 3- 
Keto decarboxylation can occur in some solid antibiotics that 
have a carbonyl group on the p-carbon of a carboxylic acid or a 
carboxylate anion. Such decarboxylations will occur in the fol- 
lowing antibiotics: carbenicillin sodium, carbenicillin free acid, 
ticarcillin sodium, and ticarcillin free acid. 

RACEMIZATION—Racemization, or the action or process 
of changing from an optically active compound into a racemic 
compound or an optically inactive mixture of corresponding R 
(rectus) and S (sinister) forms, is a major consideration in phar- 
maceutical stability. Optical activity of a compound may be 
monitored by polarimetry and reported in terms of specific ro- 
tation. Chiral HPLC has been used in addition to polarimetry 
to confirm the enantiomeric purity of a sample. 

In general, racemization follows first-order kinetics and de- 
pends on temperature, solvent, catalyst, and the presence or 
absence of light. Racemization appears to depend on the func- 
tional group bound to the asymmetric carbon atom, with aro- 
matic groups tending to accelerate the process. 

EPIMERIZATION—Members of the tetracycline family 
are most likely to incur epimerization. This reaction occurs 
rapidly when the dissolved drug is exposed to a pH of an inter- 
mediate range (higher than 3), and it results in the steric rear- 
rangement of the dimethylamino group. The epimer of tetracy- 
cline, epitetracycline, has little or no antibacterial activity. 

PHOTOCHEMICAL REACTIONS 

Photolytic degradation can be an important limiting factor in 
the stability of pharmaceuticals. A drug can be affected chemi- 
cally by radiation of a particular wavelength only if it absorbs 
radiation at that wavelength and the energy exceeds a thres- 
hold. Ultraviolet radiation, which has a high energy level, is the 
cause of many degradation reactions. Exposure to, primarily, 
UVillumination may cause oxidation (photo-oxidation) and scis- 
sion (photolysis) of covalent bonds. Nifedipine, nitroprusside, ri- 
boflavin, and phenothiazines are very labile to photo-oxidation. 
In susceptible compounds, photochemical energy creates free 
radical intermediates, which can perpetuate chain reactions. 

If the absorbing molecule reacts, the reaction is said to be 
photochemical in nature. When the absorbing molecules do not 
participate directly in the reaction, but pass their energy to 
other reacting molecules, the absorbing substance is said to be 
a photosensitizer. 

As many variables may be involved in a photochemical reac- 
tion, the kinetics can be quite complex. The intensity and wave- 
length of the light and the size, shape, composition, and color of 
the container may affect the velocity of the reaction. 

The photodegradation of chlorpromazine through a 
semiquinone free-radical intermediate follows zero-order kinet- 
ics. On the other hand, alcoholic solutions of hydrocortisone, 
prednisolone, and methylprednisolone degrade by reactions fol- 
lowing first-order kinetics. 

Colored-glass containers most commonly are used to pro- 
tect light-sensitive formulations. Yellow-green glass gives the 
best protection in the ultraviolet region, while amber confers 
considerable protection from ultraviolet radiation but little 
from infrared. Riboflavin is best protected by a stabilizer that 
has a hydroxyl group attached to or near the aromatic ring. 
The photodegradation of sulfacetamide solutions may be in- 
hibited by an antioxidant such as sodium thiosulfate or 
metabisulfite. 

A systematic approach to photostability testing is recom- 
mended covering, as appropriate, studies such as tests on the 
drug substance, tests on the exposed drug product outside of 
the immediate pack; and if necessary, tests on the drug product 
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in the immediate pack. ICH Q1B discusses the minimum re- 
quirements for assessing photostability. Drug substance is first 
assessed by exposing sample powder having a depth of not more 
than 3 mm to an overall illumination of not less than 1.2 mil- 
lion lux hours and an integrated near ultraviolet energy of not 
less than 200 watt hours/square meter. If the drug substance 
shows sensitivity to photodegrations, then the drug product 
will need to be tested as well. The testing of drug product uses 
the same light exposure that was used to test drug substance. 
The drug product should be tested directly exposed to light and 
in its container closure system. 

ULTRASONIC ENERGY 

Ultrasonic energy, which consists of vibrations and waves with 
frequencies greater than 20,000 Hz, promotes the formation of 
free radicals and alters drug molecules. Changes in pred- 
nisolone, prednisone acetate, or deoxycorticosterone acetate 
suspensions in an ultrasonic field have been observed spectro- 
metrically in the side chain at C-17 and in the oxo group of the 
A ring. With sodium alginate, in an ultrasonic field, it has been 
reported that above a minimum power output, degradation in- 
creased linearly with increased power. 

IONIZING RADIATION 

Ionizing radiation, particularly gamma rays, has been used for 
the sterilization of certain pharmaceutical products. At the 
usual sterilizing dose, 2.5 mRad, it seldom causes appreciable 
chemical degradation. In general, formulations that are in the 
solid or frozen state are more resistant to degradation from ion- 
izing radiation than those in liquid form. For example, many of 
the vitamins are little affected by irradiation in the solid state 
but are decomposed appreciably in solution. On the other hand, 
both the liquid- and solid-state forms of atropine sulfate are af- 
fected seriously by radiation. 
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Figure 52-1. Typical two-sided shelf-life estimation plot. 
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Figure 52-2. Typical one-sided shelf-life estimation plot. 

PREDICTING SHELF LIFE 

ICH Recommended Evaluation 

The shelflife of a commercial drug product must be determined 
in the commercial container closure at the defined storage con- 
ditions. ICH requires at least 12 months stability data at the 
time of NDA submission. Most products require at least 24 
months to be commercially viable. The ICH Q1E recommends 
how the 12 months data may be used to predict long-term sta- 
bility. Figures 52-1 and 52-2 show trending graphs with double- 
sided and single-sided 95% confidence limits plots, respectively. 

Figure 52-1 shows a plot of 12 months of assay (potency) re- 
sults versus time. The acceptance criteria for this test have a 
lower and an upper limit of 95% and 105%, respectively. The ex- 
trapolated line from this data set intersects the lower accep- 
tance limit at about 35 months. However, there is always sta- 
tistical uncertainty when extrapolating a data set. The 95% 
confidence limit is used to take this uncertainty into account. 
The lower 95% confidence intersects the lower acceptance limit 
at about 29 months. Therefore, this product would be assessed 
an expiration date of 29 months. 

Figure 52-2 shows a plot of 12 months of degradation prod- 
uct results. In this case, the acceptance criterion is an upper 
limit of not more than 1.4%. The extrapolated line from this 
data set intersects the acceptance limit at about 44 months. 
The upper 95% confidence limit curve intersects the acceptance 
limit at about 30 months. Therefore, this product would be as- 
sessed an expiration date of 30 months. The expiration of a 
product is the time where the confidence line intersects with 
the acceptance limit. Trend analysis of data need only be per- 
formed on test data that shows a change related to time. 

Approximations in Assessing Product 
Stability—Estimation of Temperature Effect 

In early development, a shelflife prediction of a clinical mate- 
rial, especially a Phase I material, may be based on a very lim- 
ited amount of sample and limited amount of time to make the 
evaluation. One way to estimate long-term storage for a mate- 
rial is by extrapolating data from studies performed at elevated 
conditions. An understanding of potential activation energy is 
needed to estimate long-term stability. Many may have heard 

  
 



  

  

of the estimate that for every 10°C decrease in storage temper- 
ature the shelf-life doubles. This is only true, however, if the ac- 
tivation energy of the reaction(s) that causes degradation is 15 
kecal/moles. The activation energy, E,, for many chemical pro- 
cesses related to the degradation of a drug substance/product is 
typically within the range of 10 to 25 kecal/moles. 

The equation below shows a way of calculating the Qr value 
that may be used to estimate the affect of temperature on shelf 
life. 

— oxpl Bo. AT 
Qur= ox 5 [= ¥ os) D 

where, Qar is a factor (multiplier/divisor) used to estimate the 
change in the reaction rate constant with change in tempera- 
ture, AT. E, is the activation energy established for a reaction 

An approximation for the change in reaction rate constants 
due to the temperature effects are shown in the table below. 

  

Ea Qs 10 15 

(kcal/mole) (25 to 30°C) (25 to 35°C) (25 to 40°C) 
10 1.32 1.73 2.24 

15 1.52 2.27 3.36 

20 1.75 2.99 5.04 

25 2.01 3.93 7.55 

Therefore, the old rule of thumb that a reaction rate doubles 
with every 10°C is only true if the reaction has an activation en- 
ergy between 10 to 15 kcal/mole (Qo = 1.73 and 2.27, respec- 
tively). Qs is useful for understanding the relationship of ICH 
accelerated temperature of 40°C has with controlled room tem- 
perature at 25°C. Materials made and packaged for clinical 
studies are usually tested at an accelerated condition in order 
to predict that the packaged material will be stable for the du- 
ration of the clinical study. A material stable for one month at 
accelerated temperature (40°C) supports that the material 
stored at room temperature should be stable for at least 3 
months. This true only when the activation energy of the degra- 
dation process is about 15 kcal/mole (Q,5 factor = 3.36) [In 
other words, a reaction at 40°C should be 3.36 times faster than 
the same reaction at 25°C; or the reaction will take 3.36 times 

longer at 25°C than at 40°C)]. 
The technique of estimating the shelf life of a formulation 

from its accumulated stability data has evolved from examining 
the data and making an educated guess through plotting the 
time-temperature points on appropriate graph paper and 
crudely extrapolating a regression line to the application of rig- 
orous physical-chemical laws, statistical concepts, and comput- 
ers to obtain meaningful, reliable estimates. 

A simple means of estimating shelf life from a set of com- 
puter-prepared tables has been described by Lintner et al.’ This 
system was developed to select the best prototype formulation on 
the basis of short-term stability data and predict both estimated 
and minimum shelf-life values for the formulation. It is a middle- 
ground approach between the empirical methods and the mod- 
ern, rigorous statistical concepts. All calculations can be made 
readily by hand, and the estimated values can be obtained easily 
from appropriate tables. The system assumes that 

1. Shelf-life predictions can be made satisfactorily for lower temper- 
atures using the classical Arrhenius model from data obtained at 
higher temperatures. 

2. The energy of activation of the degradation reaction is between 
10 and 20 kcal/mol (this is a safe assumption, as Kennon® has 
noted that rarely are drugs with energies of activation below 10 
kcal/mol used in pharmacy, and for values as high as 20 
kcal/mol, the error in the shelf-life prediction will be on the con- 
servative side). 

3. The rate of decomposition will not increase beyond that already 
observed. 

4. The standard deviation of the replicated assays is known or can 
be estimated from the analytical data. 

This concept further assumes that the degradation reaction fol- 
lows zero- or pseudo-zero-order kinetics. For data correspond- 
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ing to a zero-, first-, or second-order degradation pattern, it is 
impossible to distinguish one order from another with usual an- 
alytical procedures, when the total degraded material is not 
large. In addition, shelf-life calculations assuming zero-order 
kinetics are more conservative than those for higher orders. 

This middle-ground system is useful in creating the experi- 
mental design for the stability study. The formulator has the 
opportunity to study various combinations of parameters to try 
to optimize the physical-statistical model. One can check the ef- 
fect of improving the assay standard deviation, running addi- 
tional replicates, using different time points, and assuming var- 
ious degradation rates and energies of activation on the 
stability of the test formulation. 

McMinn and Lintner later developed and reported on an in- 
formation-processing system for handling product stability 
data.” This system saves the time of formulators in analyzing 
and interpreting their product stability data, in addition to 
minimizing the amount of clerical help needed to handle an 
ever-increasing assay load. For products such as those of vita- 
mins, for example, where large overages are required, the sta- 
tistical portions of this advanced technique aid the manufac- 
turer to tailor the formula composition to obtain the desired 
and most economical expiration dating. 

This system stores both physical and chemical data and re- 
trieves the information in three different formats (one of which 
was designed specifically for submitting to regulatory agen- 
cies). It analyzes single-temperature data statistically by anal- 
ysis of covariance and regression or multiple-temperature data 
by weighted or unweighted analysis using the Arrhenius rela- 
tionship; provides estimates of the shelf life of the preparation 
with the appropriate confidence intervals; preprints the assay 
request cards that are used to record the results of the respec- 
tive assay procedures and to enter the data into the system; and 
produces a 5-yr master-stability schedule as well as periodic 14- 
day schedules of upcoming assays. 

As mentioned above, a portion of the advanced system ana- 
lyzes the stability data obtained at a single temperature by 
analysis of covariance and regression. This analysis is based on 
the linear (zero-order) model 

Y; w= BX; +o; + gy (2) 

where Yj; is the percentage of label of the jth stability assay of 
the ith lot, X; is the time in months at which Y;; was observed, 
B: and «; are the slope and intercept, respectively, of the re- 
gression line of the ith lot, and &;; is a random error associated 
with Y;;. The random errors are assumed to be identically and 
independently distributed normal variables with a zero mean 
and a common variance, o>. 

A summary of the regression analysis for each individual lot 
and for the combination of these lots, plus a summary of the 
analyses of covariance and deviation from regression is pre- 
pared by the computer. 

Because the computer combines, or pools, the stability data 
from the individual lots, irrespective of the statistical integrity 
of this step, the pooled data are examined for validity by the F 
test. The mean square of the regression coefficient (slope) is di- 
vided by the mean square of the deviation within lots, and sim- 
ilarly, the adjusted mean (y intercept) is divided by the common 
mean square to give the respective F ratios. The latter values 
then are compared with the critical 5% F values. When the cal- 
culated F values are smaller than the critical F values, the data 

may be combined, and the pooled data analyzed. 
A printout for the combined lots as well as for each indi- 

vidual lot provides the estimated rate of degradation and its 
standard error in percentage per month for each ingredient. 
The Student t value is calculated from these estimates and 
tested for significance from zero. When the ¢ value is signifi- 
cant, the printout contains an estimate of the shelf life with 
the appropriate confidence interval. When the ¢ value is not 
significantly different from zero, estimates of the minimum 
and projected shelf-life values are made. In addition, coordi- 
nates of the calculated least-squares regression line with ap- 
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propriate confidence limits for the mean and individual pre- 
dicted assays are printed. 

Plots of the resulting least-squares line containing the indi- 
vidual data points also are printed by the computer. For the cal- 
culation of Xo, ¥ equals Y + p(X, — X..), where f is the least- 
squares estimate of the slope, and X.. is the mean time of assay. 

The sample variance for this estimate, S” (Y)is equal to 

2 1 Xo -X.? 

Sy-x E ¥ 0 —Xy & 
where N is the number of assays. The 95% confidence interval 
is equal to Y = 40.055 (9) 

For cases in which the slope of the best fitting line is positive 
and significantly different from zero (resulting, eg, from solvent 
evaporation), the statement “no degradation has been detected 
and hence no shelf-life estimate is made” is printed. When the 
computed line has a positive slope but not significantly differ- 
ent from zero, only the minimum shelf-life value is calculated. 

Traditionally, extensive stability data are collected at the 
recommended storage temperatures (usually refrigerator 
and/or room temperature) to be placed on the label of the pack- 
age. However, elevated-temperature data are very valuable in 
determining the shelf life of a product. In practice, multiple lev- 
els of thermal stress are applied to the formulation so that ap- 
propriate shelf-life estimates can be made for normally expected 
marketing conditions. In cases in which data from accelerated 
studies are used to project a tentative expiration date that is be- 
yond the date supported by actual shelf-life studies, testing 
must continue until the tentative expiration date is verified. 

The effect of temperature variation on the rate of a reaction 
can be expressed by an integrated form of the Arrhenius 
equation 

k =se—EA,/RT (4) 

where, k is the rate constant, E, is the energy of activation in 
kcal/mole, R is the universal gas constant of 1.987 cal/deg mole, 
T is the temperature in degrees in Kelvin, and S is a constant 
that is related to the specific reaction. 

ko E, Ty = Ty 
log Fx = rao Ty * T, ) (5) 

where, k; is the rate constant at temperature T; and ks is the 
rate constant at temperature Tb. 

A weighted modification of this model has been incorporated 
into the previously described computerized system. Each print- 
out contains a statement concerning the acceptability of the Ar- 
rhenius assumption with its appropriate probability level, the 
slope and intercept for the Arrhenius line, the estimated ap- 
parent energy of activation with its 95% confidence limits, plus 
the estimated shelf-life values at selected temperatures. 

The analysis of first-order stability data is based on the lin- 
ear model 

Yi, =a; t+ BX; + Ey (6) 

where Yj; is the natural logarithm of the assay value for the jth 
observation of the ith temperature, Xj; is the elapsed time in 
months for the assay sample for the ith temperature, B; and «; 
are the slope and intercept, respectively, and ¢;; is a random er- 
ror associated with Yj. The errors are assumed to be dis- 
tributed identically and independently, normally with a zero 
mean and variance o”. 

For orders other than first, Y;; represents the concentration 
raised to the power of 1 minus the order. 

The estimated rate constant (ie, the negative slope) is 

-b; = -Y (Yy — YX — XXX — Xi (7) 

The standard error of the estimated rate constant is 

B SX/Y) 
=b; = 3, — Xe (8) 

where S(Y/X), the residual standard error, is equal to 

  

SX/Y) = 

2 XX — XY — YORI) % 

I= = 2 Ew - Yr - : 2 I 9) 

=1 > (X; = X)) 

According to the Arrhenius relationship, faster degradation oc- 
curs at the higher temperatures; hence, assays for the high- 
temperature data usually are run more often but for a shorter 
period of time. The effect of simple least-squares analysis of this 
type of data is to force the Arrhenius equation through the low 
temperature data and essentially ignore the high-temperature 
information. Thus, much more credence is placed in the point 
estimates of the low temperature than is warranted. In addi- 
tion, the usual confidence limits on extrapolated degradation 
rates at refrigerator or room temperature cannot be made 
validly. For these reasons, Bentley'” presented a method based 
on a weighted least-squares analysis to replace the unweighted 
approximation. He also developed a statistical test for the va- 
lidity of the Arrhenius assumption, which is computed easily 
from the results of the unweighted method. 

To make shelf-life estimates from elevated temperature data, 
two storage temperatures are obviously the minimum. As the ac- 
curacy of the extrapolation is enhanced by using additional tem- 
peratures, a minimum of four different temperatures is recom- 
mended for most product stability studies. With the current use 
of computers to do the bulk of stability calculations, including 
weighted least-squares analysis, the temperatures and storage 
conditions need not be selected for arithmetic convenience. 

It is not necessary to determine the mechanism of the degra- 
dation reaction. In most cases, it is necessary only to follow 
some property of degradation and to linearize this function. Ei- 
ther the amount of intact drug or the amount of a formed degra- 
dation product may be followed. It usually is impractical to de- 
termine the exact order of the reaction. With assay errors in the 
range of 2 to 5%, at least 50% decomposition must occur before 
the reaction order can be determined. As the loss with pharma- 
ceuticals generally is less, zero-order kinetics should be as- 
sumed, unless the reaction order is known from previous work. 
In any case, replication of stability assays is advisable. 

The batches of drugs used for a stability study should be rep- 
resentative of production run material or at least material of a 
known degree of purity. The quality of the excipients also 
should be known, as their impurities or even their moisture 
content can affect product stability deleteriously. Likewise, the 
samples of the formulation taken for the stability study must be 
representative of the lot. 

Specific, stability-indicating assay methods must be used, to 
make meaningful shelf-life estimates. The reliability and speci- 
ficity of the test method on the intact molecule and on the 
degradation products must be demonstrated. 

ADDITION OF OVERAGE 

The problem of declining potency in an unstable preparation 
can be ameliorated by the addition of an excess or overage of the 
active ingredient. Overages, then, are added to pharmaceutical 
formulations to keep the content of the active ingredient within 
the limits compatible with therapeutic requirements, for a pre- 
determined period of time. 

The amount of the overage depends upon the specific ingredi- 
ent and the galenical dosage form. The International Pharma- 
ceutical Federation has recommended that overages be limited 
to a maximum of 30% over the labeled potency of an ingredient. 

PHARMACEUTICAL CONTAINERS 

The official standards for containers apply to articles packaged 
by either the pharmaceutical manufacturer or the dispensing 

   



  

  

pharmacist unless otherwise indicated in a compendial mono- 
graph. In general, repackaging of pharmaceuticals is inadvis- 
able. However, if repackaging is necessary, the manufacturer 
of the product should be consulted for potential stability 
problems. 

A pharmaceutical container has been defined as a device 
that holds the drug and is, or may be, in direct contact with the 
preparation. The immediate container is described as that 
which is in direct contact with the drug at all times. The liner 
and closure traditionally have been considered to be part of the 
container system. The container should not interact physically 
or chemically with the formulation so as to alter the strength, 
quality, or purity of its contents beyond permissible limits. 

The choice of containers and closures can have a profound ef- 
fect on the stability of many pharmaceuticals. Now that a large 
variety of glass, plastics, rubber closures, tubes, tube liners, etc 
are available, the possibilities for interaction between the pack- 
aging components and the formulation ingredients are im- 
mense. Some of the packaging elements themselves are subject 
to physical and chemical changes that may be time-tempera- 
ture dependent. 

Frequently, it is necessary to use a well-closed or a tight con- 
tainer to protect a pharmaceutical product. A well-closed con- 
tainer is used to protect the contents from extraneous solids or 
a loss in potency of the active ingredient under normal com- 
mercial conditions. A tight container protects the contents from 
contamination by extraneous materials, loss of contents, efflo- 
rescence, deliquescence, or evaporation and is capable of tight 
re-closure. When the packaging and storage of an official arti- 
cle in a well-closed or tight container is specified, water-perme- 
ation tests should be performed on the selected container. 

In a stability program, the appearance of the container, with 
special emphasis on the inner walls, the migration of ingredi- 
ents onto/into the plastic or into the rubber closure, the migra- 
tion of plasticizer or components from the rubber closure into 
the formulation, the possibility of two-way moisture penetra- 
tion through the container walls, the integrity of the tac-seal, 
and the back-off torque of the cap, must be studied. 

GLASS—Traditionally, glass has been the most widely used 
container for pharmaceutical products to ensure inertness, 
visibility, strength, rigidity, moisture protection, ease of re- 
closure, and economy of packaging. While glass has some dis- 
advantages, such as the leaching of alkali and insoluble flakes 
into the formulation, these can be offset by the choice of an ap- 
propriate glass. As the composition of glass may be varied by 
the amounts and types of sand and silica added and the heat 
treatment conditions used, the proper container for any formu- 
lation can be selected. 

According to USP 26, glass containers suitable for packaging 
pharmacopeial preparations may be classified as either Type I, 
Type 11, Type 111, or type NP. Containers of Type I borosilicate 
glass are generally used for preparations that are intended for 
parenteral administration, although Type II treated soda-lime 
glass may be used where stability data demonstrates its suit- 
ability. Containers of Type III and Type NP are intended for 
packaging articles intended for oral or topical use. 

New, unused glass containers are tested for resistance to at- 
tack by high-purity water by use of a sulfuric acid titration to 
determine the amount of released alkali. Both glass and plastic 
containers are used to protect light-sensitive formulations from 
degradation. The amount of transmitted light is measured us- 
ing a spectrometer of suitable sensitivity and accuracy. 

Glass is generally available in flint, amber, blue, emerald 

green, and certain light-resistant green and opal colors. The 
blue-, green-, and flint-colored glasses, which transmit ultravi- 
olet and violet light rays, do not meet the official specifications 
for light-resistant containers. 

Colored glass usually is not used for injectable preparations, 
since it is difficult to detect the presence of discoloration and 
particulate matter in the formulations. Light-sensitive drugs 
for parenteral use usually are sealed in flint ampuls and placed 
in a box. Multiple-dose vials should be stored in a dark place. 
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Manufacturers of prescription drug products should include 
sufficient information on their product labels to inform the 
pharmacist of the type of dispensing container needed to main- 
tain the identity, strength, quality, and purity of the product. 
This brief description of the proper container, e.g., light- resis- 
tant, well-closed, or tight, may be omitted for those products 
dispensed in the manufacturer’s original container. 

PLASTICS—Plastic containers have become very popular 
for storing pharmaceutical products. Polyethylene, polystyrene, 
polyvinyl chloride, and polypropylene are used to prepare plastic 
containers of various densities to fit specific formulation needs. 

Factors such as plastic composition, processing and cleaning 
procedures, contacting media, inks, adhesives, absorption, ad- 

sorption, and permeability of preservatives also affect the suit- 
ability of a plastic for pharmaceutical use. Hence, biological test 
procedures are used to determine the suitability of a plastic for 
packaging products intended for parenteral use and for poly- 
mers intended for use in implants and medical devices. Sys- 
temic injection and intracutaneous and implantation tests are 
employed. In addition, tests for nonvolatile residue, residue on 
ignition, heavy metals, and buffering capacity were designed to 
determine the physical and chemical properties of plastics and 
their extracts. 

The high-density polyethylene (HDPE) containers, which 
are used for packaging capsules and tablets, possess character- 
istic thermal properties, a distinctive infrared absorption spec- 
trum, and a density between 0.941 and 0.965 g/cm”. In addition, 
these containers are tested for light transmission, water-vapor 
permeation, extractable substances, nonvolatile residue, and 
heavy metals. When a stability study has been performed to es- 
tablish the expiration date for a dosage form in an acceptable 
high-density polyethylene container, any other high-density 
polyethylene container may be substituted provided that it, too, 
meets compendial standards and that the stability program is 
expanded to include the alternative container. 

Materials from the plastic itself can leach into the formu- 
lation, and materials from the latter can be absorbed onto, 
into, or through the container wall. The barrels of some plas- 
tic syringes bind various pharmaceutical preservatives. How- 
ever, changing the composition of the syringe barrel from ny- 
lon to polyethylene or polystyrene has eliminated the binding 
in some cases. 

A major disadvantage of plastic containers is the two-way 
permeation or breathing through the container walls. Volatile 
oils and flavoring and perfume agents are permeable through 
plastics to varying degrees. Components of emulsions and 
creams have been reported to migrate through the walls of 
some plastics, causing either a deleterious change in the for- 
mulation or collapse of the container. Loss of moisture from a 
formulation is common. Gases, such as oxygen or carbon diox- 
ide in the air, have been known to migrate through container 
walls and affect a preparation. 

Solid dosage forms, such as penicillin tablets, when stored in 
some plastics, are affected deleteriously by moisture penetra- 
tion from the atmosphere into the container. 

Single unit does packaging in the form of blister packages are 
often used to package capsule and tablet dosage forms. A typical 
blister package is comprised of a polymeric film that is molded to 
have a cavity into which the dosage form is placed. The polymer 
film is then heat bonded to a paper backed foil liner. 

As with plastic bottles, the blister package will allow a cer- 
tain amount of moisture vapor permeation to occur, and this 
must be a consideration when selecting the type of film used for 
the package. The choice of packaging materials used depends 
on the degree to which the product needs to be protected from 
light, heat and moisture. Each material has different resistance 
to each of these elements and will affect the shelf life and stor- 
age conditions of the packaged pharmaceutical. 

Polyvinylchloride (PVC) offers the least resistance to mois- 
ture vapor permeation. Polyvinylidenechloride (PVdC) has 
characteristics similar to PVC but offers superior resistance to 
moisture vapor permeation. Aclar, which is a polychlorotrifluo- 
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roethylene (PVC-CTFE) film has the lowest water vapor per- 
meability and thus offers the best protection from moisture. 

METALS—The pharmaceutical industry was, and to a de- 
gree still is, a tin stronghold. However, as the price of tin con- 
stantly varies, more-collapsible aluminum tubes are being 
used. Lead tubes tend to have pinholes and are little used in the 
industry. 

A variety of internal linings and closure fold seals are avail- 
able for both tin and aluminum tubes. Tin tubes can be coated 
with wax or with vinyl linings. Aluminum tubes are available 
with epoxy or phenolic resin, wax, vinyl, or a combination of 
epoxy or phenolic resin with wax. As aluminum is able to with- 
stand the high temperatures required to cure epoxy and pheno- 
lic resins adequately, tubes made from this metal presently of- 
fer the widest range of lining possibilities. 

Closure fold seals may consist of unmodified vinyl resin or 
plasticized cellulose and resin, with or without added color. 

Collapsible tubes are available in many combinations of di- 
ameters, lengths, openings, and caps. Custom-use tips for oph- 
thalmic, nasal, mastitis, and rectal applications also are avail- 
able. Only a limited number of internal liners and closure seals 
are available for tubes fitted with these special-use tips. 

Lined tubes from different manufacturers are not necessar- 
ily interchangeable. While some converted resin liners may be 
composed of the same base resin, the actual liner may have 
been modified to achieve better adhesion, flow properties, dry- 
ing qualities, or flexibility. These modifications may have been 
necessitated by the method of applying the liner, the curing 
procedure, or, finally, the nature of the liner itself. 

CLOSURES 

The closures for the formulations also must be studied as a por- 
tion of the overall stability program. While the closure must 
form an effective seal for the container, the closure must not re- 
act chemically or physically with the product. It must not ab- 
sorb materials from the formulation or leach its ingredients 
into the contents. 

The integrity of the seal between the closure and container 
depends on the geometry of the two, the materials used in 
their construction, the composition of the cap liner, and the 
tightness with which the cap has been applied. Torque is a 
measure of the circular force, measured in inch-pounds, which 
must be applied to open or close a container. When pharma- 
ceutical products are set up on a stability study, the formula- 
tion must be in the proposed market package. Thus, they 
should be capped with essentially the same torque to be used 
in the manufacturing step. 

Rubber is a common component of stoppers, cap liners, and 
parts of dropper assemblies. Sorption of the active ingredient, 
preservative, or other formulation ingredients into the rubber 
and the extraction of one or more components of the rubber into 
the formulation are common problems. 

The application of an epoxy lining to the rubber closure re- 
duces the amount of leached extractives but essentially has no 
effect on the sorption of the preservative from the solution. 

Teflon-coated rubber stoppers may prevent most of the sorption 
and leaching. 
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average annual growth 
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activity of daily living 
absorption, distribu- 

tion, metabolism, and 
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adverse drug reaction 
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Service 
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Policy Research 
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Research and Quality 
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insufficiency 
acquired immunodefi- 

ciency syndrome 
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Foundation 

acute lymphoblastic 
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degeneration 
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infarction 
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application 

atrial natriuretic factor 
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network 
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system 
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active pharmaceutical 
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and Science 
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machine 
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adenosine triphos- 
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Agency for Toxic Sub- 
stances and Disease 
Registry 

area under the curve 
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BCE 
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BMD 
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blood-brain barrier 
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System 

Board Certified Nu- 
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macotherapy 
Specialist 

Biopharmaceutical 
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chemical 
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bovine serum albumin 
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injection 

coronary artery disease 
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native medicine 
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CAS 

CAT 
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CCD 
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CD 
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adherence score 
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Activities 

complete blood count 
cost-benefit analysis 
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Evaluation and 
Research 
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blockers 
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Commissioned Corps 
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Centers for Disease 
Control and 
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uation and Research 

certified disease 
management 

Center for Devices 
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chromatography 
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Safety and Applied 
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cystic fibrosis trans- 
membrane regulator 
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chronic granuloma- 

tous disease 
cyclic guanosine-3',5'- 
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current good manu- 
facturing practice 

Commission on 
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tion Programs 
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disease 

congestive heart 
failure 
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confidence interval, 
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chemical ionization 
mass spectrometry, 

chemical ionization 
mass spectroscopy 

Council for Interna- 
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of Medical Sciences 
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emission detector 
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CLIA 
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CML 
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COSY 
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CPC 
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CPMP 
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CPS 
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Improvement 
Amendments 
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cell-mediated 
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cerebral metabolic 
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and Medicaid 
Services 
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Accreditation 
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Standards of 
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Commissioned Officer 
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Program 
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spectroscopy 
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FDA’s Compliance 
Policy Guide 
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computerized 
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phate deposition 
disease 
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resuscitation 
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Specialties 

Consumer Product 
Safety Commission 

current procedural 
terms 

continuous quality 
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phenomenon, 
esophageal 
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CRT 
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DJD 
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organization 
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Abuse Prevention 
and Control Act of 
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colony stimulating 
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combat support 
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puted tomography 
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zone 
cost utility analysis 
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immunodeficiency 
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Drug Enforcement 
Administration 
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drug and cosmetic 
Drug Addiction 
Treatment Act 

diastolic blood 
pressure 

direct current 
double contrast 
barium exam 
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tions and Control 
Trial 

FDA’s Drug Market- 
ing Advertising and 
Communications 

Drug Enforcement 
Administration, 
Drug Enforcement 
Agency 

diethyltoluamide 
degrees of freedom 
daily food value 
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and Human 
Services 

diabetes insipidus 
disseminated 

intravascular 
coagulation 

desquamative 
interstitial 
pneumonitis 
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tion system-con- 
densed use scale 

degenerative joint 
disease 

DLBCL 

DLVO 

DM 
DMAA 

DMSO 
DMT 
DNA 
DNR 
DOD 

DOT 
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DPPC 

DPSV 

DRE 

DRG 

DRI 

DRP 
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DSC 
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DSMB 
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DTA 
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DTP 
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Disease Management 
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America 
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deoxyribonucleic acid 
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Department of 
Defense 
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treatment, 

Department of 
Transportation 
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Term Restoration 
Act 
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drug response 
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rectal examination 

diagnosis-related 

group 
dietary reference 

intake 
drug-related problem 
drug regimen review 
daily reference value 
degree of substitution 
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Dietary Supplement 
Health and Educa- 
tion Act 

Drug Safety and 
Monitoring Board 

disease state 
management 

diabetes self-manage- 
ment training 

dispensing tablet 
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analysis 
diphtheria and 
tetanus toxoids and 
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drug therapy assess- 
ment worksheet 

diphtheria, tetaus 
and pertussis 
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list 
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toxoids and whole- 
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evaluation 
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dual energy x-ray 
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management 
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EBM 

EBV 
EC 

ECD 

ECF 
ECF-A 

ECG 
ECL 

EDA 

EDI 

EDRF 

EDV 
EEG 

FAB 

evidence-based 
medicine 

Epstein-Barr virus 
ethics committee, 

effective 
concentration 

electron capture 
detector 

extracellular fluid 
eosinophil 
chemotactic factor 
of anaphylaxis 

electrocardiogram 
enterochromaffin-like 
enteric-coated tablet 
emergency 
department 

electron donor- 
acceptor 

50% effective dose 
electronic data 

interchange 
endothelium-derived 

relaxing factor 
ethylenediaminete- 

traacetic acid 
end diastolic volume 
electroencephalogram 
exfoliative erythro- 
derma syndrome 

electron impact 
enzyme immunoassay 
electrocardiogram 
enzyme-linked im- 
munosorbent assay 

evaporative light 
scattering 

ethical, legal, and 
social implication 

electromagnetic, 
emergency medicine 

enzyme-mediated im- 
munologic technique 

error mean square 
enteral nutrition 
Entomological Society 

of America 
enzyme auxotroph 

bacterial assay 
electro-osmotic flow 
European 
Pharmacopeia 

Environmental 
Protection Agency 

electron probe 
microanalysis 

extrapyramidal 
symptom 

enzyme prodrug 
therapy 

equivalent, equation 
electrochemical 

relaxation 
measurements 

electron spectroscopy 

chemical analysis 
electrospray 

ionization 
Electronic Signatures 

in Global and 
National Commerce 
Act 

electron spin reso- 
nance, erythrocyte 
sedimentation rate 

end stage renal 
disease 

enterostomal 
therapist 

endotoxin unit 

Federal Aviation 
Administration 

fast-atom 
bombardment 

FAO 

FBI 

FCT 
F-D 
FDA 

FDAMA 

FD&C 

FDP 

FEF 
FEPCA 

FEV 

FFA 

Food and Agriculture 
Organization 

Federal Bureau of 
Investigation 

film-coated tablet 
force-displacement 
Food and Drug 
Administration 

FDA Modernization 
Act 

Food, Drug and 
Cosmetic 

fibrinogen degrada- 
tion products 

forced expiratory flow 
Federal Environmen- 

tal Pesticide Control 
Act 

forced expiratory 
volume 

free fatty acid 
fast Fourier 
transform 

field hospital, familial 
hypercholes- 
terolemia 

first human dose 
flow injection analysis 
flame ionization 
detector, free 
induction decay 

Federal Insecticide, 
Fungicide and 
Rodenticide Act 

far infrared 
fragment length 
polymorphism 

failure mode and 
effects analysis 

fecal occult blood test 
fiber-optic Doppler 
anemometer 

flame photometric 
detector 

fluorescence polariza- 
tion immunoassay 

functional residual 
capacity 

follicle-stimulating 
hormone 

Fourier 
transformation 

fluorescent trepone- 
mal antibody 

Federal Trade 
Commission 

Fourier transform in- 
frared spectrometry 

Fourier transform 
mass spectrometry 

Fourier transform 
nuclear magnetic 
resonance 

forced vital capacity 

gamma-aminobutyric 
acid 

generalized anxiety 
disorder 

General Accounting 
Office 

good aseptic practice 
gas chromatography 
gastrin-producing 

cells 
Good Clinical Prac- 

tices, Good Com- 
pounding Practices 

gas chromatogra- 
phy/mass 
spectrometry 

Good Compounding 
Practices 

HBIG 

granulocyte colony- 
stimulating factor 

gene-directed EPT 
gross domestic 

product 
gastroesophageal 

reflux disease 
glomerular filtration 

rate 

growth hormone 
gastrointestinal 
gas-liquid 
chromatography 

good laboratory 
practice 

glucose transporter 
good manufacturing 

practice 
gonadotropin- 

releasing hormone 
glomerulonephritis 
glial cell line-derived 

neurotrophic factor 
guanine nucleotide- 

coupled receptor 
generally recognized 

as safe 
gas-solid 
chromatography 

glucose 6-phosphate 
glucose 6-phosphate 
dehydrogenase 

graft vs host disease 
gynecology 

hemagglutination 
hepatitis-associated 

antigen 
highly active 

antiretroviral 
therapy 

haemophilus, 
actinobacillus, 
cardiobacterium, 
eikenella, kingella 

hazard analysis and 
critical control point 

hepatitis B immune 
globulin 

high blood pressure 
hemoglobin S 
hepatitis B virus 
hydrocarbon 
hierarchical cluster 

analysis 
Health Care Financ- 

ing Administration 
hydrochlorofluorocar- 

bons 
human chorionic 
gonadotropin 

health collaboration 
model 

home care 
pharmaceutical 

HCFA Common 
Procedure Coding 
System 

home-care 
pharmaceuticals 

health care 
representative 

hydrochlorothiazide 
hepatitis C virus 
high-density 

lipoprotein 
high-density 
polyethylene 

health employer data 
and information set 

high-efficiency 
particulate air 

hepatitis B 

HPLC/MS 

HPRS 
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height equivalent to a 
theoretical plate 

hydrofluoroalkane 
hydrofluorocarbons 
health care failure 
modes and effects 
analysis 

hyperglycemic factor 
human growth 
hormone 

Health and Human 
Services 

Haemophilus 
influenza type b 

hydrophobic 
interaction 
chromatography 

Health Industry 
Manufacturers 
Association 

Health Insurance 
Portability and 
Accountability Act 

human immunodefi- 
ciency virus 

human leukocyte 
antigen 

human leukocyte 
antigen (locus) DR 

hydrophile-lipophile 
balance 

human luteinizing 
hormone 

home medical 
equipment 

health maintenance 
organization 

high osmolality 
contrast agents 

Heart Outcomes 
Prevention 
Evaluation, 
Women’s Health, 
Osteoporosis, 

Progestin, Estrogen 
Trial 

health promotion and 
disease prevention 

hypothalamic- 
pituitary-adrenal 

human placental 
lactogen 

high-performance 
liquid chromatog- 
raphy 

high-performance 
liquid chromatogra- 
phy/mass spectrom- 
etry 

Homeopathic 
Pharmacopoeia 
Revision Service 

Homeopathic Phar- 
macopoeia of the 
United States 

human papillo- 
mavirus 

Health Resource and 
Services Adminis- 
tration 

hormone replacement 
therapy 

human serum 
albumin 

hard and soft acid- 
base 

herpes simplex virus 
hypodermic tablet 
high-throughput 

screen 
hemolytic-uremic 
syndrome 

heating, ventilating, 
and air conditioning 

hot wire detector 

   



  

  

ICR 

ICSH 

ICU 
ID 
IDDM 

IDIS 

IDU 
IEC 

IFN 
Ig 
IGIM 

IGIV 

IGT 

THD 
THGFC 

HI 

IHS 
IL 
ILP 

IM 
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electric current 
inflammatory bowel 

disease 
ideal body weight 
ion chromatography 
International Classi- 

fication of Diseases 
intracellular fluid, 

intermediate care 
facility 

International 
Committee on 
Harmonization 

inductively coupled 
argon plasma, inter- 
costals position 

ion cyclotron 
resonance 

interstitial cell-stimu- 
lating hormone 

intensive care unit 
intradermal 
insulin dependent 

diabetes mellitus 
Iowa Drug Informa- 

tion Service 
injection drug user 
institution ethics 
committee 

interferon 
immunoglobulin 
immune globulin 
intramuscular 

immune globulin 
intravenous 

impaired glucose 
tolerance 

ischemic heart disease 
International Human 
Genome Sequencing 
Consortium 

Institute for Health- 
care Improvement 

Indian Health Service 
interleukin 
inductive logic 
programming 

intramuscular 
Individual Mobiliza- 

tion Augmentee 
intranasal 

INADEQU- 
ATE 

IND 

INEPT 

INN 

INR 

10L 
10M 
10P 
IPA 

IPE 

IPM 

IPV 

IR 
IRB 

IRR 

IS 

incredible natural 
abundance double 
quantum transition 
experiment 

Investigational New 
Drug 

insensitive nucleus 
enhancement by po- 
larization transfer 

International Nonpro- 
prietary Names 

International Nor- 
malized Ratio 

intraocular lens 
Institute of Medicine 
intraocular pressure 
International 
Pharmaceutical 
Abstracts, isopropyl 
alcohol 

introductory practice 
experiences 

integrated pest 
management 

inactivated polio 
virus 

infrared 
institutional review 

Individual Ready 
Reserve 

information sciences 

ion-sensitive electrode 
interstitial fluid 
Institute for Scientific 
Information 

Institute for Safe 
Medication 
Practices 

International 
Standardization 
Organization 

internet service 
provider 

International Society 
for Pharmaceutical 
Engineering 

ion-scattering 
spectroscopy 

intention to treat 
analysis 

idiopathic thrombocy- 
topenic purpura, 
immune thrombocy- 
topenia purpura 

intra-uterine device 
International Union 

of Pure and Applied 
Chemistry 

intravenous 
in-vitro diagnostic 
intravascular fluid 
in vitro—in vivo 

Journal of the 
American Medical 
Association 

Joint Commission on 
Accrediation of 
Hospitals 

Joint Commission on 
Accrediation of 
Healthcare 
Organizations 

Joint National 
Committee 

Japanese 
Pharmacopeia 

ketosteroid, Kaposi's 
sarcoma 

kilogray 
keeping the vein open 

laminar airflow 
workbench 

live attenuated in- 
fluenza vaccine 

limulus amebocyte 
lysate 

liquid 
chromatography 

liquid chromatogra- 
phy-Fourier trans- 
form infrared 

liquid 
chromatography 

lower critical solution 
temperature 

low-density 
lipoprotein 

low-density 
polyethylene 

light-emitting diode 
laminar flow 
luteinizing hormone 
linear low-density 
polyethylene 

liquid-liquid 
extraction 

lower osmolality 
contrast agents 

LPL 

L/S 

MIC 

lipoprotein lipase 
gene 

least square, lecithin 
to sphingomyelin 
ratio 

lysergic acid 
diethylamide 

leukotriene 
long term care facility 
luteotropin 
left ventricular end 

diastolic pressure 
large-volume injection 
large-volume 
parenteral 

monoclonal antibody 
maximum allowable 

cost, minimum alve- 
olar concentration 

matrix-assisted laser 
desorption 
ionization 

mucosa-associated 
lymphoid tissue 

monoamine oxidase 
inhibitor 

maximum a posteriori 
magic angle spinning 
mobile army surgical 

hospital 
mean absorption time 
multi-atribute utility 

theory 
minimum bactericidal 
concentration 

Malcolm Baldrige 
National Quality 
Program 

mean corpuscular 
hemoglobin 

mean corpuscular 
hemoglobin 
concentration 

managed care 
organization 

metacarpophalangeal 
multiple compressed 

tablet 
mean corpuscular 
volume 

metered-dose inhaler 
multidrug resistance 
minimum data set 
minimum effective 
concentration 

micellar electroki- 
netic capillary 
chromatography 

Medical Dictionary 
for Drug Regulatory 
Affairs 

micellar electrokinetic 
chromatography 

medication event 
monitoring system 

milliegivalent 
medication errors 
reporting 

medication error 
reduction program 

Minnesota Hospital 
and Healthcare 
Partnership 

major histocompati- 
bility complex 

reciprocal ohm 
mitral insufficiency, 
myocardial infarc- 
tion 

metabolite bacterial 
inhibition assay 

minimum inhibitory 
concentration 

MIL-STD 
MKT 

MLV 

MMR 

MMWR 

MNT 

MO 
MPBR 

MPD 

MPJE 

MQ-NMR 

MR 

MRC 

MRFIT 

MRI 

MRIP 

mRNA 
MRS 

MRT 
MS 

MSC 
MSD 
MS/MS 

MSPPA 

MSUD 

NABP 

NACDS 

NADPH 

NAG 

NAMS 

NARD 

NASA 

NASHP 

NCBTMB 

military standard 
mean kinetic 
temperature 

multilamellar vesicle 
measles, mumps, and 
rubella 

Morbidity and Mortal- 
ity Weekly Report 

medical nutrition 
therapy 

molecular orbital 
master production 
batch record 

minimum pyrogenic 
dose 

Multistate Pharmacy 
Jurisprudence 
Exam 

multiple quantum 
technique nuclear 
magnetic resonance 

mental retardation, 
mentally retarded 

medical research 
council 

Multiple Risk Factor 
Intervention Trial 

magnetic resonance 
imaging 

Model Rules for Insti- 
tutional Pharmacy 

messenger RNA 
magnetic resonance 
spectroscopy 

mean residence time 
mass spectrometry, 

mass spectroscopy, 

multiple sclerosis, 
mitral stenosis 

Medical Service Corps 
mass spectral detector 
mass 
spectrometry/mass 
spectrometry 

Model State Phar- 
macy Practice Act 

maple syrup urine 
disease 

minimum toxic 
concentration 

metatarsophalangeal 
mean transit time 
methotrexate 
medication-use 
evaluation 

molecular weight 
minimum weighable 
quantity 

National Association 
of Boards of 
Pharmacy 

National Association 
of Chain Drug 
Stores 

nicotinamide-ade- 
nine-dinucleotide 
phosphate 

ASPEN’s National 
Advisory Group 

North American 
Menopause Society 

National Association 
of Retail Druggists 

National Aeronautics 
and Space Adminis- 
tration 

National Academy for 
State Health Policy 

National Certification 
Board for Therapeu- 
tic Massage and 
Bodywork 

   



  

  

NCCAM National Center for 
Complimentary and 
Alternative 
Medicine 

NCCAOM National Center for 

NCCLS 

Complimentary and 
Alternative Orien- 
tal Medicine 

National Committee 
for Clinical Labora- 
tory Standards 

NCC MERP National Coordinat- 

NCE 
NCEP 

NCF-A 

NCHC 

NCI 

NCPA 

NCPDP 

NCPIE 

NCPS 

NCQA 

NDA 

NDC 
NDMS 

NEPM 

NGC 

NHANES 

NHGRI 

NIDA 

NIDDM 

NIH 

NIMH 

NIOSH 

NIR 
NISPC 

NIST 

NKC 
NMR 

NOE 

NPD 

NPH 

ing Council for 
Medication Error 
Reporting and 
Prevention 

new chemical entity 
National Cholesterol 
Education Program 

neutrophil 
chemotactic factor 
of anaphylaxis 

National Coalition on 
Health Care 

negative-ion chemical 
ionization, National 
Cancer Institute 

National Community 
Pharmacists 
Association 

National Council for 
Prescription Drug 
Programs 

National Council on 
Patient Information 
and Education 

National Center for 
Patient Safety 

National Committee 
for Quality 
Assurance 

New Drug 
Application 

National Drug Code 
National Disaster 

Medical System 
non-parametric popu- 

lation modeling 
National Guideline 
Clearinghouse 

National Health and 
Nutrition Examina- 
tion Survey 

National Human 
Genome Research 
Institute 

National Institute on 
Drug Abuse 

non-insulin 
dependent diabetes 
mellitus 

National Institutes of 
Health 

National Institute for 
Mental Health 

National Institute for 
Occupational Safety 
and Health 

near infrared 
National Institute for 
Standards in 
Pharmacist 
Credentialing 

National Institute of 
Standards and 
Technology 

natural killer cell 

nuclear magnetic 
resonance 

nuclear Overhauser 
effect 

nitrogen phosphorus 
detector 

neutral protamine 
Hagedorn 

OBDIV 
OBRA 

OCD 

Naturopathic 
Physician Licensing 
Examination 

nonprotein nitrogen 
National Public Radio 
National Patient 
Safety Foundation 

National Patient 
Safety Goals 

National Quality 
Forum 

National Quality 
Measures 
Clearinghouse 

Nuclear Regulatory 
Committee, Nuclear 
Regulatory 
Commission 

nicotine-replacement 
therapy 

National Surgical 
Adjuvant Breast 
and Bowel Project 

nonsteroidal anti- 
inflammatory drug 

National Science 
Foundation 

narrow therapeutic 
index 

“open access,” 
osteoarthritis 

Office of Alternate 
Medicine 

Old-Age and 
Survivors Insurance 

obstetrics 
operational division 
Omnibus Budget 
Reconciliation Act 

obsessive-compulsive 
disorder 

oral contraceptive pill 
outside diameter 
orally disintegrating 

tablet 
Operation Enduring 
Freedom 

Operation Iraqi Free- 
dom 

oligolamellar vesicles 
Oriental medicine 
degree 

oral polio vaccine 
operating room 
optical rotatory 
dispersion 

Occupational Safety 
and Health 
Administration 

old tuberculin 
over-the-counter, 
ornithine transcar- 
bamylase 

oil-in-water 

premature atrial de- 
polarization 

potential adverse 
drug event 

polyacrylamide gel 
electrophoresis 

policies and 
procedures 

pharmacy and 
therapeutics 

positive and negative 
syndrome scale 

peak acid output 
pulmonary arterial 
wedge 

phenobarbital 

PBE 

PBI 
PBM 

PBP 

PBR 

PC 

PCA 

PCCF 

PCP 

PCR 

PCV 

PDA 

PDCA 
PDGF 

PDMA 

PDR 

PDSA 
PDUFA 

PE 
PEG 

PEPI 

PEPT1 

PET 

PFG 
PFM 
PFR 
PGDB 

PGE 
PHI 

PhRMA 

PHS 

PHSA 

PICVI 

PID 

PIP 

PIT 

PKC 
PKU 
PL 
PLAN 

proton-balance 
equation 

protein-bound iodine 
pharmacy benefit 
management, 

pharmacy benefit 
manager 

penicillin-binding 
protein 

production batch 
record 

personal computer, 
percutaneous 

patient-controlled 
analgesia, principal 
component analysis 

pharmacist care claim 
form 

phencyclidine, 
pneumocystis 
carinii pneumonia 

polymerase chain 
reaction 

pneumococcal 
conjugate vaccine 

Parenteral Drug 
Association, 

personal digital 
assistant 

Plan-Do-Check-Act 
platelet-derived 
growth factor 

Prescription Drug 
Marketing Act 

Physicians’ Desk 
Reference 

Plan-Do-Study Act 
Prescription Drug 

User Fee Act 
pulmonary embolism 
polyethylene glycol, 
percutaneous endo- 
scopic gastrostomy 

Postmenopausal 
Estrogen/Progestin 
Interventions 

plasma membrane 
peptide transporter 

positron emission to- 
mography, positron 
emission test 

pulsed field gradients 
peak flow meter 
peak flow rate 
Prevention Guide- 

lines Database 
prostaglandin E 
personal health 

information, 
protected health 
information 

Pharmaceutical 
Research and 
Manufacturers 
Association 

US Public Health 
Service 

Public Health Service 
Act 

plasma impulse 
chemical vapor 
deposition 

photo-ionization 
detector, pelvic in- 
flammatory disease 

proximal 
interphalangeal 

phase inversion 
temperature 

protein kinase C 

phenylketonuria 

Public Law 

Pharmacists’ 
Learning Assictance 
Network 

POST 

PPA 
PPAC 

PPD 

PPI 

PPLO 

ppm 
PPO 

PPPA 

PPS 

PRN 

PRO 

GLOSSARY 2359 

programmable logic 
controllers, 
phospholipase C 

polarized light 
microscopy 

polymyositis 
Pharmaceutical 
Manufacturers 
Association 

polymethylmethacry- 
late, (methacrylic 
acid) 

polymorphonuclear 
leukocyte 

post-marketing 
surveillance 

parenteral nutrition 
paroxysmal nocturnal 
dyspnea 

psychoneuroim- 
munology 

peripheral nervous 
system 

probability of 
nonsterile unit 

protein nitrogen unit 
durable power of 

attorney 

point-of-care 
problem-oriented 
medical record 

Polymer Science and 
Technology 

protein precipitation 
phenylpropanolamine 
pharmacy practice ac- 

tivity classification 
purified protein 
derivative 

proton pump 

inhibitor, patient 
package insert 

pleuropneumonia-like 
organism 

parts per million 
preferred provider 
organization, 

poly(propylene 
oxide) 

Poison Prevention 
Packaging Act 

professional 
pharmacy services 

prolactin 
as needed, Pharmacist 
Recovery Network 

professional review 
organization 

prostate specific 
antigen 

Program Support 
Center, pluripotent 
stem cell 

porto-systemic 
encephalopathy 

Pennsylvania Smell 
Identification Test 

phenolsulfonthalein 
pressure sore status 

tool 
pocket smell test 
paroxysmal supraven- 

ticular tachycardia 
prothrombin time 
plasma thromboplas- 

tin antecedent 

plasma thromboplas- 
tin component 

Pharmacy Technician 
Certification Board 

polytetrafluorethylene 

parathyroid hormone 

prothrombin time/ 
international 
normalized ratio 
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post-traumatic stress 
disorder 

partial thromboplas- 
tin time 

professionals and 
patients for cus- 
tomized care 

pressure ulcer scale 
for healing 

premature ventricu- 

lar contraction 
premature ventricu- 

lar depolarization 
polyvinylpyrrolidone 
pharmacist’s workup 

of drug therapy 

coulomb 
quality assurance 
quality-adjusted life 

years 
quality control 
quality of life 

rheumatoid arthritis 
random access 
memory 

research and 
development 

resident assessment 
protocol 

red blood cell 
resource-based rela- 

tive value scale 
root cause analysis 
renal cell carcinoma 
randomized 
controlled trial 

recommended daily 
allowance, recom- 
mended dietary 
allowance 

recombinant DNA 
reference daily intake 
rapid eve movement 
reticuloendothelial 
system 

rheumatoid factor 
restriction fragment 

length polymor- 
phism 

relative humidity 
rhesus blood 

factor/group 
recombinant granulo- 
cyte-macrophage 

refractive index 
radioimmunoassay 
recombinant 
immunoblot assay 

risk management 
program 

ribonucleic acid 
RNA interference 
ribonuclease 
reverse 0Smosis 
return on investment 
recombinant plas- 
minogen activator 

reverse-phase 
chromatography 

risk priority number 
rapid plasma reagin 
Remington’s Pharma- 

ceutical Sciences 
relative standard 

deviation 
reference standard 
endotoxin 

respiratory syncytial 
virus 

SI 

SIADH 

SIDS 

SIMS 

siRNA 
SLE 

SMBGP 

SMILES 

SMU EC 

SNDA 

SNP 

SOAP 

SOP 

SPE 
SPF 
SRM 

SSA 
SSRI 

STA 
STD 

STH 

residual volume 
relative value unit 
prescription 

sinoatrial 
sunlight affective 
disorder 

suspected adverse 
drug reaction 

serious adverse event 
sterility assurance 

level 
Substance Abuse and 
Mental Health 
Services 

sterility assurance 
probability 

Superfund 
Amendment and 
Reauthorization Act 

severe acute respira- 
tory syndrome 

systolic blood pressure 
subcutaneous 
soybean casein digest 
severe combined 
immunodeficiency 

support-coated open 
tubular 

sugar-coated tablet 
standard deviation 
standards develop- 
ment organization 

special delivery 
system 

size-exclusion 
chromatography, 
soft elastic capsule 

selective estrogen- 
receptor modulator 

supercritical fluid 
chromatography 

International System 
of Units 

syndrome of inappro- 
priate antidiuretic 
hormone secretion 

sudden infant death 
syndrome 

secondary ion mass 
spectrometry 

small interfering RNA 
systemic lupus 
erythematosus 

self-monitoring blood 
glucose product 

Simplified Molecular 
Line Entry 
Specification 

Safe Medication Use 
Expert Committee 

supplemental new 
drug application 

single nucleotide 
polymorphism 

subjective, objective, 
assessment, and 
plan 

standard operating 
procedure 

solid phase extraction 
sun protective factor 
selected reaction 
monitoring 

Social Security Act 
selective serotonin 
reuptake inhibitor 

slit-to-agar 
sexully transmitted 
disease 

somatotrophic 
hormone 

TMA 

TMP-SMZ 

TNA 

standard temperature 
and pressure 

scale-up and post- 
approval changes 

small unilamellar 
vesicles 

small-volume 
injection 

support vector 
machine 

small-volume 
parenteral 

sterile water for 
injection 

strengths, weak- 
nesses, opportuni- 
ties, and threats 

triiodothyronine 
thyroxine 
total available pool 
tuberculosis 
thyroxine-binding 

globulin 
thyroxine-binding 
prealbumin 

total cholesterol 
thermal conductivity 
conductor 

T-cell growth factor 
T-cell receptor 
toxicodynamic, 
tetanus and 
diphtheria 

telecommunication 
device for the deaf 

transdermal drug- 
delivery system 

toxic exposure and 
surveillance system 

triglyceride 
thermogravimetric 

analysis 
T helper 
transient ischemic 

attack 
total iron binding 
capacity 

trivalent inactivated 
influenza vaccine 

toxicokinetic 
thin-layer chromatog- 

raphy, therapeutic 
life-style change 

transcendental 
meditation 

thermomechanical 
analysis 

trimethoprim- 
sulfamethoxazole 

total nutrient 
admixture 

tissue necrosis factor 
total organic carbon 
Take Off Pounds 

Sensibly 
tissue plasminogen 

activator 
total pharmacy care 
total parenteral 

nutrition 
treatment, payment 

and health care 
operations 

Troop Program Unit 
total product quality 
total quality 
management 

thyrotropin-releasing 
hormone 

turning research into 
practice 

USNS 

USP 

USP DI 

USP/NF 

USPSTF 

UTI 
uv 

thin-layer rapid use 
epicutaneous 

test solution 
thermionic specific 
detector 

thyroid-stimulating 
hormone 

tablet triturate 
thrombotic 
thrombocytopenic 
purpura 

tidal volume 
two-dimensional 
nuclear magnetic 
resonance 

Uniform Commercial 
Code 

usual, customary and 
reasonable 

tolerable upper 
intake level 

unilamellar vesicles, 
ultralow-volume 

unique provider 
identification 
number 

upper respiratory 
infection 

Uniform Resource 
Locater 

United States Air 
Force 

United States 
Adopted Names 

United States Code 
United States 
Department of 
Agriculature 

United States Naval 
Ship 

United States 
Pharmacopeia 

USP Drug 
Information 

United States Phar- 
macopeia/National 
Formulary 

United States 
Preventive Services 
Task Force 

urinary tract infection 
ultraviolet 

volt 
Veterans Affairs 
vital capacity 
Venereal Disease 
Research 
Laboratory 

vascular endothelial 
growth factor 

Veterans Health 
Administration 

vasoactive intestinal 
polypeptide 

verified internet 
pharmacy practice 
sites 

visible 
very low calorie diet 
very low-density 
lipoprotein 

volatile organic 
compound 

venous 
thromboembolism 

variable number of 
tandem repeats 

   



  

  

WAS 

percent volume in 
volume 

von Willebrand’s 
disease 

von Willebrand factor 

watt 

wide awake 
wireless application 

protocol 
Wiskott-Aldrich 
syndrome 

WAVE 

WBC 
WCOT 

WFI 
WHA 

WHIMS 

WHO 

Women’s Angio- 
graphic Vitamin 
and Estrogen 

white blood cell 
wall-coated open 
tubular 

water for injection 
World Health 
Assembly 

Women’s Health 
Initiative Memory 
Study 

World Health 
Organization 

WIC Special Supplemental 
Program for 
Women, Infants, 
and Children 

water-in-oil 
percent weight in 
volume 

percent weight in 
weight 

X-linked agamma- 
globulinemia 

XRPD 
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extensible markup 
language 

X-ray diffraction 
X-ray powder 

diffraction 

atomic number 
Zollinger-Ellison 
syndrome 

zeta sedimentation 
ratio 
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A 

A1C Now, 1276 
A-200 pyrinate, 1599 
Abacavir sulfate, 1676 
Abarelix, 1560 
Abbokinase, 1334 
Abbreviated new drug application, 

968 

Abciximab, 1332 
Abciximab (chimeric), 1615t 
Aberrant observations, rejection of, 

150 

Abilify, 1515 
Absorption, drug delivery, 944 
Absorption, percutaneous, 872 

animal study relevance, 874 
in silico and in numero modeling, 

877 

in vitro/in vivo studies, 873 

penetration enhancers, 875, 876t 

Absorption, pharmacokinetics, 1181, 
1192 

Absorption, rectal, 877 
Absorption, vaginal, 878 
Absorption coefficient, 219 
Abuse, drugs of, 1276 
Acacia, 1072 

Acacia mucilage, 1072 
Acacia syrup, 1070 
Acamprosate, 2314 

Acarbose, 1453 
Accelerate, 1738 
Acceptance sampling, 154 
Accogel capsule machine, 924 
Accolate, 1374 
Accu-Chek Active, Advantage, 

Compact, and Complete, 
1276 

Accupril, 1356 
Accuracy, 130 

Accutane, 1291 

ACD Solution, 1329 
ACD Solution Modified, 1329 
Ac-De, 1569 

Acebutolol hydrochloride, 1401 
Acel-Imune, 1602t 
Aceon, 1356 

Acetaminophen, 1541 
Acetaminophen tablets, 300 mg, 912 
Acetazolamide, 1425 
Acetazolamide sodium, 1425 
Acetest, 1276 

Acetic acid, 1083 
concentrated, 1083 
crystallizable, 1083 
dilute, 1083 
diluted, 1083, 1626 

glacial, 1083 
Acetohexamide, 1453 
Acetone, 1080 

as a solvent, 222 
chloroform, 1059 

Acetylcholine chloride, 1390 
Acetylcysteine, 1376 
Acetylsalicylic acid tablets, 913 
Acid, hard, 190 
Acid, soft, 190 
Acid-base assays, 501 
Acid-base disturbances, 1115 
Acid-base pairs, conjugate, 381t 
Acid-dye method, 198 
Acid catalysis, specific, 274 
Acid value, 425 
Acidifiers, systemic, chemistry, 382 

Acids, 235 
aliphatic, 1737 
aqueous, 750 

arylaliphatic, 1738 
chemistry, 381, 391 
conjugate, 391 
differentiating solvent, 236 
diluted, 750 
ionization, 236 
Lewis, 190t 

phenoxy-aliphatic, 1737 
polyprotic, 237 
stability, 748 
strong, as “buffers,” 246 
strong, calculations, 242 
weak, calculations, 242 
weak, salts of, calculations, 244 

Aciphex, 1301 
Acne vulgaris, 1131 
Acquired immunodeficiency 

syndrome, 1140 
Acrisorcin, 1626 

Acrivastine, 1547 

Acrylic packaging, 1053 
ACTH, 1439 

Acthar, 1439 
ActHIB, 1602t 
Acthrel, 1270 
Actidase, 1313 
Actifed, 1550 

Actigall, 1303 
Actinides, 369 
Actinomycin-D, 1569 

Activase, 1332 

Activated partial thromboplastin 
time, 572 

Activity, 234 
Activity coefficient, solutions, 227 
Activity coefficients, 234 
Actos, 1455 

Acupuncture, 2323 

Acyclovir, 1676 
Adalat CC, 1366 
Adapin, 1520 
Addison’s disease, 1124 
Addition, 113 
Additives, ophthalmics, 862 
Adefovir dipivoxil, 1677 
Adenine, structure, 438t 
Adenocard, 1362 
Adenosine, 1269, 1362 
Adhesional forces, 282 
Administration for Children and 

Families, 46 
Administration on Aging, 46 
ADR monitoring, hospital-based, 

1223 

Adrenal crisis, 1125 
Adrenal disorders, 1124 
Adrenal insufficiency, primary, 1124 
Adrenal insufficiency, secondary, 

1125 

Adrenalin, 1386 
Adrenaline bitartrate, 1386 
Adrenergic and dopaminergic 

receptors, 1380t 

Adrenergic antagonists, 1399 
Adrenergic antagonists and 

adrenergic neuron 
blocking drugs, 1399 

Adrenergic neuron blockers, 1403 
Adrenocortical function, 585 
Adrenocorticotropin, 1439 
Adriamycin, 1571 

ADRs 
classification, 1222 
drug development, 1224 
further enhancing drug safety, 

1227 
how common are they?, 1221 
how costly are they?, 1221 
international monitoring, 1228 
pharmacoepidemiology, 1226 
pharmacogenomics, 1225 
pharmacovigilance, 1226 
postmarketing safety surveil- 

lance, 1225 
postmarketing surveillance, 

effectiveness, 1226 
reporting requirements, 1223 
response to detection, 1226 
risk factors, 1223 
toxicodynamics, 1224 
toxicokinetics, 1224 
what are they?, 1221 

Adrucil, 1573 
Adsorbents, 1277,1312 
Adsorption, 

effect on dissolution, 681 
from solution, 286 
from solution on to solid surfaces, 

289 
molecular, theory, 286 
vapor, solid surfaces, 285 

Adsorption chromatography, 599, 
610 

Adult respiratory distress syndrome, 
1104 

Adverse drug reactions, 1221 (see 
Rs) 

and clinical toxicology, 1221 
literature, 70 
manifested by the skin, 1133 

Advil, 1537 
AeroBid, 1447 
Aerosols, 181, 325, 1000 

actuators, 1010 

advantages, 1001 
applications, 1011 
barrier-type systems, 1005 
compressed gas, 1004 
compressed gases, 1009 
container and valve components, 

1013 
containers, 1009 

dispersions, 1012 
formulation, 1011 
liquefied gas systems, 1001 
liquefied gases, 1006 
metered-dose, 1012t 

emulsions, 1012 
evaluation, 1014 
formulation, 1012 
stability, 1029 

mode of operation, 1001 
newer developments, 1017 
packaging, 1010 
particle-size distribution, 1015 
powder, 1012 
propellants, 1006 
propellants, alternative, 1008 
solution, 1011 
suspensions, 1012 

topicals, evaluation, 1014 
valves, 1009 

Aerosporin, 1654 

AErrane, 1475 

Affinity chromatography, 600, 614 

Afugan, 1735 
Agammaglobulinemia, 

X-linked, 1210 

Agar, 1073 

Agar-Agar, 1073 
Agar diffusion test, bioassay, 562 
Agency for Health Research and 

Quality, 46 
Agency for Toxic Substances and 

Disease Registry, 46 
Agenerase, 1677 

Aggregation, molecular, 702 
Agitators for emulsions, 764 
Agranulocytosis, 1129 
Air force, pharmacy, 43 
Airflow obstructive disease, 1102 
Airway obstruction, reversible, 1103 
Airways disease, reactive, 1103 

A-K Spore, 1652 

Akineton, 1418 
AK-Pentolate, 1409 
Ak-Taine, 1485 
Alachlor, 1737 
Alatrofloxacin mesylate, 1659 
Alavert, 1549 
Albendazole, 1596 
Albenza, 1596 
Albumin, normal human serum, 

1321 

Albumin-globulin ratio, 578 
Albumin human, 1321 
Albuminar, 1321 
Albuminoids, 423 
Albumins, 423 
Albutein, 1321 
Albuterol, 1382 
Alcaine, 1485 
Alcohol, 1080,1626 

absolute, 1082 
abuse, 60 
as a solvent, 221 
cetostearyl, 1078 
cetyl, 1078 
dehydrated, 1082 
denatured, 1081 
diluted, 1081 

isopropyl, 1629 
isopropyl, as a solvent, 221 
methyl, 1082 
palmityl, 1078 
rubbing, 1284, 1289 
wood, 1082 

Alcohols 
chemistry, 440 
in pharmaceuticals, 746 
properties, 222 
stability, 748 
substituted, ophthalmics, 865 

Aldactone, 1428 
Aldesleukin, 1561 
Aldol 52, 85, 1078 

Aldomet, 1351 
Aldomet Ester Hydrochloride, 1352 
Alemtuzumab, 1561 
Alendronate sodium, 1457 
Alexan, 1568 
Alfenta, 1530 
Alfentanil hydrochloride, 1530 
Algin, 1073 
Alginic acid, 1073 
Alkaline earth elements, 367 
Alkalizers, systemic, chemistry, 382 
Alkaloids 

chemistry, 430 
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cinchona, 435, 425t 
classification, 431t 
derived, 434 
ecgonine derivatives, 433t 
ergot, 436 

imidazole, 438 
miscellaneous, 437 
opium, 433t, 434, 434t 

ornithine-derived, 432 
Rauwolfia, 436 
tropane, 432 

vinca, 437 

xanthine, 437, 438t 
Alkanes, halogenated, 1474 
Alkaptonuria, 578 
Alkeran, 1579 
Allantoin, 438t, 1290 
Allegra, 1548 
Allergenic extracts, 1600 
Allergenic products, veterinary, 

1623 

Allergens, 1616 
Allergens, patch-testing, 1624, 

16241 

Allergic reactions, agents causing, 
immunology, 1213t 

Allergic reactions, immunology, 
1212 

Allergy, 1615 
diagnosis of, 1616 
hypersensitivity, delayed, tests, 

1623 

insect, 1621 

mechanisms and manifestations, 
1615t 

sensitivity tests, 1617 

treatment, 1617 

Allethrin, 1730 
Alligation alternate, 123 
Allium cepa, 2329 
Alloys, 184 
Allspice oil, 1069 
Almond oil, artificial essential, 

1064 

Almotriptan malate, 1434 
Alosetron hydrochloride, 1314 
Aloxi, 1311 

Alpha error, 128 
Alpha-1 proteinase inhibitor, 1378 
Alphagan, 1382 
Alpha-tocopherol, 1699 
Alprazolam, 1488 
Alprostadil, 1369 
Altace, 1356 
Alteplase (recombinant), 1332 
Alternagel, 1295 
Alternate hypothesis, 138 
Alternative hypothesis, 128 
Alternative medicine, 2318 
comments and criticisms, 2320t 
food phytochemical properties, 

2321t 

food properties, 2320t 
glossary, 2339 
illnesses and treatment, 2336t 
NCCAM domains, 2323 
popularity, 2319 
types, 2323 

Altretamine, 1561 
Alum, 1282 

cake, 1282 
papermaker’s, 1282 
patent, 1282 

pearl, 1282 
pickle, 1282 
powdered, 1282 

Alumen, 1282 
Alumen purificatum, 1282 
Aluminum, 1083 
Aluminum, chemistry, 369t, 370 
Aluminum acetate topical 

solution, 1282 
Aluminum carbonate gel, 

basic, 1295 
Aluminum chloride, 1282 
Aluminum chlorohydrates, 1282 

Aluminum hydroxide, colloidal, 
1295 

Aluminum hydroxide gel, 1295 
Aluminum monostearate, 1083 
Aluminum phosphide, 1733 
Aluminum sulfate, 1282 
Alupent, 1384 
Alveolar excretion, 1167 
Alzheimer’s disease, anti- 

cholinesterases for, 1396 
Alzheimer’s disease, immunology, 

1215 

Amantadine hydrochloride, 755, 
1417, 1677 

Amaryl, 1454 
Ambenonium chloride, 1394 
Amberlite IRP-88, 1092 

Ambien, 1499 
Ambulatory patient care, 2179 
Amebicides, 1667 
Amerge, 1435 

American Association of 
Pharmaceutical 
Scientists, 4 

American Medical Screening, 1276 
American Pharmacists 

Association, 4 

American Society of Consultant 
Pharmacists, 4 

American Society of 
Health-System Pharma- 
cists, 4 

Amerol, 1737 
Amerscreen, 1293 

Amicar, 1336 

Amidate, 1477 

Amifostine, 1561 
Amifur, 1629 

Amikacin sulfate, 1650 
Amikin, 1650 

Amiloride hydrochloride, 1428 
Amines, substituted, 1737 
Amino acid determination, blood, 

578 

Amino acids, 1690, 1690t 
chemistry, 421 
prominent protein, 422t 
properties, 423 

Aminoacetic acid, 1692 
Aminoaciduria, primary overflow, 

578 

Aminobenzoic acid, 1290 
Aminocaproic acid, 1336 
Aminoform, 1664 
Aminoglutethimide, 1561 
Aminoglycoside-containing combi- 

nations, 1652 

Aminoglycoside case history, phar- 
macokinetics, 1204 

Aminoglycosides, 1649, 1649t 
Aminohippurate sodium, 1274 
Aminophylline, 1372 
Aminosalicylic acid, 1314 
Amiodarone hydrochloride, 1362 
Amitriptyline hydrochloride, 1518 
Amitrole, 1737 
Amlodipine maleate, 1365 
Ammoidin, 1292 
Ammonia, chemistry, 366 
Ammonia, muriate of, 1423 
Ammonia solution, strong, 1083 

Ammonia spirit, aromatic, 1372 

Ammonia water, stronger, 1083 

Ammonium chloride, 1423 
Ammonium compounds 

chemistry, 366 
quaternary, ophthalmics, 864 
quaternary, stability, 749 

Ammonium hydroxide solution, 
stronger, 1083 

Amobarbital, 1493 
Amobarbital sodium, 1493 
Amorphous precipitation, 230 
Amoxapine, 1519 

Amoxicillin, 1638 
Amphetamine sulfate, 1554 

Amphiphilic compounds, 295 
Amphojel, 1295 
Ampholytes, calculations, 243 
Amphoteric surfactants, 290 
Amphotericin B, 1670 
Ampicillin, 1638 
Ampicillin sodium, 1638 
Amprenavir, 1677 

Amrinone, 1361 

Amyl nitrite, 1358 
Amylase, 16861 
Amylobarbitone sodium, 1493 
Amytal, 1493 
Amytal sodium, 1493 
Anadrol, 1472 
Anafranil, 1519 
Analgesia, patient-controlled, 842 
Analgesic, antipyretic, and 

anti-inflammatory drugs, 
1524 

Analgesics, 1524, 1534 
categories, 1525t 

combinations, 1542 
opioid, 1525, 1528 

Analysis 
automated, 585 
blood coagulation, 571, 571t 
blood glucose, 576 
blood-bank technology, 573 
blood-volume mechanisms, 570 
drug interaction with tests, 575 
electrolytes, 583 
enzymes, 579 

erythrocytes, 565 
erythropoietic mechanisms, 570 
fecal, 591 
gastric, 593 

hematological values, 566t 
hematology, 565 
hemoglobin, 565 
immunochemistry, 595 
instrumental methods, 633 
instrumental techniques, 634 
instrumentation, 575 
leukocytes, 568 
lipids, 581 
microbiology, 594 
nonparametric methods, 128 
nonprotein nitrogen 

compounds, 577 
organ function tests, 584 
other body fluids, 594 
proteins, 578 

reference values, 586t 
reticulocytes, 570 
steroids and other hormones, 

582 

techniques, 575 
thermal methods, 661 
thrombocytes, 569 
toxicology, 592 
urine, 587 (see Urinalysis) 

Analysis of experiments, 667 
Analysis of medicinals, 495 
Analysis of variance, 128 

experimental design, 144 
multiple comparisons, 145 

Analytical balances, 496 
Analytical equipment, calibration, 

maintenance, and use, 
495, 496 

Analytical methods 
electronic records and 

signatures, 496 

information sources, 496 

instrument qualification, 495 
specialized, 496 
validation, 495 

Anaprox, 1539 

Anastrazole, 1465, 1562 
Ancef, 1643 
Ancobon, 1671 
ANDA, 968 
Androgens, major features, 1470t 
Android, 1471 
Anemia, 1128 

aplastic, 1129 
autoimmune hemolytic, 1128 
drug-induced immune hemolytic, 

1128 

folic-acid deficiency, 1128 
hemolytic, due to hexone 

monophosphate shunt de- 
fects, 1129 

pernicious, 1128 

sickle-cell, 1129 
Anemia of chronic disease, 1128 
Anemia of renal failure, 1128 
Anemias 

classification, 567 
hemolytic, 1128 
macrocytic, agents for, 1346 

Anemometer, Doppler, 298 
Anesthesin, 1483 
Anesthetics 

general, 1474 
inhalation, 1474 
injection, 1480 

intravenous, 1476 

local, 1479 
topical, 1483 

Aneurine hydrochloride, 1710 
Angiitis, hypersensitivity, 1122 
Angiotensin converting enzyme 

inhibitors, 1354 
Angiotensin II receptor antago- 

nists, 1356 

Anhydron, 1426 
Aniline violet, 1348 
Animal testing, 553 
Anionic surfactants, 290 
Anise, 1068 

Anise oil, 1064 
Anise seed, 1068 
Aniseed oil, 1064, 1068 
Anisindione, 1328 
Anistreplase, 1333 
Anorectal physiology, 877 
Ansaid, 1536 
Ansar, 1737 

Answer 1 Step, 1276 
Answer Quick & Easy, 1276 
Antacid tablets, chewable, 912, 913 
Antacids, 1295, 1297t 

chewable tablets, 1298t 
gastric, chemistry, 382 
mixtures, 1297 

suspensions, 1298t 

Antara, 1367 

Anthra-Derm, 1284 
Anthralin, 1284 
Anthraquinones, chemistry, 439 
Anthrones, chemistry, 439 
Antiadrenergics, peripheral, 1351 
Antiandrogens, 1472, 1472t 
Antianginal drugs, 1358 
Antianxiety agents and hypnotic 

drugs, 1486 
Antiarrhythmics, 1362 
Antibacterials, miscellaneous, 

1659 

Antibacterials, systemic, 1630 
Antibiotics, 1633, 1736 

aminoglycosides, 1649 
beta-lactam, 1635 
beta-lactam, combinations, 1641 
beta-lactamase inhibitors, 1649 
bioassay, 561 
classes and agents, 1635 
control, 1635 
detection and isolation of 

organisms, 1633 

fluoroquinolones, 1656, 1657t 
macrolides, 1652, 1652t 
oxazolidinones, 1660 
polypeptides, 1653 
production, 1634 
streptogramins, 1660 
tetracyclines, 1654 

Antibodies, 1324 
anticoagulant, 1615t 
anti-inflammatory, 1615t 

   



  

  

antineoplastic, 1615t 
immunoantidote, 1615t 
immunology, 1206 
immunosuppressive, 1615t 
monoclonal, 1615t 

Antibody products, other, 1614 
Anticholinergics, 1375 
Anticholinesterases, 1393 
Anticholinesterases for 

Alzheimer’s disease, 1396 
Anticoagulant antagonists, 1335 
Anticoagulant citrate dextrose 

solution, 1329 
Anticoagulant citrate phosphate 

dextrose adenine solution, 
1329 

Anticoagulant citrate phosphate 
dextrose solution, 1329 

Anticoagulant sodium citrate 
solution, 1329 

Anticoagulants, 1327 
biotechnology, 995t 
nonprothrombopenic, 1329 
oral, 1328 
prothrombopenic, 1328 

Antidepressants, 1516, 1518t 
Antidiabetic drugs, 1452, 1456 
Antidiarrheals, 1309 
Antidiuretic hormone secretion, 

inappropriate, syndrome 
of, 1123 

Antiemetics, 1310 

Antiepileptic drugs, 1501, 1508 
Antiestrogens, 1464 

Antiformin, 1630 
Antifungals, 1670, 1670t 
Antigens, diagnostic skin test, 

1624, 1624t 
Antihematopoietic drugs, 1348 
Antihemophilic factor, 1326 
Antihistamines, 1544, 1546 
Antihistaminics, 1543 
Antihypertensives, 1350 

centrally acting, 1351 
direct vasodilators, 1352 

Anti-infectives, 1595, 1626 
Anti-inflammatories, 1524, 1534 

nonsalicylate nonsteroidal, 1535 
nonsteroidal, 1534 
salicylate-like nonsteroidal, 1535 
relative potency, 875t 

Anti-inhibitor coagulant complex, 
1327 

Antilirium, 1395 
Antilogarithms, 113 
Antimalarials, 1665 
Antimigraine drugs, 1434 
Antiminth, 1597 
Antimony, chemistry, 374t 
Antimony potassium tartrate, 1596 
Antimuscarinic and antispasmodic 

drugs, 1405, 1406t 
examples and uses, 1406t 
ophthalmic, 1409 

Antimycobacterials, 1662 
Antineoplastic drugs, 1556, 1560 

chemotherapeutic intervention, 
1556 

drug classes and mechanisms, 
1558 

tumor growth and kinetics, 1556 
Antioxidants, 1058 

in pharmaceuticals, 747t 
parenterals, 804 

Antiparkinson drugs, 1417 
Antiperspirants, 1281 
Antiplatelet drugs, 1334, 1335 
Antipodes, optical, 171 
Antiprotozoals, miscellaneous, 1669 
Antipsychotics, 1509 

atypical, 1515, 1515t 
novel, 1515 
typical, 1510, 1511t 

Antipyretics, 1524, 1534 

Antisecretory drugs, acid suppres- 
sion, 1299t 

Antiseptics, activities, 1627t 

Antiseptics, systemic urinary 
tract, miscellaneous, 1664 

Antisera, heterologous, 1613t 
Antisera, immunosuppressive, 

1613t 
Antispasmodics, 1410 
Antithrombin III (human), 1326 
Antithyroid drugs, 1460 
Antitoxin, botulism monovalent 

(equine), 1613t 
Antitoxin, botulism types A, B, 

and E (equine), 1613t 
Antitoxin, diphtheria (equine), 

1613t 
Antitoxins, 1613t 

Antitussives, 1375 

Antivenin 
crotalidae polyvalent (equine), 

1613t 
Lactrodectus mactans (equine), 

1613t 
Micrurus fulvius (equine), 1613t 

Sculpturatus centruroides 
(caprine), 1613t 

Antivenins, 1613t 

Antivert, 1311 

Antiviral drugs, 1675, 1675t 
Ants, control, 1728 
Anxiolytics, nonbenzodiazepine, 

1491 
Anzatax, 1582 

Anzemat, 1310 

Aortic insufficiency, 1099 
APC tablets, 813 
Apis, 2330 

Aplisol, 1275 
Apnea programs, 1992 
Apolipoprotein E, 1241 
Apomorphine, structure, 434t 
Apothecary conversions, 114 
Apothecary measure, 103t 
Apothecary weights, 107 
Apothecary weights, set, 108 
Application of ethical principles to 

practice dilemmas, 1745 
Apraclonidine hydrochloride, 1382 
Aprepitant, 1310 
Apresoline, 1352 
Aquatag, 1426 
Arabitin, 1568 
Arachis oil, 1072 
Aracytin, 1568 

Aracytine, 1568 

Aralast, 1378 
Aralen phosphate, 1666 
Aramine, 1381 

Arcsine transformation, 160 
Ardeparin, 1330 
Arfonad, 1354 
Argenti nitras, 1287 

Arginine hydrochloride, 1270, 1690 
Argon, chemistry, 365t 
Argon plasma, direct-current, 654 
Argon plasma, inductively coupled, 

654 
Aricept, 1396 

Arimidex, 1465, 1562 
Aripiprazole, 1515 
Aristocort, 1448 

Arixtra, 1330, 1333 
Arm-a-Med, 1383 
Army, pharmacy, 42 
Arnica montana, 2329 

Aromaatase inhibitors, 1464 
Aromasin, 1465, 1572 

Aromatherapy, 2324 
Aromatic elixir, 1071 
Arrhenius equation, 341t 
Arrhenius relationship, 155 
Arrhenius theory, 234 
Arsenic, chemistry, 374t 
Arsenic trioxide, 1562 
Arsenicals, 1730 
Arsenicals, organic, 1736 
Arsenicum album, 2330 

Arsonate liquid, 1737 
Artane, 1421 

Arteritis, giant-cell, 1122 
Arthritis, crystal-induced, 1120 
Arthritis, rheumatoid, 1119, 1212 
Artificial atmospheres, chemistry, 

384 
Asacol, 1314 
Ascenia Breeze, 1275 

Ascorbic acid, 1700 
Ascorbic acid USP tablets, 912, 913 
Asendin, 1519 
Aseptic processing 

advanced, 800 
home infusion, 2290 

administration, 2302 
compounding devices, 2294, 

2295t 
compounding facilities, 2292 
distinctives, 2291 
final product release testing, 

2298 
labeling, 2299 
packaging and shipping, 2300 
personnel, 2296 
quality control, 2297 
shipping package design, 

2301t 
storage, home, 2301 
storage, pharmacy, 2300 
training, 2297 
training content, 2302 

Asparaginase, 1562 
Aspirin, 1535 

Aspiroles, 1358 
Assays 

acid-base reactions, 501 
biological, 553 (see Bioassays) 
botanicals, 511 
color developing reagents, 502t 
complexation reactions, 506 

compounded preparations, 511 
gravimetric methods, 507 
index for official drugs, 515t 
indicator solutions, 499 
indicators, 499, 502t 
indicators for endpoints, 499 
miscellaneous methods, 509 
nonaqueous titration systems, 

506t 
nutritional supplements, 511 
official, classification, 513t 
official chemical, 498 
official physical, 498 
precipitation reactions, 503 
preparation of solutions, 498 
reaction capacity values for 

reagents, 498t 

redox reactions, 503 
spectrometric methods, 507 
techniques, 502t 
titer values, 499t 
titrimetric methods, 499 
titrimetric procedures, 501 

Assure, 1275 

Astatine, chemistry, 377t, 379 
Astemizole, 1546 
Asthma, bronchial, 1103 
Asthma drugs, inhaled, 1375 
Astringents, 1281 

Astringents, chemistry, 383 
Atabrine hydrochloride, 1667 
Atacand, 1356 
Atarax, 1491 
Atazanavir sulfite, 1677 
Atenolol, 1401 
Atgam, 1578, 1591 
ATGAM, 1613t 
Atherosclerosis, 1095 
Ativan, 1490 

Atmospheres, artificial, chemistry, 
384 

Atmospheric pressure chemical 
ionization, 637 

Atomic absorption, 653 
Atomic number, 162 

INDEX 2365 

Atomic refractions, 168t 
Atomic structure, 162 

Bohr’s theory, 163 
modern model, 163 

Atomic theory, Dalton’s, 162 
Atomic weight, 162 
Atoms, configuration, 172 
Atopy, 1616 
Atorvastatin calcium, 1368 
Atovaquone, 1669 

Atpeg, 1079 
Atracurium besylate, 1412 
Atrazine, 1737 

Atropa belladonna, 2330 
Atropine, structure, 432t 

Atropine and related alkaloids, 
432t 

Atropine sulfate, 1408 
Atrovent, 1408 

Attenuvax, 1602t 

Aufbrau principle of quantum 
theory, 361 

Augmentum, 1649 

Autoclaves 
air over steam, 784 

counter pressure, 786t 

counterpressure methods, 783 
saturated steam, 781 
superheated water spray, 784 

Autoimmune disorders, 1212 
Automation, 1753 

role of, 1758 
patient safety, 1758 
systems approach, 1760 

Autoplex, 1327 
Autoprotolysis, 238 
Avandamet, 1456 
Avandia, 1455 
Avapro, 1357 
Avastin, 1563 

Avelox, 1658 
Aventyl, 1521 
Average, 129 

Avitene, 1337 

Avitrol, 1733 

Avodart, 1473 
Avoirdupois weights, common, 

102t, 107 

Axert, 1434 

Axid, 1299 

Ayfivin, 1653 
Ayurvedic medicine, 2325 
Azacitidine, 1563 
Azactam, 1648 
Azatadine maleate, 1546 
Azathioprine, 1563, 1588 
Azelastine hydrochloride, 1546 
Azithromycin, 1652 
Azlocillin sodium, 1638 
AZO Test Strips, 1276 

AZT, 1684 
Aztreonam, 1648 

Azulfidine, 1633 

Bacampicillin hydrochloride, 
1638 

Bacitracin, 1653 
Baclofen, 1415 
Bacteria, control, 1734 
Bacterial endotoxin test, bioassay, 

562 

Bactocill, 1640 
Bactrim, 1632 

Baking soda, 1297, 1340 
BAL in Oil, 1343 
Balan, 1737 
Balances 

analytical, 496 
compound-lever, 105 
construction, 104 

electronic, 106 
laboratory, 105 
minimal weighing quantity, 108 
prescription, 106 
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protection, 107 

requirements, 106 

single-beam equal-arm, 104 
testing, 106 

torsion, 105 

Troemner, 105 

unequal-arm, 105 
Balsalazide disodium, 1314 
Balsam de maltha, 1280 
Balsam of the holy victorious 

knight, 1280 
Balsamum catholicum, 1280 
Balsamum commendatoris, 1280 
Balsamum equities sancti victoris, 

1280 

Balsamum friari, 1280 
Balsamum persicum, 1280 
Balsamum suecium, 1280 
Balsamum traumaticum, 1280 

Balsamum vervaini, 1280 
Balsamum vulnerarium, 1280 
Bandage, adhesive, 1973 
Bandage, gauze, 1973 
Bar chart, 130 
Barbiturate combinations, 1495 
Barbiturates, 1476, 1492 
Barbiturates, salting-out constants, 

2351 

Barium, chemistry, 367t, 368 
Barium sulfate, 1263 
Barrier technology, parenterals, 

816 

Barytes, artificial, 1263 
Barytes, synthetic, 1263 
Base catalysis, specific, 274 
Bases, 235 

chemistry, 381, 391 
conjugate, 391 
differentiating solvent, 236 
ionization, 236 

Lewis, 190t 

strong, as “buffers,” 246 
strong, calculations, 242 
weak, calculations, 242, 243 
weak, salts of, calculations, 244 

Basic pharmacokinetics and phar- 
macodynamics, 1171 

Basicap, 1736 

Basiliximab, 1218, 1594 
Basophils, 569 
Bathroom safety aids, 1986 
Bay oil, 1069 
Baycol, 1368 
BayGam, 1613t 
BayHep B, 1613t 
BayRab, 1613t 
BayRho-D, 1613 
BayTet, 1613t 

BCG live (intravesical), 1563 
BCG vaccine, 1563 
Bear-berry, 1306 
Beclomethasone dipropionate, 1446 
Beclovent, 1446 
Beconase, 1446 

Becquerel units, 484t 
Bedbugs, control, 1728 
Bedfast patient, accessories for, 

1989 

Bedpans, 1989 
Beds, hospital, 1987 
Beer’s law, 647 
Beetles, carpet, control, 1729 
Behavioral determinants, 1762 
Behrens-Fisher test, 139 
Belladonna, 1408 
Benadryl hydrochloride, 1545, 1548 
Benazepril hydrochloride, 1355 
Bendroflumethiazide, 1426 
Benefin, 1737 
Benemid, 1431 
Benfluralin, 1737 
Benicar, 1357 

Benne oil, 1072 
Benomyl, 1735 
Benoquin, 1292 

Bensulide, 1738 

Bensumec, 1738 

Bentiromide, 1272 
Bentonite, 1073 

Bentonite as an emulsifying agent, 
331 

Bentonite magma, 1073 

Benzaldehyde, 1064 
Benzalkonium chloride, 1626 
Benzedrex, 1387 
Benzene, 166 

Benzethonium chloride, 1627 
Benzhexol hydrochloride, 1421 
Benzocaine, 1483 

Benzodiazepam combinations, 
1491 

Benzodiazepine antagonist, 1499 
Benzodiazepine anxiolytics, 1488t 
Benzodiazepines, 1487 
Benzoe, 1280 

Benzoic acid, 1627 
Benzoin, 1280 

Benzoin tincture, compound, 1280 

Benzonatate, 1375 

Benzothiadiazine, 1425 
Benzoyl peroxide, 1288 
Benzphetamine hydrochloride, 

1554 

Benzthiazide, 1426 
Benztropine, structure, 432t 

Benztropine mesylate, 1418 
Benztropine methanesulfonate, 

1418 

Benzyl alcohol, 1627 
Benzylpenicillin potassium, 1640 
Benzylpenicilloyl polylysine, 1274 
Bepridil hydrochloride, 1365 
Beractant, 1378 

Berotec, 1383 

Beryllium, chemistry, 367, 367t 
Beta error and power, 138 
Betas-adrenergic agonists, inhaled, 

1372t 

Betagan Liquifilm, 1402 
Beta-hypophamine, 1442 
Betaine, 1713 

Beta-lactam antibiotic combina- 
tions, 1641 

Beta-lactam antibiotics, 1635 
Beta-lactamase inhibitors, 1649 
Betamethasone, 1446 
Betapace, 1403 

Betaxolol hydrochloride, 1401 
Bethanechol chloride, 1302, 1390 
Betoptic, 1401 

Betula oil, 1065 
Bevacizumab, 1563 
Bexarotene, 1564 

Bextra, 1541 

Bias, 130 

Biaxin, 1653 

Bicalutamide, 1564 
Bichloroacetic acid, 1286 
Bicillin, 1640 
BiCNU, 1566 
Biguanides, 1452 
Bile acids, 1303 
Biliary excretion, 1166 
Biltricide, 1597 
Binders, effect on dissolution, 677 
Binders, tablet, 891 
Binding constants, 194 
Bingham bodies, 343 
Binomial distribution, normal 

approximation to, 136 
Binomial probabilities, 135t 
Bioadhesives, drug delivery, 

957, 960 

Bioassays 
agar diffusion test, 562 
animal, 553, 554 
antibiotics, 561 
bacterial endotoxin test, 562 
biological safety tests, 563 
calcium pantothenate, 561 
chorionic gonadotropin, 559 
classification, 554 

corticotropin, 558 

cylinder plate method, 561 
depressor substances test, 562 
dexpanthenol, 561 
digitaloid drugs, 554 
direct contact test, 562 
disadvantages, 554 
elution test, 562 
glucagon, 555 
heparin, 559 
implantation test, 563 
insulin, 555 
intracutaneous test, 563 

microbial, 560 
niacin, 560 

niacinamide, 560 
oxytocin, 558 

parathyroid, 558 
posterior pituitary, 558 
procedure summary, 556t 
procedures, 553 
protamine sulfate, 559 
pyrogen test, 562 
reactivity tests, in vitro, 562 

reactivity tests, in vivo, 562 

reference standards, 553 
systemic injection test, 562 
test procedures, summary, 563t 

tests, 562 

turbidimetric, 561 
vasopressin, 558 

vitamin By, activity, 561 

vitamins, 559, 560 

Bioavailability, general concepts, 
1037 

Bioavailability and biocequivalency 
testing, 1037 

Bioavailability from coarse 
dispersions, 336 

Biochemistry, research, 91 
BioCox, 1275 

Bioequivalence 
assessment and data evaluation, 

1041 
AUC, 1042t 
average, 1043 

criteria, 1043 

data evaluation, 1040 
FDA high-fat test meal, 1043t 
federal studies, 1043 
general concepts, 1037 
individual, and population, 1044 
methods for determining, 1038 
minimizing the need for studies, 

1038 
study design, 1044 
testing, 1037, 1040 
therapeutic evaluations, 1037 

Bioisosterism, 471 

Biological half-life, drug delivery, 
944 

Biological test procedures, 
summary, 563t 

Biological testing, 553 (see 
Bioassays) 

Biological tests, 562 
Biologicals, 1601t 
Biologics, characteristics, 1600 
Biology, cell, research, 91 
Biology, molecular, research, 91 
Biorheology, 349 
BIOSIS Previews, 66 
Biotax, 1582 

Biotechnology, 976 
background, 976 
glossary, 997t 
guide to understanding, 995t 
hairy root cultures, 986t 
manufacturing applications, 

988 
medicines approved and in 

development, 990t 
milestones, 977t 
moral and ethical questions, 988 
organic synthesis applications, 

988 

pharmacognostical applications, 
985 

pharmacological applications, 
987 

QA and QC, 1020 
unique challenges, 983 

Biotechnology and drugs, 976 
Biotechnology drugs, 978 
Biotechnology products, drug 

delivery, 958 
Biotin, 1702 

Biotransformation, 1160 
Biotransformations, 1163, 1164 
Biperiden hydrochloride, 1418 
Biphosphonates, 1457, 1458t 
Bipyridyliums, 1738 
Birch oil, sweet, 1065 
Bisacodyl, 1306 
Biscumarol, 1328 
Bishydroxycoumarin, 1328 
Bismuth, chemistry, 374t 
Bismuth nitrate, basic, 1083 
Bismuth oxynitrate, 1083 
Bismuth paint, 1083 
Bismuth subcarbonate, 1282 
Bismuth subnitrate, 1083 
Bismuth subsalicylate, 1296 
Bismuthyl nitrate, 1083 
Bisoprolol fumarate, 1401 
Bithionol, 1596 
Bitolterol, 1372 
Bitolterol mesylate, 1383 
Bitter bark, 1306 
Bitter salts, 1307 
Bitumen, sulfonated, 1285 
Black balsam, 1285 
Bleaching powder, 1735 
Blenoxane, 1564 
Bleomycin sulfate, 1564 
Blocadren, 1403 
Blood 

collecting, processing, and 
storing, 573 

collection and preparation for 
analysis, 576 

compatibility testing, 575 
components, 1318, 1319 

drug-related problems, 575 
evaluating transfusion reactions, 

575 
fluids, electrolytes, and 

hematological drugs, 1318 
hepatitis testing, 575 
issuing, 575 

miscellaneous drugs affecting, 
1348 

RH-HR system, 574 

whole, 1318, 1319 
Blood-bank technology, analysis, 

573 
Blood-clotting proteins, 1325 
Blood-glucose monitors, 1999 
Blood-group factors, 1324t 
Blood-group systems, 574t 
Blood-grouping serum, anti-A, 1325 
Blood-grouping serum, anti-B, 1325 
Blood-grouping serums, 1324, 

1325t 
Blood-grouping serums, anti-Rh, 

1325 
Blood-pressure monitors, 1998 
Blood-typing serums, 1324 
Blood-volume mechanisms, 

analysis, 570 
Blood cells 
human red, 1320 
red, leukocytes removed, 1320 
red, saline washed, 1320 

Blood coagulation 
agents affecting, 1325 
analysis, 571 

Blood coagulation factors, 571t 
Blood donor, receiving and 

examining 
Blood dyscrasias, 1129 
Blood glucose, analysis, 576 

   



  

  

Blood glucose monitors, 1275 
Blood group classification, ABO, 

573 

Blood Grouping Serums, Anti-D, 
Anti-C, Anti-E, 1325 

Blood lactate/pyruvate ratio, 577 
Blood lipids, drugs affecting, 1366 
Blood plasma expanders, 1321 
Blood plasma extenders, 1322 
Blood plasma volume expanders, 

1322 

Blood substitutes, 349 
Blood testing, 1275, 1276 
Bodywork, 2332 
Bohr’s theory of atomic structure, 

163 

Boiling-point elevation, 225 
Bombardment, fast-atom, 636 
Bond 

covalent energy, 167t 
ionic, 168 

partial ionic, 168 
Bond complexes, aromatic sigma, 

170 

Bond's law, 703 
Bonding 

charge-transfer, 191 
hydrogen, 191 
theories of coordinate, 188 

Bonds 
carbon-carbon, 164 
carbon-heteroatom, 167 
coordinate covalent, 169, 236 
covalent, 164 
electronegativities, 168t 
hybridized, 165 
hydrogen, 173 
ionic character, 168t 
molecular, 170 
noncarbon, 167 
pi, 165 
polar, 168 
sigma, 165 

Bone mineralization, agents 

affecting, 1457 
Bonine, 1311 

Boric acid, 1083, 1627 
Borneol, structure, 440 
Boron, chemistry, 369t, 370 
Bortezomib, 1565 
Bosentan, 1369 

Botran, 1735 

Bourbanal, 1064 
Bovine spongiform encephalopa- 

thy, 1449 
Bravais lattices, 659t 
Breath freshener tablets, 913 
Brethaire, 1385 
Brethine, 1385 
Bretylium tosylate, 1362 
Bretylol, 1362 
Brevibloc, 1402 
Brevital sodium, 1476 
Bricanyl, 1385 
Bridge, salt, 246 
Briggsian logarithm base, 240 
Brimonidine tartrate, 1382 
Brioschi, 1297 
Bristaxol, 1582 
British Anti-Lewisite, 1343 
British gum, 1085 
British measures, 103t 
Brodifacoum, 1734 
Bromacil, 1737 
Bromadiolone, 1734 
Bromfenac sodium, 1536 
Bromine, chemistry, 377t, 378 
Bromocriptine mesylate, 1418 
Brompheniramine maleate, 1546 
Bronchitis, chronic, 1102 
Bronchitis, predominant, and 

emphysema, 1103 
Bronchodilators, 1371 
Bronkephrine, 1386 
Bronkometer, 1383 
Bronkosol, 1383 

Bronsted amphitropic substance, 
236 

Bronsted theory of acids and 
bases, 391 

Buccal administration, 1157 
Bucrylate, 1091 
Budesonide, 1446 
Buffer, for stabilization, 278 
Buffer capacity, calculations, 245 
Buffers 

calculations, 244 
chemistry, 381, 382 
ophthalmics, 862 
parenterals, 804 
solubility, 229 
systemic, 1337 

Bumetanide, 1429 
Bumex, 1429 

Buminate, 1321 

Bupivacaine hydrochloride, 1481 
Buprenex, 1530 

Buprenorphine hydrochloride, 
1530 

Buprenorphine sublingual, 2315 
Bupropion hydrochloride, 1519 
Bupropion SR, 2311t 
Burow’s solution, 1282 
BuSpar, 1491 
Buspirone hydrochloride, 1491 
Busulfan, 1565 
Butabarbital, aspirin and caffeine, 

1495 
Butabarbital sodium, 1494 
Butalbital, acetaminophen and 

caffeine, 1495 
Butazolidin, 1539 
Butenafine hydrochloride, 1673 
Butisol sodium, 1494 
Butorphanol tartrate, 1530 
Butylparaben, 1627 

Cc 

Cacao butter, 1085 
Cacao syrup, 1070 
Cachets, 925 
Cacodylic acid, 1736 
Cade oil, 1285 
Cadmium, chemistry, 366t, 368 
Cafecit, 1553 
Cafergot, 1434 
Caffeine, 1551 

citrated, 1553 
structure, 438t 

Caffeine and sodium benzoate 
injection, 1553 

Cahn-Ingold-Prelog system, 171 
Cahn-Robinson sequence, 434 
Cajeputol, 1069 
Calamine, 772, 1283 

artificial, 1283 
prepared, 1283 

Calan, 1366 
Calcibind, 1342 
Calcifediol, 1698 
Calciferol, 1697 
Calcijex, 1458 
Calcimar, 1456 
Calcitonin, 1456 
Calcitriol, 1458, 1698 
Calcium, chemistry, 367t, 368 
Calcium alginate dressings, 1969 
Calcium carbonate, 1296 
Calcium channel blockers, 1364 
Calcium chloride, 1337 
Calcium citrate, 1337 
Calcium Disodium Versenate, 

1343 

Calcium glubionate, 1338 
Calcium gluceptate, 1338 
Calcium gluconate, 1338 
Calcium glycerophosphate, 1338 
Calcium hydrate, 1084 
Calcium hydroxide, 1084 
Calcium hypochlorite, 1735 
Calcium lactate, 1338 

Calcium levulinate, 1338 
Calcium metabolism disorders, 

1126 

Calcium pantothenate, 561, 1707 
Calcium phosphate, dibasic, 1338 
Calcium phosphate, tribasic, 1339 
Calcium polysulfides, 1730 
Calcium stearate, 1084 
Calcium sulfate, 1084 
Calcium sulfosuccinate, dioctyl, 

1308 

Calcium tetrachloride, 1084 
Calculations 

answers to problems, 125 
dosage, 116 
freezing-point, 257 
pharmaceutical, 99, 111 
problem-solving methodology, 

116 

Calfactant, 1378 
Calomel electrode, 247 
Calorimetry, differential scanning, 

662 

Calphosan, 1338 
CamPath, 1561 
Camphor, 1284 

gum, 1284 

laurel, 1284 
peppermint, 1285 

Camptosar, 1577 
Canasa, 1314 

Cancer 
colon, 1109 
gastric, 1107 

immunology, 1216 
Cancidas, 1671 
Candesrtan cilexetil, 1356 
Candida albicans skin test 

antigen, 1275 

Candin, 1275 
Canes, 1982 
Cantharidin, 1284 
Capecitabine, 1565 
Capillarity, 284 
Capillary fragility test, 572 
Capoten, 1355 
Capsicum, 1285 

Capsules, 918 
extemporaneous methods, 920 
fill chart, 921t 
gelatin, stability, 1027 
hard gelatin, 919 
machine filling methods, 920 
microencapsulation, 924 
plate process, 923 
rotary die process, 923 
soft elastic, 923 
uniformity, 922 

Captan, 1735, 1738 
Captopril, 1355 
Carabamazepine, 1503 
Carafate, 1302 
Carbachol, 1391 
Carbamates, 1737 
Carbapenems, 1643t, 1647 
Carbaryl, 1732 
Carbasus absorbens, 1973 
Carbenicillin disodium, 1639 
Carbetapentane tannate, 1376 
Carbidopa, 1418 
Carbinoxamine maleate, 1547 
Carbocaine, 1482 
Carbohydrates, 1692 

chemistry, 412 
composition, 412 

occurrence and uses, 419 
structure, 412 

Carbolic acid, 1087, 1088 
Carbomer, 1073 
Carbomer gel, 772 
Carbon 

chemistry, 371, 371t 
tetrahedral configuration, 165 
uniqueness, 164 

Carbon-carbon bonds, 164 
Carbon-heteroatom bonds, 167 

INDEX 2367 

Carbon dioxide absorbers, chem- 
istry, 384 

Carbon disulfide, 1733 
Carbonic anhydrase inhibitors, 

1425 

Carboplatin, 1566 
Carboprost tromethamine, 1432 
Carbose-D, 1073 
Carbowaxes, 1079 
Carboxymethocel S, 1073 
Carboxymethylcellulose sodium, 

1073 

Cardamom fruit, 1064 
Cardamom seed, 1064 
Cardamom, Ceylon or Malabar, 

1064 

Cardene, 1366 
Cardiaquin, 1364 
Cardilate, 1359 
Cardio-Green, 1270 
Cardiovascular drug, 1350 
Cardiovascular drugs, special-use, 

1369 

Cardizem, 1365 
Cardura, 1400 
Careers, 3 
Cargile membrane, 1976 
Carisoprodol, 1415 
Carisprodate, 1415 
Carmustine, 1566 

Carnauba wax, 1084 
Carnot cycle, 204 
Carotenoids, 1717 
Carrageenan, 1073 
Carteolol hydrochloride, 1402 
CartiaXT, 1365 

Cartrol, 1402 
Carvacrol, structure, 440 
Carvedilol, 1402 
Carvone, structure, 440 

Casanthranol, 1306 
Cascara sagrada, 1306 
Casodex, 1564 
Casoron, 1738 
Caspofungin acetate, 1671 
Cassia, Saigon, 1064 
Casson model, 348 
Castor oil, 1306 
Catalysis, 

acid, specific, 272 
base, specific, 272 
enzyme, 274 

Cataplasms, 886 
Catapres, 1351 
Catgut, surgical, 1978 
Cation-complexing agents, 1342 
Cationic surfactants, 290 
Caustics, 1286 

Cavity model, 192 
CCNU, 1578 

CDP Plus, 1491 
Ceclor, 1643 
Cedax, 1646 
CeeNU, 1578 
Cefaclor, 1643 
Cefadyl, 1647 
Cefamandole nafate, 1643 
Cefazolin sodium, 1643 
Cefdinir, 1644 
Cefepime hydrochloride, 1644 
Cefixime, 1644 
Cefizox, 1646 
Cefmetazole sodium, 1644 
Cefobid, 1644 
Cefonicid sodium, 1644 
Cefoperazone sodium, 1644 
Cefotan, 1645 
Cefotaxime sodium, 1645 
Cefotetan disodium, 1645 
Cefoxitin sodium, 1645 
Cefpodoxime proxetil, 1645 
Cefprozil, 1645 
Cefradroxil, 1645 
Ceftazidime, 1646 
Ceftibuten, 1646 
Ceftizoxime sodium, 1646 
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Ceftriaxone sodium, 1646 
Cefuroxime sodium, 1646 
Cefzil, 1645 
Cekiuron, 1737 
Celebrex, 1541 
Celecoxib, 1541 
Celestone, 1446 
Celexa, 1519 
Cell constant, 232 
CellCept (base), 1592 
CellCept IV (hydrochloride), 1592 
Cellosize, 1074 
Cells, encapsulated, drug delivery, 

962 

Cells, immunology, 1208 
Cellulose 

absorbable, 1973 
hydroxyethyl, 1074 
hydroxypropyl, 1074,1280 
microcrystalline, 1084 
microcrystalline, and 

carboxymethylcellulose 
sodium, 
co-processed, 1085 

oxidized, 1973 

powdered, 1074, 1278 
Cellulose acetate phthalate, 1084 
Cellulose derivatives, 305 
Cellulose gum, 1073 
Cellulose sodium phosphate, 1342 
Cellulosic acid, 1973 
Cellulosic packaging, 1053 
Cellulosic solutions, tablets, 892 
Celontin, 1505 
Centers for Disease Control and 

Prevention, 46 

Centocor, 1332 

Central Limit Theorem, 135t 
Central nervous system infection, 

1139 

Central nervous system stimu- 
lants, 1551 

Centrifugation, 693 
Centrifuge, bottle, 693 
Centrifuge, ultra-, 694 
Centrifuges, sedimentation, 693 
Cephalexin, 1647 
Cephalosporins, 1641, 1642t 
Cephalothin sodium, 1647 
Cephapirin sodium, 1647 
Cephradine, 1647 
Cerebrospinal fluid, drug entry, 

1156t 

Cerebrospinal fluid, rheology, 352 
Cerelose, 1085 
Ceresin, 1092 
Cerivastatin sodium, 1368 
Cerosin, 1092 
Cerubidine, 1569 
Cervidil, 1432 
Cesium, chemistry, 365t, 366 
Cetirizine hydrochloride, 1547 
Cetuximab, 1566 
Cetyl esters wax, 1077 
Cevalin, 1701 
Cevimeline hydrochloride, 1391 
Chalk, French, 1091 
Charcoal, activated, 1313 
Charcoal, medicinal, 1313 
Charcoal Plus DS, 1313 
Charge-transfer acceptors and 

donors, 192t 
Charge-transfer bonding, 191 
Charge-transfer complexes, 170 
Chavichol, structure, 440 
Chelate, 186 
Chelates, 169 
Chelating agents in 

pharmaceuticals, 747t 
Chemet, 1344 
Chemical Abstracts, 66 
Chemical kinetics, 266 

(see Kinetics) 
Chemical modification, drug 

delivery, 959 
Chemical reactions, basis, 361 

Chemical reactivity, 196 
Chemistry, descriptive 

coordination, 186 
Chemistry, group VI-B elements, 

377 
Chemistry, host-guest, 193 
Chemistry, inorganic, 361 

acids, 381 
bases, 381 
basis of reactions, 361 
buffers, 381 
electrolytes, 382 
essential trace elements, 382 
group 0 elements, 364, 365t 
group I elements, 365 
group I-A elements, 365, 365t 
group I-B elements, 366 
group 11-A elements, 367, 367t 
group II-B elements, 368 
group III elements, 369 
group III-A elements, 369t, 370 
group III-B elements, 371 
group III-B transition 

elements, 369t 
group IV elements, 371 
group I'V-A elements, 371, 371t 
group IV-B elements, 373 
group IV-B transition elements, 

369t 
group V elements, 374 
group V-A elements, 374 
group V-B elements, 375 
group V-B transition elements, 

375t 
group VI elements, 375 
group VI-A elements, 375, 376t 
group VI-B transition elements, 

375t 
group VII elements, 377 
group VII-A elements, 377 
group VII-A elements, 377t 
group VII-B elements, 379 
group VII-B transition 

elements, 378t 
group VIII elements, 379 
group VIII elements, first triad, 

380 
group VIII transition elements, 

first triad, 378t 
halogenoids, 379 
miscellaneous applications, 384 
nomenclature, 362 
pseudohalogens, 379 
structural repairs, 385 
topical agents, 383 
transition elements, 369 
water, 380 

Chemistry, organic 
acids, 391 
bases, 391 
chemical classifications, 389 
groups, 388, 403t 
heterocycles, 390, 405t 
literature, 389 
nomenclature, 386 
notation brevity, 388t 
notation systems, 388 

pharmaceuticals, 389 
pharmacological classifications, 

389 
pH control, 382 
physical, research, 93 
prefixes, 401t 
radicals, 388, 403t 
research, 90 
suffixes, 402t 
types of compounds, 386, 396t 

Chem-Neb, 1735 
Cherry, black, leaf, 1408 
Cherry, wild, 1069 
Cherry bark, wild black, 1069 
Cherry syrup, 1070 
Cherry syrup, wild, 1071 
Chewing gum, medicated, 925 
Chewing gum, medicated, formula, 

926t 

Chibroxin, 1658 
Chiggers, control, 1728 
Chimichlor, 1737 
China clay, 1313 
Chiral chromatography, 620 
Chiral derivatizing agent, 620 
Chiral stationary phase, 621 
Chiropractic, 2325 
Chi-square table, 142t 
Chi-square test, 128, 142 
Chittem, 1306 
Chloral, 1497 
Chloral hydrate, 1497 
Chlorambucil, 1566 
Chloramphenicol, 1659 
Chlorazine, 1312 
Chlorbutanol, 1059 
Chlorbutol, 1059 
Chlordiazepoxide, 1489 
Chlordiazepoxide hydrochloride 

with clidinium bromide, 
1491 

Chlordiazepoxide with 
amitryptlyine hydrochlo- 
ride, 1491 

Chloretone, 1059 
Chlorhexidine gluconate, 1627 
Chlorine, chemistry, 377t, 378 
Chlorine dioxide sterilization, 792 
Chlorobutanol, 1059, 1484 
Chlorofluorocarbon propellants, 

1006 
Chloroform, 1085 
Chloromycetin, 1659 
Chloroneb, 1735 
Chloropicrin, 1733 
Chloroprocaine hydrochloride, 

1481 
Chloroquine phosphate, 1666 
Chlorothiazide, 1426 
Chlorphenacinone, 1734 
Chlorphenesin carbamate, 1416 
Chlorpheniramine maleate, 1545 
Chlorpheniramine tannate, 1545 
Chlorpromazine hydrochloride, 

1511 
Chlorpropamide, 1453 
Chlorthalidone, 1426 
Chlor-Trimeton, 1545 
Chlorzoxazone, 1416 
Chocolate syrup, 1070 
Chocolate-flavored syrup, 1070 
Cholac, 1316 
Cholecalciferol, 1697 
Cholelithiasis, 1112 
Cholesterol, 1074 
Cholesterol as an emulsifying 

agent, 331 

Cholesterol testing, 1275 
CholesTrak, 1275 
Cholestyramine resin, 1367 
Choline, 1703 
Choline bitartrate, 1703 
Choline chloride, 1703 
Choline dihydrogen citrate, 1703 
Cholinesterase reactivators, 1397 
Cholinomimetic drugs, 1389 
Cholinomimetics, 1389 
Cholografin, 1264 
Cholografin meglumine, 1264 
Cholybar, 1367 
Chondrus, 1073 
Choriogonadotropin alfa, 1439 
Chromatography, 599 

adsorption, 599, 610 
affinity, 199, 600, 614 
chiral, 199, 620, 621t 
classification of methods, 599 
column, adsorbents used, 610t 
column, classic, 615 
column dimensions on 

separations, 625t 

common GC detectors, 608t 
common papers, 629t 
derivatizing agents, 628t 
displacement analysis, 601 

electro-, 630 
electro-, capillary, 600 
electrophoresis, 630 
elution analysis, 601 
evaporative light scattering 

detector, 618 
experimental factors, 615 
frontal analysis, 601 
gas, 605 

basic instrumentation, 605 
carrier gas, 606 

column design, 607 
detectors, 607 
operating conditions, 607 
qualitative analysis, 609 
special techniques, 609 
stationary phase, 606 

gel filtration, 613 
high-performance liquid, 615 

columns for different 
compound types, 623t 

commonly available columns, 
617t 

derivatization, 619 
detectors, 618t 
method development, 621 
qualitative analysis, 619 
quantitative analysis, 619 
recent developments, 619 

hydrophobic, 199 
hydrophobic interaction, 620 
instrumentation, 615 

ion, 619 

ion-exchange, 600, 612 
ion-pairing, 612 
ion-suppression, 612 
liquid, 610 
micellar electrokinetic 

(capillary), 305, 631 
microbore, 621 
molecular-sieve, 613 
paper, 628 
paper, chromatogram 

development, 629 
paper, phases, 629 
paper, sample preparation and 

application, 629 
particle physical characteristics 

on separations, 625t 

partition, 599, 611 

process, 600 

reverse-phase, 620 
size-exclusion, 600, 613 
“soap,” 612 
solvent characteristics, 611t 
supercritical fluid, 619 
techniques, 604 
techniques of column 

development, 600 
theory, 602 
thin-layer, 626 

detection methods, 628 
plate preparation, 627 
qualitative analysis, 628 
quantitative analysis, 628 
sample application and 

development, 627 
stationary and mobile phases 

used, 627t 
Chromium, 1715 
Chromoproteins, 423 
Chronic wound care, 2342 
Chronogyn, 1471 
Chymex, 1272 
Cibacalcin, 1456 
Cidex, 1628 
Cignolin, 1284 
Ciloxan, 1657 
Cimetidine, 1298 
Cinchona alkaloids, 435 (see 

Alkaloids) 
Cinchonidine, structure, 435 
Cinchonine, structure, 435 
Cineol, 1069 
Cinnamon, 1064 

Ceylon, 1069 

   



  

  

Saigon, 1064 

true, 1064 

Cinoxate, 1290 

Ciodrin, 1732 
Cipro, 1657 
Ciprofloxacin, 1657 
Cirrhosis, 1111 
Cisapride, 1302 
Cisatricurium besylate, 1413 
Cisplatin, 1567 
Citalopram hydrochloride, 1519 
Citanest, 1482 

Citracal, 1337 
Citral, structure, 440 
Citric acid, 1085 
Citronellal, structure, 440 
Citrovorum factor, 1705 
Cixivan, 1680 
Cladribine, 1567 
Claforan, 1645 
Clapeyron equation, 208 
Clarification, 697 
Clarinex, 1548 
Clarithromycin, 1653 
Claritin, 1549 
Clarity, ophthalmics, 861 
Clathrates, 194 
Clathrates, channel, 194 
Clausius inequality, 206 
Clavulanate potassium, 1649 
Clays, swelling, 372 
Clean rooms 

air cleaning, 815 
classifications, 815t 
maintenance, 817 

parenterals, 814 
Cleansing preparations, 1289 
Clear Choice, 1276 
Clearance, organ-specific, pharma- 

cokinetics, 1182 
Clearance, pharmacokinetics, 1195 
Clearblue Easy, 1276 
Clearplan Easy, 1276 
Clemastine fumarate, 1547 
Cleocin hydrochloride, 1659 
Clindamycin hydrochloride, 1659 
Clindex, 1491 
Clindibrax, 1491 
Clinical analysis, 565 

(see Analysis) 
Clinical drug literature, 74 (see 

Literature) 
Clinical pharmacokinetics and 

pharmacodynamics, 1191 
Clinical trial 

ADRs, 974 
bias control, 970 
blinding, 972 
design, 970 
determining sample size, 971t 
drug packaging, 972 
drug product blinding, 973t 
drug product design, 972 
feasibility, 972 
GCP monitoring, 974 
intervention application, 971 
intervention assignment, 971 

outcome measurement, 971 

patient treatment regimens, 
970t 

planning and design, 969 
population selection, 971 
regulations, 973 
sample size, 971 
selecting objectives, 970 
statistical analysis, 974 

Clinical trials, 76t (see Studies) 
controlled, 133 
design and conduct, 133 
Phase II dose validation for 

Phase III, 1256 
Clinoril, 1540 
Clinoxide, 1491 
Clofazimine, 1662 
Clomid, 1465 
Clomiphene citrate, 1465 

Clomipramine hydrochloride, 1519 
Clonazepam, 1503 
Clonidine, 1270 
Clonidine hydrochloride, 1351 
Clopidogrel bisulfite, 1335 
Clorazepate, 1489 
Closures, rubber, ingredients, 811t 
Closures, rubber, parenterals, 810 
Closures, stability, 1036 
Clotrimazole, 1671 
Clove, 1069 
Cloxacillin sodium, 1639 
Cloxacillin sodium monohydrate, 

1639 

Cloxapen, 1639 
Clozapine, 1515 
Clozaril, 1515 
CMC, 1073 

CNS stimulants, 1551 
CNS stimulants, classes and 

compounds, 1552t 
Coacervation, simple, 298 
Coagulation of hydrophobic 

dispersions, 302 
Coagulation values, 303t 
Coal tar, 1285 
Coalescence, rate, and emulsion 

type, 331 

Coarse dispersions, 319 (see 
Dispersions) 

Coating 
binder solution formulations, 

930t 

dusting powder formulations, 
931t 

enteric, 932 

evolution, 929 
film, problems, 933 
film, solid dosage forms, 932 
fluidized-bed, equipment, 936 
modified-release film, 932 
pharmaceutical dosage forms, 

929 

potential for totally automated, 
936 

procedures and equipment, 934 
processes, 930 

recent trends, 938 
stability testing, 937 
sugar, compressed tablets, 930 
suspension subcoating 

formulation, 931t 
sustained-release, 933 
tablets, quality control, 937 

Cobalt, 1715 
Cobalt, chemistry, 378t, 380 
Cocaine, 1484 
Cocaine hydrochloride, 1385 
Coccidiomycosis skin test antigen, 

1275 

Cockroaches, control, 1728 
Cocoa butter, 1085 
Cocoa butter, suppositories 884 
Cocoa butter, suppositories, 

density factors, 886t 
Cocoa syrup, 1070 
Coconut oil, 1281 
Cod liver oil, 1697 
Codeine, 1527 
Codeine, structure, 434t 
Codeine phosphate, 1527 
Codeine sulfate, 1528 
Coefficient, activity, 245 
Coefficients, partition, 174 
Cogentin, 1418 

Cognex, 1397 

Cohesional forces, 282 
Coinage metals, 366 
Colace, 1308 
Colation, 699 
Colazal, 1314 
Cold cream, 1078 
Colesevelam hydrochloride, 1367 
Colestid, 1367 
Colestipol hydrochloride, 1367 
Colitis, granulomatous, 1109 

Colitis, ulcerative, 1109 
Collagen, microfibrillar, 1337 
Collagenase, 1686 
Colligative properties, electrolytes, 

231 
Colligative properties, electrolyte 

solutions, 226 
Colligative properties, practical 

applications, 227 
Colligative properties of solutions, 

224 
Collodion, 1278 
Collodions, 757 
Colloid mills for emulsions, 764 
Colloid solutions, 1321 
Colloidal carriers, drug delivery, 

953 
Colloidal dispersions, 293 

(see Colloids) 
Colloids 

applications, 314 
association, 294, 295, 310 
classification, 294t 
classifications, 293 
definitions, 293 
delivery systems, 315 
diffusion, 296 
electric properties, 300 
electrokinetic phenomena, 

304 
gel formation, 298 
hydrophilic, 294 
hydrophobic, coagulation, 302 
interfaces, 293 
light scattering, 297 
liposomes, 314 
lyophilic, 294 
lyophilic dispersions, 305 
lyophobic, 294 
lyophobic dispersions, 306 
microemulsions, 313 
particle shape, 295 
particulate, 294 
particulate hydrophilic 

dispersions, 306 
phases, 293 
properties, 295 
protective, 310 

radioactive, 314 
sedimentation, 296 
sensitization, 310 

specific surface area, 293 
stabilization, 308 
systems, 293 
viscosity, 298 

Collyrium Fresh, 1381 
ColoCare, 1275 
Colon 

diseases of, 1108 
dysfunction symptoms, 1108 
polypoid lesions, 1109 

Colony stimulating factor 
biotechnology, 995t 
granulocyte-macrophage, 

1219 
Colophony, 1089 
Colorants, 1060 
Colorimetry, 246 
Coloring agents, 1060 

natural, 1060 
synthetic, 1060 
tablet, 893 

Column chromatography, classic, 
615 

Combipres, 1426 
Commander’s balsam, 1280 
Comminution, effect on specific 

surface area, 294t 
Comminution, powders, 702 

Commissioned Corps Readiness 
Force, 47 

Commodes, 1985 
Communicable disease control, 56 
Communication, patient, 1770 

Communications 
administrator, 1821 
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clinical practice guidelines and 
pathways, 1814 

drug alert notifications, 1814 
drug evaluation monographs, 

1812 
follow-up and documentation, 

1810 
formulary, 1812 
ideal slide/transparency text, 

1812t 
manuscripts for publication, 

1814 
media, 1821 
medication-use evaluations, 

1814 
newsletters, 1814 
personnel, 1817 
poster presentations, 1816 
presentations, 1811 

professional, 1808 
questions, 1809t 

research project publication, 
1815t 

SOAP note, 1810t 
telephone, 1809 
verbal; drug orders, 1810 
writing rules, 1816t 
written, 1810 

written professional, 1816 
Community pharmacy, 30, 2083 

balance sheets, 2086t 
capital, 2085 
compounding, 30 
credit, 2093 
distribution and control, 30 
economics, 2082 

establishing, 2083 
facilities, 2091 
forces of change, 31 
inventory, 2089 

management, 2082, 2087 

money, 2088 

organization, 2084 

personnel, 2092 
pharmaceutical care, 32 
records, 2096 
responsibilities, 32 
risk, 2094 
site selection, 2085 

Compendia, drug, 68 
Complement factors, immunology, 

1208 
Complex formation, 186, 229 
Complex stability, 194 
Complex stability, factors affecting, 

197 
Complex stability, measurement, 

195 
Complexation 

physical properties affected by, 
198 

reactions, assays, 506 

self-association, 193 
solubility, 229 

Complexes, 182 
aromatic sigma bond, 170 
charge-transfer, 170 
inclusion, 193 
metal-ion coordination, 186 
molecular, 190 

classification, 193t 
examples, 192 

role of the solvent, 191 
solvophobic effect, 193 
types, 186 

Complexes in pharmacy, 198 
Complexes in therapeutics, 199 
Complexing agents, for 

stabilization, 278 
Complimentary and alternative 

medical health care, 2318 
Complimentary medicine, 2318 
comments and criticisms, 2320t 
food phytochemical properties, 

2321t 
food properties, 2320t 
glossary, 2339 
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illnesses and treatment, 2336t 
NCCAM domains, 2323 
popularity, 2319 
types, 2323 

Compound 42, 1734 
Compound F, 1447 
Compound formation, 229 
Compounding 

batch feasibility, 1904 
chemical grades, 1907t 
economic considerations, 1905 

evaluating the need, 1904 
extemporaneous, 1903 

factors, 1905 
GMPs, 1909 

information sources, 1905 
job satisfaction, 1909 
pharmacist, 1904 
regulations and guidelines, 1909 
types, 1907 

Compress, adhesive absorbent, 
1973 

Compression, direct, 913 
Compression force, effect on 

dissolution, 678 
Compro, 1312 
Computer use in drug design, 477 
Computer-assisted drug design, 

177 

Computerized prescriber order 
entry, 1755 

Computers, 1753 

Comtan, 1419 
Comvax, 1602t 
Concentration, 122 
Concerta, 1554 

Condensation, 288 
Conductance 

equivalent, 232 
metallic, 231 
specific, 232 

Conductivities, ionic, 233t 
Conductivity, electrolytes, 231 
Conductivity test, 326 
Condylox, 1287 
Confidence interval, 128, 136 
Confidence interval for y and x, 

156 

Confidence intervals, one-sided, 
137 

Confidence intervals, 
unsymmetrical, 137 

Confidence limits, 137, 156 
Confidence limits and test of the 

intercept, 156 

Confidence limits and test of the 
slope, 156 

Confirm 1-step, 1276 
Conjugates, drug-polymer, 317 
Conray, 1266 

Constipation, 1108 

Contact angles, liquids, 283t 
Contact lenses, 866 

care products, 868 
information, 867t 

Contraceptives, 887 
hormonal, 1468 
male, 1469 
oral, side effects, 1469t 

Controlled release drug delivery by 
stimulation, 951 

Conversion, 114 
Conversions, apothecary, 114 
Convulsive disorders, 1116 
Cooling curve, 180 
Coombs’ antiglobulin test, 574 
Coordinate covalent bonds, 169 
Coordination number, 186 
Copolymers, cyclic olefin, 

packaging, 1052 
Copper, 1715 
Copper, chemistry, 366, 366t 
Copper 8-quinolinolate, 1735 
Copper sulfate, 1735 
Copper sulfate (pentahydrate), 

1736 

Coppertone, 1291 
Cordarone, 1362 
Coreg, 1402 

Corgard, 1402 
Coriander, 1069 
Corlopam, 1352, 1388 
Corn oil, 1071 
Corn syrup, 1086 
Coronary artery disease, 1095 
Correlation, 128, 158 
Cortef, 1447 

Corticorelin ovine trifluate, 1270 
Corticosteroids 

adrenal, major, 1443t 
for IBD 
inhaled, 1372t 
respiratory, 1371, 1373 

topical, potency ranking, 1445t 
Corticotropin, 1439 

Corticotropin, bioassay, 558 
Corvert, 1363 

Cosmegen, 1569 

Cosmetics, literature, 71 
Cosolvents, solubility, 229 
Cosurfactant, 314 
Cotazyme, 1686t 

Cotazyme-S, 1686t 
Co-Trimoxazole, 1632 
Cotton 

absorbable, 1973 
absorbent, 1973 
purified, 1973 
surgical, 1969 

Cotton effect, 172 
Cotton oil, 1072 
Cotton seed oil, 1072 
Cottonseed oil, 1072 
Couette correction, 353 

Coumadin, 1329 
Countercurrent distribution, 691 
Covalent bond energy, 167t 
Covalent bonds, 164 
Coviracil, 1678 
COX-2 inhibitors, 1540 
Cozaar, 1357 

CPD Solution, 1329 
CPDA-1 Solution, 1329 
CPD-Adenine Solution, 1329 
Cravit, 1657 

Creams, 887 

Creon, 1686t 
Crestor, 1369 

Crinone, 1468 

Critical micelle concentration, 311, 
313t 

Critical point, 179 
Crohn’s disease, 1109 
Crolom, 1547 
Cromelin Complexion Blender, 

1290 

Cromolyn sodium, 1375, 1547 
Crossover design, 133, 148 
Crotamiton, 1598 

Crotoxyphos, 1732 
Crutches, 1984 
Cryoprotectants, parenterals, 804 
Crystal field theory, 189 
Crystal systems, 659t 
Crystallization, 307 
Crystallization, powders, 702 
Crystallography, cryo-, 658 
Crystallography, x-ray, 658 
Crystals, liquid, 183 
Crystals, phases, 183 
Cumin, sweet, 1068 

Cupreine, structure, 435 

Cuprid, 1344 
Cuprimine, 1343 

Cuprous oxide, yellow, 1736 
Curosurf, 1378 
Current Good Manufacturing 

Practices, 1023 

Cutaneous biotransformation, 
877 

Cutivate, 1447 
Cyanocobalamin, 1712 

Cyclobenzaprine hydrochloride, 
1416 

Cyclogyl, 1409 
Cyclokapron, 1336 
Cyclopentolate hydrochloride, 1409 
Cyclophosphamide, 1567, 1589 
Cyclosporine, 1315, 1568, 1590 
Cyclothiazide, 1426 
Cyclotron-produced radionuclides, 

485 
Cycrin, 1467 

Cydofovir, 1678 
Cylert, 1555 
Cylinder plate method, bioassays, 

561 
Cymbalta, 1523 
Cyproheptadine hydrochloride, 

1547 
Cystamin, 1664 

Cystic fibrosis, 1105, 1108 
Cysto-Conray, 1266 
Cystogen, 1664 
Cystografin, 1263 
Cystospaz, 1408 
Cytadren, 1561 
Cytarabine, 1568, 1677 
Cytochrome 450 enzyme CYP2D6, 

1232 
Cytochrome P450 enzyme, 1232 
Cytochrome P4502C subfamily, 

1234 
Cytochrome P4503 A subfamily, 

1235 
CytoGam, 1613t 
Cytokines, effects, 1214t 
Cytokines, myeloid, immunology, 

1207 
Cytomel, 1460 
Cytosar-U, 1568 

Cytovene, 1680 

Cytoxan, 1567, 1589 

Dacarbazine, 1569 
Daclizumab, 1219, 1594, 1615t 
Dacmozen, 1569 

Dactinomycin, 1569 

Dakin’s solution, 1630 
Dalapon, 1737 
Dalfopristin, 1660 
Dalgan, 1531 
Dalmane, 1496 
Dalteparin, 1330 
Dalton’s atomic theory, 162 
Danaproid sodium 1330 
Danavir, 1681 

Danazol, 1471 
Danocrine, 1471 

Dantrium, 1413 

Dantrolene sodium, 1413 
Dapsone, 1662 

Daranide, 1424 
Daraprim, 1666 

Darenthin, 1362 
Darvon, 1533 

Darvon-N, 1533 

Data transformations, 159 
Databases, evidence-based 

medicine, 65 
Databases, online, 65 
Daunoblastin, 1569 
Daunoblastina, 1569 
Daunomycin hydrochloride, 1569 
Daunorubicin citrate liposomal, 

1570 

Daunorubicin hydrochloride, 1569 
DaunoXome, 1570 

Daxotel, 1570 
ddL, 1678 

DDS, 1662 

DDVAP, 1441 
Deadly nightshade, 2330 
Deadly nightshade leaf, 1408 
Deaggregation, effect on 

dissolution, 679 

Deborah number, dimensionless, 
345 

Debrisan, 1973 
Debye forces, 172 
Debye-Hiickel theory, 234 
Debye-Hiickel theory parameter, 

301 

Decadron, 1447 
Decantation, 699 

Decarboxylation, stability, 1031 
Declomyecin, 1655 
Decoction, 773 

Decoloration, 699 
Deet, 1733 

Deferoxamine mesylate, 1342 
Definity, 1269 
Deflocculation, 320 
Defoliants, 1738 
Degenerative joint disease, 1120 
Dehydroacetic acid, 1059 
Delavirdine mesylate, 1678 
Delocalization, 166 
Delphene, 1733 
Deltasone, 1448 
Demecarium bromide, 1394 
Demeclocycline hydrochloride, 

1655 

Dementia, 1119 

Demerol hydrochloride, 1531 
Demser, 1404 

Demulcents, 1279 
Denatonium benzoate, 1085 
Density, 110 

Density, types, 110 

Dentifrices, 718 
Deoxyribonuclease and fibrinolysin, 

1687 

Deoxyribonuclease recombinant, 
1686 

Depakene, 1508 
Depakote, 1504 
Depen, 1343 

DepoCyt, 1568 
Depo-Provera, 1467 

Deprenyl, 1421 
Depression, major, immunology, 

1215 

Depressor substances test, 

bioassay, 562 
Depyrogenation, 785 
Dermal clearance, 876 
Dermatitis, allergic contact, 1132 
Dermatitis, atopic, 1132 

Dermatologicals, miscellaneous, 
1289 

Dermatology, 1131 
Dermatomyositis, 1122 

DES, 1463 

Desferal Mesylate, 1342 
Desflurane, 1475 
Desiccants, 1738 

Desipramine hydrochloride, 
1519 

Desloratadine, 1548 
Desmopressin acetate, 1441 

Desquamating agents, 1288 
Desyrel, 1522 
Detergents as flocculating agents, 

323 

Dethdiet, 1734 
Detrol, 1409 
Development of a pharmacy care 

plan and patient problem 
solving, 2170 

Deviation, standard, 130, 136t, 
153t 

Dexamethasone, 1447 
Dexbrompheniramine maleate, 

1548 

Dexchlorpheniramine maleate, 
1548 

Dexitac, 1551 

Dexmethylphenidate 
hydrochloride, 1555 

Dexotel, 1570 
Dexpanthenol, bioassay, 561 

   



  

  

Dexrazoxane, 1570 

Dextran, 1273 

Dextran 70, 1322 

Dextran 75, 1322 

Dextranomer, 1290, 1973 

Dextrin, 1085 

Dextroamphetamine sulfate, 1554 
Dextromethorphan hydrobromide, 

1376 

Dextrose, 1085 

anhydrous, 1085 
monohydrate, 1085 

Dextrose and sodium chloride 
injection, 1324 

Dextrose injection, 1323 

Dezocine, 1531 

DFP, 1395 

DHE 45, 1432 

DHT, 1458 

DiaBeta, 1454 

Diabetes, type I, 1212 
Diabetes insipidus, 1123 
Diabetes mellitus, 1125 
Diabinese, 1453 
Diachlor, 1426 
Diagnostic drugs, 1261 (see 

Diagnostics) 
Diagnostic drugs and reagents, 1261 
Diagnostic self-care, 2206 
Diagnostics, 1261 

adrenal gland, 1270 
bronchial airway hyperactivity, 

1273 

cardiovascular, 1269 
diabetes mellitus, 1275 
endocrine, 1270, 1275 
exocrine, 1272 

gallbladder, 1271 
gastric acid test, 1272 
gastrointestinal tract, 1271 
HIV, 1276 

imaging, 1262 
immunity tests, cell-mediated, 

1274 

in vitro self-care devices, 1275 
infectious disease, 1276 
intestinal absorption, 1272 
kidney, 1274 
liver, 1272 
lymphatic, 1273 
magnetic resonance contrast, 

1267 

myasthenia gravis, 1273 
neuromuscular, 1273 
non-imaging in vivo, 1269 
ophthalmic, 1273 
ovulation, 1276 
pancreas, 1272 

pancreatic gland, 1270 
parathyroid, 1270 
pheochromocytoma, 1270 
pituitary, 1270 
pregnancy, 1276 
pulmonary, 1273 
reproductive, 1273 
skin antigen tests, 

miscellaneous, 1274 
special senses, 1273 
stomach, 1272 
thyroid, 1271 
ultrasound contrast agents, 1269 
urinary tract, 1274, 1276 

uterine cavity, 1273 

Dialysis, 197 
Diamox, 1425 

Diamox sodium, 1425 
Diarrhea, 1108 
Diarrhea, infectious, 1139 
Diastereoisomers, 171 

Diatomaceous earth, 1089 
Diatrizoate meglumine, 1263 
Diatrizoate meglumine and 

diatrizoate sodium, 1263 
Diatrizoate meglumine and 

iodipamide meglumine, 
1264 

Diatrizoate sodium, 1264 
Diatrizoate sodium and diatrizoate 

meglumine, 1263 
Diatrizoic acid, 1264 
Diazepam, 1489 

Diazepam solution, 1489 
Diazinon, 1732 

Diazoxide, 1352 
Dibenzyline hydrochloride, 1400 
Dibrom, 1732 
Dibucaine, 1484 
DIC, 1569 

Dicamba, 1738 
Dichloroacetic acid, 1286 
Dichlorobenil, 1738 
Dichlorodifluoromethane, 1086 
Dichlorotetrafluoroethane, 1086 
Dichlorphenamide, 1424 
Dichroism, circular, 172 
Diclofenac sodium, 1536 
Dicloxacillin sodium, 1639 
Dicumarol, 1328 
Didanosine, 1678 
Didronel, 1458 
Die swell effect, 346 
Dielectric constant, 221 
Dielectric constant of solvent, 275 
Diet, chemically defined elemental, 

250 

Diethylcarbamazine citrate, 1596 
Diethylpropion, 1554 
Diethylstilbestrol, 1463 
Diethyltoluamide, 1733 
Differential thermal analysis, 229 
Diffusion, colloids, 296 
Diffusion-controlled implants, 

drug delivery, 947 
Diffusion coefficient, 296 
Diffusion phenomena, 700 
Diffusion products, matrix, drug 

delivery, 947t 
Diffusion products, reservoir, drug 

delivery, 946t 
Diffusion systems, drug delivery, 

946 

Diffusivity, drug delivery, 942 
Diflucan, 1671 
Diflunisal, 1536 
Digallic acid, 1283 
Digestants, 1303 

Digestion, 773 

Digestive aids, 1687 
Digibind, 1361, 1615t 

Digidote, 1615t 
Digitalis, 1360 
Digitaloid drugs, bioassays, 554 
Digitek, 1361 
Digitonides, 429 
Digitoxin, 1360 

Digoxin, 1361 

Digoxin case history, 
pharmacokinetics, 1203 

Digoxin immune FAB (ovine), 

1361, 1615t 

Dihydrocodeinone bitartrate, 1528 
Dihydroergotamine mesylate, 1432 
Dihydromorphinone hydrochloride, 

1528 

Dihydropyrimidine dehydrogenase, 
1235 

Dihydroxyacetone, 1290 
Dihydroxyaluminum sodium 

carbonate, 1296 
Dilacor XR, 1365 
Dilantin sodium, 1506 
Dilatancy, 343 
Dilatrate-SR, 1359 
Dilaudid hydrochloride, 1528 
Dilor, 1373 
Diltiazem hydrochloride, 1365 
Diluents, effect on dissolution, 677 
Diluents, tablet, 891 
Diluting agents, 1060, 1069 
Dilution, 122 
Dilution test, 326 
Dimenhydrinate, 1310, 1548 

Dimensional analysis, 116 
Dimercaprol, 1343 
Dimetapp, 1546 
Dimethicone, 1278 
Dimethyl ketone, 1080 
Dinoprostone, 1432 

Diovan, 1357 

Dioxyanthranol, 1284 
Dioxybenzone, 1290 
Dipentum, 1314 

Diphacinone, 1734 
Diphenadione, 1734 
Diphenhydramine hydrochloride, 

1545, 1548 
Diphenoxylate hydrochloride, 1309 
Diphenyl, 1735 
Diphenylhydantoin sodium, 1506 
Dipiverin hydrochloride, 1385 
Dipole-induced dipole force, 

permanent, 223 

Dipole moment, 168 
Diprivan, 1477 

Dipterex, 1732 

Dipyridamole, 1269 
Direct contact test, bioassay, 562 
Dirithromycin, 1653 
Discrete data, 129 
Disease management, 2163 

business plans, 2168 
chronic, 57 
history, 2163 
medical conditions, 2164t 
pharmacists role, 2165, 2165t 
pharmacists and, 2164 
program components, 2164t 
protocol development, 2166 
qualifiers, 2164 
quality assurance, 2168 
success components, 2166 

Disease prevention, 55 

Diseases, manifestations and 
pathophysiology, 1095 

Disintegrants, effect on 
dissolution, 677 

Disintegrants, tablet, 893 
Disintegration, mechanical, 306 
Dismutases, biotechnology, 995t 
Disodium hydrogen phosphate, 

1307 
Disodium methanearsonate, 1737 
Disodium Versenate, 1343 
Disopyramide phosphate, 1363 
Diso-Tate, 1343 

Disperse systems, 348 
Dispersion, ideal, 219 
Dispersion, optical rotatory, 171 
Dispersion of particles, 321 
Dispersions 

coarse, 319 

colloidal, 293 (see Colloids) 
dispersion step, 319 
interfacial properties, 319 
lyophilic, 305 
lyophobic, 306 
lyophobic, preparation methods, 

306 
particulate hydrophilic, 306 
solid, solubility, 229 
surface potential, 319 
surface-free energy, 319 

Dissociation constants, 237t, 238, 

239 

Dissolution and disintegration, 
correlation, 674 

Dissolution medium, effect on 
dissolution, 680 

Dissolution products, 
encapsulated, 949t 

Dissolution products, matrix, drug 
delivery, 950t 

Dissolution systems, drug delivery, 
949 

Dissolution test, 129t 
Dissolution test, tablets, 918 
Dissolution testing, automation, 

687 
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Dissolution, 672 
bioavailability, 1039 
definition and theoretical 

concepts, 672 

disintegration and, nutritional 
supplements, 686 

effect of test parameters on rate, 
679 

factors affecting rate, 675 
factors related to test 

parameters, 677 

factors related to the dosage 
form, 678 

factors relating to drug product 
formulation, 676 

relating to physiochemical prop- 
erties, 675 

immediate release solid oral 
dosage forms, 683 

intrinsic, 673 

intrinsic, rate constants, 673 

mathemataics, 673 
miscellaneous factors, 681 
modified release dosage forms, 

687 

orally disintegrating tablets, 684 
poor, preformulation, 728 
preformulation, 736 
profile comparisons, 687 
suppositories, 686 
suspensions, 684 

topical dosage forms, 684 
USP/NF methods, 681 
validation of method, 688 

Distillation, compression, 807 
Distribution 

binomial, normal 
approximation to, 136 

drug delivery, 944 
F, 143 

pharmacokinetics, 1192 
standard normal, 136t 
T,137 

Distribution volume 
pharmacokinetics, 1193 
two-compartment, 

pharmacokinetics, 1194 
Distributions 

binomial probability, 133 
frequency, 130 
normal probability, 133 

Dithane M-22, 1735 
Dithiocarbamates, 1735 
Dithranol, 1284 
Diulo, 1427 
Diuretic drugs, 1422 
Diuretics, 1350, 1422 

benzothiadiazine and related, 
1425 

loop, 1429 
osmotic, 1423 

potassium-sparing, 1428 
renal tubule-inhibiting, 1424 
renal tubule-inhibiting, other, 

1430 

Diuril, 1426 
Diuron, 1737 

Divalproex sodium, 1504 
Diverticulitis, 1109 
Diverticulosis, 1109 
Division, 114 

DLVO theory, 302 
DNOC, 1738 

Dobutamide, 1269 
Dobutamine hydrochloride, 1385 
Dobutrex, 1385 
Docetaxel, 1570 
Documenting, billing, and 

reimbursement for 
pharmaceutical care 
services, 2114 

Docusate calcium, 1308 
Docusate potassium, 1308 

Docusate sodium, 1308 
Dodine, 1735 
Dofetilide, 1363 
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Dogmatyl, 1363 
Dogwood, 1306 
Dolantin, 1531 
Dolantol, 1531 
Dolasetron, 1363 
Dolasetron mesylate, 1310 
Dolobid, 1536 
Dolophine hydrochloride, 1532 
Donepezil, 1396 
Donnan distribution, 1161 
Donnan effect, 1159 
Dopamine drugs, 1387 
Dopamine hydrochloride, 1387 
Dopastat, 1387 

Doppler anemometer, fiber-optic, 
298 

Dopram. 1372 
Doquadine, 1735 
Doral, 1496 
Doriden, 1498 
Dosage, individuals of any age or 

size, 116 

Dosage, infants and children, 
116 

Dosage adjustment, 
pharmacokinetics, 1199 

Dosage calculations, 116 
Dosage forms 

bioavailability, 1038 
oral, approved colors, 894t 
oral solid, 889 

Dosage regimens, individualized, 
pharmacokinetics, 1197 

Dose, approximate equivalents, 
104 

Douche powders, 719 
Douches, 750 
Doxacurium chloride, 1413 
Doxapram hydrochloride, 1372 
Doxazosin mesylate, 1400 
Doxepin hydrochloride, 1520 
Doxil, 1571 
Doxorubicin hydrochloride, 1571 
Doxorubicin hydrochloride 

liposomal, 1571 
Doxycycline, 1655 
Doxylamine succinate, 1548 
Dr. Brown’s Home Drug Testing 

System, 1276 
Draize-Shelanski test, 882 
Dramamine, 1310 

Dressings, 1994 

occlusive, 1279 
topical, 887 

Dristan, 1387 

Drixoral, 1548 
Dronabinol, 1310 
Droperidol, 1512 
Dropper, medicine, 110 
Droppers, calibrated, 104 
Drug 

powdered, drug delivery, 962 
routes of administration, 

1156 

selected names, 68t 
Drug-drug interactions, pharma- 

cokinetics, 1196 
Drug absorption, 1153, 1156 

action, and disposition, 1142 
factors affecting, 1158 
membrane structure and 

properties, 1153 
significance, 249 

Drug abuse, 2303 (see Substance 
abuse) 

Drug action, 1142 

dose-effect relationships, 1144 
mechanisms, 1149 
occupation and other theories, 

1148 

receptor binding, 1150 
receptor structure and function, 

1150 
types of targets, 1149 

Drug activity, significance, 249 
Drug approval, overview, 965 

Drug approval, preclinical testing, 
966 

Drug combinations, fixed, 1168 
Drug combinations, reasons, 1167 

Drug compendia, 68 
Drug delivery, 

extended release, properties, 941 
modified-release, 939, 940, 940t 
novel systems, 961 
rate-controlled, 946 
release rate and dose, 942 
targeted, 939, 953 

Drug delivery systems (see Drug 
Delivery) 

Drug design 
addition of functional groups, 

470 
analog approach, 468 
combinatorial chemistry, 478 
computer use, 477 

drug disposition, 474 
homologs, 468 
ionization, 473 

isosteric replacements, 471, 471t 
mechanism-based, 476 
molecular fragmentation, 469 
property-based, 720 
quantitative relationships, 475 
stereochemistry, 472 
structure-activity relationship 

and, 468 
Drug development, 1249 
Drug development, research, 93 
Drug diffusion, 1154 
Drug discovery, 478, 966 
Drug discovery process, 720 
Drug disposition, 474, 1160 
Drug distribution, 1153 
Drug education, 1796 

basic principles, 1799 
behaviors, 1798t 
future efforts, 1804 
strategies and programs, 1805t 

Drug education in a medical 
context, 1801 

Drug education in a nonmedical 
context, 1801 

Drug education programs 
development, 1802, 1803t 
effects and outcomes, 1800 
technical aspects, 1803t 

Drug effect, 1142 
Drug excretion, 1153, 1160, 1165 

Drug interaction, 1167 

Drug interactions, 1889 (see 

Interactions) 
Drug interactions, literature, 70 

Drug literature, clinical, 74 (see 
Literature) 

Drug nomenclature, literature, 68 
Drug nomenclature, United States 

Adopted Names, 443 (see 
USAN) 

Drug penetration, physicochemical 
factors, 1155 

Drug receptor theory, 1147 
Drug receptors, 1147 
Drug sales, top companies, 95t 
Drug solubility, significance, 248 
Drug stability, significance, 248 
Drug stabilization, 277 
Drug therapy 

conventional, 939 
modified-release, 939 
multiple, dangers, 1169 

Drug transport, 1154 
Drug use, reasons and motivations 

for, 1798t 
Drug use and education, 1796 
Drugs 

new, rapid access to, 969 

top-selling, 95t 
Dryvax, 1602t 

DSCG, 1547 
DTIC-Dome, 1569 
Duet System, 1275 

Dulcolax, 1306 
Duloxetine hydrochloride, 1523 
Duncan’s New Multiple Range 

Procedure, 146 
Duncan's test, 147 
Dunnett’s procedure, 146 
Duodenum, diseases of, 1106 
Duponol C, 1075 
Duract, 1536 

Duranest, 1481 

Duricef, 1645 
Dusting powder, 719 

absorbable, 1973 
starch-derivative, 1973 

Dutasteride, 1473 
Duvoid, 1390 
Dwale, 1408 
Dwayberry leaf, 1408 
D-Xylose, 1272 
Dycill, 1639 
Dyclone, 1484 
Dyclonine hydrochloride, 1484 
Dye-solubility test, 326 
Dymelor, 1453 
DynaCire, 1365 

Dynapen, 1639 
Dyphylline, 1373 
Dyrenium, 1429 

e.p.t., 1276 
Earth-nut oil, 1072 
Earth wax, 1092 
Echothiophate iodide, 1395 
Ecodide, 1395 
Econazole nitrate, 1673 
Economics, health care, 2082 
Eczema, 1132 

Edathamil, 1343 
Edecrin, 1430 
Edecrin sodium, 1430 
Edetate calcium disodium, 1343 
Edetate disodium, 1343 
Edetic acid, 1086 
Edex, 1369 
Edrophonium chloride, 1395 
Education, 3, 4 

colleges, 5 
drug, 1796 
schools, 5 

Efavirenz, 1678 
Effexor, 1522 
Efficacy, drug delivery, 945 
Efudex, 1573 
Einstein’s law of viscosity, 296, 348 
Elaic acid, 1077 
Elase, 1687 
Elastic deformation, 338 
Elasticity, modulus, 340, 340t 
Elavil, 1518 

Eldepryl, 1421 
Eldopaque forte, 1291 
Eldoquin, 1291 
Electric charges, 300 
Electric double layers, 300 
Electricity-modulated drug 

delivery, 951 
Electrochemical distribution, 1161 
Electrochromatography, 630 
Electrochromatography, capillary, 

600 

Electrode 
calomel, 247 
glass, 248 
hydrogen, 246, 247 
quinhydrone, 247 
reference, 247 

Electroendosmosis, 630 
Electrolyte disturbances, 1115 
Electrolyte solutions 

balanced, 1323 
colligative properties, 226 
oral, miscellaneous, 1323 

Electrolytes, 231, 1337 
analysis, 583 

chemistry, 382 
strong, 232 

theories, 234 
weak, 232 
weak, ionization, 233 

Electrolytes as flocculating agents, 
322 

Electrolytic equilibria, 231 
Electron impact, 636 
Electronegativity and dissociation 

constants, 238 

Electronegativity values of some 
elements, 168t 

Electron-pair concept, 236 
Electroosmosis, 304 
Electro-osmotic effect, 631 
Electrophoresis, 630 

capillary, 304 
capillary gel, 305 
free-boundary, 630 
moving boundary, 630 
polyacrylamide gel, 630 
zone, 630 

Electrophoretograms, 630 
Electrophysiology, 1099 
Electrospray ionization, 637 
Electrostatic repulsion, 301 
Electrostatic theory, 189 
Electrozone sensing, 708 
Elements, electronegativity values, 

168t 
Elements, electronic configuration, 

163, 164t 
Eletriptan hydrobromide, 1434 
Elimination, drug delivery, 944 
Elimination, pharmacokinetics, 

1192 
Elimination rate constant, 

pharmacokinetics, 1196 
Elixir adjuvans, 1071 
Elixirs, 757, 1063 
Elixophyllin, 1373 
Ellence, 1571 
Eloxatin, 1581 
Elspar, 1562 
Elution test, bioassay, 562 
Elutriation, 711 
Emadine, 1548 
EMBASE, 65 
Embolism, pulmonary, 1104 
Emecyt, 1572 

Emedastine difumarate, 1548 
Emend, 1310 
Emergency medicine 

continuity of care concept, 2266 
critical pathways, 2268 
disease scope, 2265 
drug-related issues, 2265 
education, 2269 
future, 2270 
logistics, 2270 
overview, 2265 

patient care challenges, 2268 
patient evaluation, 2266 
patient selection, 2265 
pharmacy practice, 2265 
pharmacy practice evaluation, 

2270 
pharmacy services, 2267 
preparedness, 2268 
re-admission prevention, 2267 

stress, 2270 

Emetics, 1309 

Emetine hydrochloride, 1310, 1668 
Eminase, 1333 

Emollients, 1280 
Emphysema, predominant, 1103 
Emphysema and predominant 

bronchitis, 1103 
Emtracitabine, 1678 
Emtriva, 1678 

Emulsification, spontaneous, 327 
Emulsifying agents, 1072 

auxiliary, 330, 331 
chemical types, 328 
classification, 329t 

   



  

  

concentration, 328 

desirable properties, 327 
electrical potential, 327 
film formation, 327 
finely dispersed solids, 331 
interfacial tension, 327 
mechanism, 328 
mixed, 333 

monomolecular films, 328 
multimolecular films, 328 
natural, 330 
selection, 332 
solid particle films, 328 
synthetic, 329 

Emulsifying agents and emulsion 
type, 331 

Emulsion, oral, (O/W) containing 
an insoluble drug, 762 

Emulsion formulations, 881 
Emulsion rheology, 328 
Emulsion type and rate of 

coalescence, 331 
Emulsion viscosity, factors, 328t 
Emulsions, 325, 759 

aggregation, 335 
bioavailability, 336 
coalescence, 335 
coalescence of droplets, 327 
creaming, 335 

dispersed phase, 326 
dispersion medium, 326 
dispersion process, 326 
emulsifying agent, 326 
flocculation, 335 
formation and breakdown, 326 
formulation ingredients, 760 
HLB values, 760t 
inversion, 335 

means of detection, 326 
method of preparation, 334 
micro-, 763 

multiple, 763 
oil-in-water, 326, 332 
ophthalmic, 857 
phase inversion temperature, 

335 

preparation, 332, 761 
processing equipment, 763 
properties and stability, 762 
sedimentation, 335 
stability, 334, 1028 
theories, 759 
type, 326 
water-in-oil, 326 

Emulsoil, 1306 
E-Mycin, 1653 

Enalapril maleate, 1355 
Enalaprilat, 1355 
Enantiomers, 171 

Encephalitis, 1139 
Endocarditis, infective, 1140 
Endocrinology, 1123 
Endodorm, 1267 
Endoplasmic reticulum, 1163 
Endothall, 1738 
Endotoxins, parenterals, 812 
Endrate, 1343 
Enemas, 384, 751 

Energies, activation, 340t 

Energy, surface free, 281, 319 
Enflurane, 1475 
Enfuvirtide, 1678 
Engerix-B, 1603t 

English systems of weights and 
measures, 99, 102 

Enlon-Plus, 1395 
Enoxacin, 1657 

Enoxaparin, 1330 

Entacapone, 1419 

Enteral hyperalimentation and 
osmoticity, 255 

Enteral nutritional fluid, 250 
Enthalpy, 178 
Entropic repulsion, 310 
Entropic stabilization, 310 
Entropy, 204 

Entropy changes, 205 
Enzyme catalysis, 274 
Enzyme-linked immunosorbent 

assay, 573, 595 

Enzymes, 579, 1685 

nomenclature, 1686 
other, 1687 
pancreatic, 1304, 1304t, 1686t, 

1687 
Eosinophils, 569 
Ephedrine sulfate, 1385 
Epidemiology, 54 
Epidermal drug delivery, 871 
Epilepsy, 1116, 1501 
Epimerization, stability, 1031 
Epinephrine, 1386 
Epinephrine bitartrate, 1386 
Epirubicin hydrochloride, 1571 
Epivir, 1680 

Epoetin alfa, 1347 
Epogen, 1347 
Epoprostenol sodium, 1370 
Eprosartan mesylate, 1356 
Epsom salts, 1307 
Eptifibatide, 1335 
Equilibria, electrolytic, 231 
Equilibria, phase, 211 
Equivalents, dose, approximate, 

104 
Equivalents, household, 115 
Erbitux, 1566 
Ergamisol, 1578 
Ergocalciferol, 1697 
Ergomar, 1434 

Ergometrine maleate, 1433 
Ergonovine maleate, 1433 
Ergot alkaloids, 436 (see Alkaloids) 
Ergotamine tartrate, 1434 

Erosion-controlled systems, drug 
delivery, 951 

Ertapenem sodium, 1648 
Erythema multiforme, 1133 
Erythrityl tetranitrate, 1359 
Erythrocyte fragility test, 568 
Erythrocyte sedimentation rate, 

568 
Erythrocytes 

analysis, 565 
pharmacodynamics, 1188 
resealed, drug delivery, 956 

Erythroderma syndrome, 
exfoliative, 1133 

Erythromycin, 1303, 1653 
Erythropoietic mechanisms, 

analysis, 570 
Erythropoietin, biotechnology, 

995t 
Escalol, 106, 1292 
Escharotics, 1286 
Escitalopram oxalate, 1520 
Eserine salicylate, 1395 
Eskalith, 1513 
Esmolol hydrochloride, 1402 
Esomeprazole magnesium, 1300 
Esophageal spasm, diffuse, 1006 
Esophageal stricture, 1106 
Esophagus, diseases of, 1105 
Estazolam, 1495 
Esters, stability, 749 
Estimation, statistical, 127 
Estimation and confidence 

intervals, 136 
Estimation and inference, 136 
Estrace, 1463 

Estracyte, 1572 

Estradiol, 1463 
Estramustine phosphate sodium, 

1572 
Estrogens, conjugated, 1464 
Estropipate, 1464 
Ethacrynate sodium, 1430 
Ethacrynic acid, 1430 
Ethambutol hydrochloride, 1663 
Ethanol, 1080 

dehydrated, 1082 
diluted, 1081 

Ethanol as a solvent, 221 
Ethanolamine, 1082 
Ethanolic acid, 1083 
Ethchlorvynol, 1498 
Ethers, halogenated, 1475 
Ethers, propellants, properties, 

1003t 
Ethics 
American Pharmacists 

Association, 21, 26 

analysis, 23 
application to complex cases, 

1747 
approaching dilemmas, 1746 
case studies, 1747 
code of, 21 
codes, 25 
conflicts, 26 
contribution to clinical practice, 

1752 
decisionmaking., 22 
drug formularies, 27 
human drug experimentation, 

27 
law and, 26 
moral rules, 24 
principles, 24 
rationing of services, 26 

resolving dilemmas, 1746 
suicide, assisted, 27 
theories, 24 
values, 1745 

Ethics and health care, 1745 
Ethics and practice dilemmas, 1745 
Ethinyl estradiol, 1464 
Ethiodized oil, 1264 
Ethiodol, 1264 
Ethiotos, 1561 
Ethmozine, 1363 
Ethohexadiol, 1734 
Ethosuximide, 1504 
Ethotoin, 1504 
Ethovan, 1064 
Ethrane, 1475 
Ethrel, 1738 
Ethyl chloride, 1484 
Ethyl oleate, 1072 
Ethylcellulose, 1086 
Ethylene oxide, 1628 
Ethylene oxide sterilization, 788 
Ethylenediamine, 1059 
Ethylenediamine hydrate, 1092 
Ethylene-vinyl acetate packaging, 

1052 
Ethylhexyl p-methoxycinnamate, 

1291 
Ethylhydrocupreine, structure, 

435 
Ethylmorphine, structure, 434t 
Ethylnorepinephrine 

hydrochloride, 1386 
Ethylolamine, 1082 
Ethylparaben, 1628 
Ethyol, 1561 
Etidocaine hydrochloride, 1481 
Etidronate disodium, 1458 
Etodolac, 1536 
Etomidate, 1477 
Etoposide, 1572 
Etretinate, 1291 

Eucalyptol, 1069 
Eucalyptus oil, 1064 
Eudolat, 1531 
Eulexin, 1573 
Eurax, 1598 

Eutectic mixtures, powders, 718 

Eutectic mixtures, simple, 229 
Eutectics, 180 

Evaporative light scattering 
detector, 618 

Evidence-based pharmacy, 1755t 
Evista, 1465 

Evoxac, 1391 

Ewens-Bassett system of nomen- 
clature, 363 

Exac Tech RSG, 1275 
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Excipient interaction, effect on 

dissolution, 678 
Excipients, 317 

Excretion, renal, pharmacokinetics, 
1187 

Exelderm, 1674 
Exelon, 1397 
Exemestane, 1465, 1572 

ex-lax, 1307 
Exna, 1426 

Exocytosis, 1155 

Expectorants, 1376 

Expectorants, chemistry, 384 

Expectorants, combinations, 1377 

Experimental design, 144 
Exponents, 112 

Exporsan, 1738 

Expression, 699 

Exsel, 1629 
Extemporaneous prescription 

compounding, 1903 
Extended-release and targeted 

drug delivery systems, 
939 

Extended-release drug delivery, 
941 

Extended-release drug delivery 
systems, 939 (see Drug 
Delivery) 

Extracts, 773, 774 

allergenic, 1600, 1615, 1618 
potency units, 1618t 
products, 1620 

dust, 1620t, 1621 
food, 1623, 1623t 
fungal, 1621 
inhalant, miscellaneous, 1620t, 

1622 
insect, 1621 

pollen, 1619t, 1621 
preparations, 774 

Extreme value, criteria, 152 

Eye 
anatomy and physiology, 851 
lacrimal system, 853 
rheology, 350 
structure and function, 851 

Eyedrops, how to use, 857 
Eyelids, 851 
Eyring’s “hole theory,” 342 
EZ Detect, 1275 
EZ Detect for Hidden Blood in 

Urine, 1276 

Ezetimibe, 1367 

F distribution, 128, 143 
F table, 143t 

F(ab), 1361 

Factor IX complex, 1327 
Factor IX products, 1327t 
Factor VIII products, 1326t 
Factrel, 1271 
Fahraeus-Lindqvist effect, 349 
Famciclovir, 1679 
Famotidine, 1299 
Famvir, 1679 

Fanasil, 1632 
Fanzil, 1632 
Fascia lata, 1976 
Faslodex, 1574 
Fat emulsion, intravenous, 1693 

Fats, animal, 1280 
Fats, chemistry, 424 
Fatty acids, 1693 
FDA Modernization Act of 1997, 

1021 

Fecal elimination, 1166 
Fecal softeners, 1308 
Feces, analysis, 591 
Feiba, 1327 

Felbamate, 1504 
Felbatol, 1504 
Feldene, 1540 
Felodipine, 1365 
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Femara, 1465, 1577 

Fennel, 1069 
Fennel oil, 1064 
Fennel seed, 1069 
Fenofibrate, 1367 
Fenoldapam mesylate, 1352, 

1388 

Fenoprofen calcium, 1536 
Fenoterol hydrobromide, 1383 
Fentanyl citrate, 1531 
Feosol, 1345 
Ferbam, 1735 
Feridex, 1267 
Ferri sulfas, 1345 
Ferric dimethyldithiocarbamate, 

1735 

Ferric hydroxymate method, 198 
Ferric oxide, red, 1092 
Ferric oxide, yellow, 1092 
Ferrous fumarate, 1345 
Ferrous gluconate, 1345 
Ferrous sulfate, 1345 
Ferrous sulfate syrup, 755 
Ferrous sulfate tablets, 914 
Ferumoxides, 1267 
Ferumoxil, 1267 
Ferumoxsil, 1267 
Fexofenadine hydrochloride, 

1548 

Fiberall, 1308 

Fibrinogen degradation products, 
572 

Fibrinolysin and 
deoxyribonuclease, 1687 

Fibrinolytic inhibitors, 1336 
Fick’s first law of diffusion, 212 
Fick’s first law of dissolution, 

674 

Filgrastim, 1347 
Films, insoluble monomolecular, 

287 

Films, mixed, 288 
Films, soluble, and adsorption 

from solution, 287 
Filter paper, 695 
Filtering apparatus, rapid, 696 
Filters 

cotton, 695 

glass wool, 696 
membrane, 695 
sintered-glass, 696 

Filtration, 694 
aids, 696 
funnels, 696 
gel, 700 
mathematics, 694 
media, 695 

parenterals, 822 
ultra-, 701 
vacuum, 696 

volatile liquids, 696 
Filtration sterilization, 793 
Filtration under pressure, 697 
Finasteride, 1473 
Fioricet, 1495 

Fiorinal, 1495 
First Response, 1276 

First Response 1-Step, 1276 
First-aid supplies, 1994 
Fission, by-products, 485 
Fixed oils, chemistry, 424 
Flagyl, 1669 
Flavonoids, 439, 1718 
Flavor, 1061 
Flavoring, vehicle selection, 1063 
Flavoring agents, 894, 1060, 1061, 

1063t 

Flavoring methodology, 1062 
Flavors, preservation, 1062 
Flavors, selection, 1062 
Flecainide acetate, 1363 
Fleet enema, 1307 
Fleet Phospho-Soda, 1307 
Flexeril, 1416 
Flies, control, 1729 
Flocculation, 320 

controlled, 322 
degree, 321 
effect, 321 
expressions, 321 

Flocculation by polymers 
Flocculation in structured vehicles, 

324 

Flocculation using detergents, 323 
Flocculation using electrolytes, 

322 

Flocs, 320 
Flolan, 1370 
Flonase, 1447 
Florentine receiver, 700 
Florinef acetate, 1447 
Floropryl, 1395 
Flosequinan, 1361 
Flovent, 1447 
Flow, laminar, 339 
Flow, streamline, 339 
Floxin, 1658 
Floxuridine, 1572 
Fluconazole, 1671 
Flucytosine, 1671 
Fludara, 1573 
Fludarabine phosphate, 1573 
Fluid, supercritical, 179 
Fluid disturbances, 111 
Fluidextracts, 774 
Fluidity, 338 
Fluids 
non-Newtonian, 342 

shear-thickening, 342 
shear-thinning, 342 
time dependent 

non-Newtonian, 343 

time-independent 
non-Newtonian, 342 

Fluindostatin, 1368 
Flumadine, 1682 
Flumazenil, 1499 
FluMist, 1602t 
Flunisolide, 1447 
Fluodrocortisone acetate, 1447 
Fluorescein sodium, 1273 
Fluorescein sodium injection, 1273 
Fluorescein soluble, 1273 
Fluorescite, 1273 
Fluorine, 1715 
Fluorine, chemistry, 377t, 378 
Fluoristan, 1293 
Fluorometry, 655 
Fluoroplex, 1573 
Fluoroquinolones, 1656, 1657t 
Fluorouracil, 1573, 1680 
Fluothane, 1474 
Fluoxetine hydrochloride, 1520 
Fluoxymesterone, 1471 
Fluphenazine decanoate, 1512 
Fluphenazine enanthate, 1512 
Fluphenazine hydrochloride, 1310, 

1512 

Flurazepam hydrochloride, 1496 
Flurbiprofen, 1536 
Flutamide, 1573 
Fluticasone propionate, 1447 
Fluvastatin sodium, 1368 
Fluvirin (purified surface antigen), 

1603t 

Fluvoxamine maleate, 1520 
Fluzone (subviron or whole-viron), 

1603t 

Focalin, 1555 
Folacin, 1704 
Folex, 1580 
Folic acid, 1703 
Folmic acid, 1705 
Folpet, 1735 
Folvite, 1704 
Fomivirsen sodium, 1679 
Fondaparinux sodium, 1330 
Food and Drug Administration, 46 

clinical trial design, 965 
new drug approval, 965 

Foradil, 1383 
Forane, 1475 

Force 
dispersion, 191 
London, 191 
van der Walls’, 191 

Forces 
attractive, 172 

Debye, 172 
dipole-induced dipole, 172 
electrostatic, 191 
induced dipole-induced dipole, 

173 

induction, 191 
intermolecular, 174t 
intramolecular binding, 172 
ion-dipole and ion-induced 

dipole, 173 
London, 173 
noncovalent intermolecular, 190 
polarization, 191 
repulsive, 172 
Van der Walls’, 172 

Formaldehyde, 1628 
melamine, packaging, 1054 
phenol, packaging, 1054 
sterilization, 793 
urea, packaging, 1054 

Formoterol fumarate, 1383 
Formularies, 68 
Formulas, reducing and enlarging, 

118 

Formulation, pre-, 720 (see Prefor- 
mulation) 

Fortaz, 1646 

Fosamine ammonium, 1735 

Fosamprenavir calcium, 1679 

Foscarnet, 1679 

Foscavir, 1679 

Fosfamax, 1457 
Fosfomycin tromethamine, 1660 
Fosinopril sodium, 1355 
Fossil wax, 1092 
Fraction defective, control chart, 

153 

Fraction of drug inbound, 199 
Fractions, types, 112 

Fracture mechanics, 702 
Fradiomyecin sulfate, 1651 
Fragmin, 1330 

Francium, chemistry, 365t 
Free Style, 1276 
Free-boundary electrophoresis, 

630 

Freeze drying 
advantages and disadvantages, 

828t 

parenterals, 828 
practical aspects, 829t 

Freezing point 
calculations, 257 
depressions, 260t 
depression methods, 257 
effect of solvents, 257 

Frequency distribution of rat 
weights, 131t 

Friability, tablet, 895 
Friar’s balsam, 1280 
Friction, internal, 338 
Frova, 1435 

Frovatriptan succinate, 1435 

Fructose, 1692 

FUDR, 1572 

Ful-Glo, 1273 
Fulvestrant, 1574 
Fumigants, 1730, 1733 

Fundamentals of medical 
radionuclides, 479 

Funduscein, 1273 
Fungi, control, 1734 
Fungicides, commonly used, 1735 
Fungizone, 1670 

Funnels, 696 
Furacin, 1629 

Furadantin, 1665 
Furosemide, 1430 
Fusion, heat of, 178 
Fuzeon, 1678 

G 

Gabapentin, 1505 
Gabitril, 1507 

Gadodiamide, 1268 
Gadopentetate dimeglumine, 1268 
Gadoteridol, 1268 
Gadoversetamide, 1268 
Galactosemia, 577 
Galantamine hydrochloride, 1396 
Galen's cerate, 1078 
Gallbladder, 1112 
Gallium, chemistry, 369t, 370 
Gallium nitrate, 1458 
Gallotannic acid, 1283 
Gallstones, 1112, 1316 
Gamimune N, 1613t 
Gammagard SID, 1613t 
Gammar-P.I.M., 1613t 
Gammar-P.1.V., 1613t 

Gammexane, 1598 
Gamulin-Rh, 1613 
Gangciclovir sodium, 1680 
Ganglionic blockers, 1353 
Ganite, 1458 
Gantanol, 1632 
Gantrisin, 1633 
Gardinol WA, 1075 
Gargles, 751 
Gas chromatography, 605 
Gas tar, 1285 

Gases, 181 
compressed, properties, 1003t 
inorganic, 1476 

Gastric, analysis 593 
Gastric urease test, 1272 

Gastrocrom, 1547 
Gastroenterology, 1105 
Gastroesophageal reflux disease, 

1105 

Gastrografin, 1263 
Gastrointestinal and liver drugs, 

1294 

Gastrointestinal drugs, 1294 
acid peptic diseases, 1294 
decreasing acid, 1295 
miscellaneous, 1316 
mucosal protection, 1302 
prokinetic, 1302 

Gastrointestinal tract 
infections, 1139 
rheology, 351 

GastroMARK, 1267 
Gas-X, 1317 

Gatifloxacin, 1657 
Gaultheria oil, 1065 
Gauze, 1973 

absorbent, 1973 
adhesive absorbent, 1973 
impregnated, 1968 
petrolated, 1278 
petrolatum, 1278 
plain, 1968 

Geftinib, 1574 
Gel filtration chromatography, 613 
Gel formation, 298 
Gel permeation, 614 
Gelatin, 1074 

Chinese, 1073 
Japanese, 1073 

type A, emulsion, 762 
vegetable, 1073 
white, 1074 

Gelatin as an emulsifying agent, 330 
Gelatin powder, absorbable, 1337 
Gelatin solution, tablets, 892 
Gelatin sponge, absorbable, 1337 
Gelation, 298 
Gelfoam, 1337 
Gelling agents, 771 
Gelosa, 1073 
Gels, 770 

ophthalmic, 857 
single-phase, 772 
two-phase, 771 

Gemcitabine hydrochloride, 1574 

   



  

  

Gemfibrozil, 1367 
Gemtuzumab ozogamicin, 1574 

Gemzer, 1574 

Gendex 75, 1322 
Gene, peptide-based, drug delivery, 

961 

Gene ABCB1, 1238 
Gene MDR1, 1238 
General anesthetics, 1474 
Genes, drug delivery, 960 
Gengraf, 1590 
Genome, human, 1230 
Genome, human, project, 1230 
Genome, human, variation, 1231 
Genotropin, 1440 

Gentamicin sulfate, 1650 
Gentian violet, 1672 
Gentran 40, 1322 
Gentran 70, 1322 

Geodon, 1516 
Geopen, 1639 

Geref, 1271 

Germanium, chemistry, 371t, 373 
Germicides, oxidizing, chemistry, 

383 

Germicides, precipitating, 
chemistry, 383 

Gibbs free energy, 206 
Gibbs free energy, standard molar, 

207 

Ginger, 1069 
Ginger oleoresin, 1069 
Gingili oil, 1072 
Glass, chemistry, 373 
Glass containers, parenterals, 

809 

Glass graduates, conical, 109 
Glass graduates, cylindrical, 109 
Glass measures, graduated, 109 
Glass solutions of suspensions, 229 
Glasses, medicinal, 104 
Gleevec, 1576 
Glidants, tablet, 893 
Glimiperide, 1454 
Glipizide, 1454 
Globulin 

anti-thymocyte (equine), 1613t 
cytomegalovirus immune, 

intravenous, 1613t 

hepatitis B immune, 1613t 
Globulin, immune 

intramuscular, 1612, 1613t 
intravenous, 1613t, 1614 

rabies, 1613t 
respiratory syncytial virus, 

1613t 

Rh,, 1613t 

Rh, (D), 1613t 

tetanus, 1613t 

vaccinia, 1613t 

varicella-zoster, 1613t 
Globulins, 423 
Globulins, immune, 1325 

anti-infective, 1613t 
human, 1613t 
immunosuppressive, 1613t 

Glomerular disease, 1113 
Glomerular filtration rate, 577 
Glomerulonephritis, 1113 
Glonoin, 1359 
Glucagon, 1270, 1450 

bioassay, 555 
tolerance, 577 

Glucometer Dex, Elite, and Elite 
XL, 1275 

Glucophage, 1454 
Glucophage XR, 1454 
Glucose, 1085, 1086 

blood, analysis, 576 
injection of, 1323 
liquid, 1086 
medicinal, 1085 
purified, 1085 

a-Glucosidase inhibitors, 1452 
Glucotrol, 1454 
Glucotrol XL, 1454 

Glucovance, 1456 
Gluons, 162 
Gluside, 1067 
Gluside, soluble, 1067 
Glutaral, 1628 
Glutaraldehyde, 1628 
Glutelins, 423 
Glutethimide, 1498 
Glyburide, 1454 
Glyburide and metformin, 1456 
Glycerin, 1081, 1423 
Glycerin as a solvent, 221 
Glycerinated gelatin, 

suppositories, 885 
Glycerins, 758 
Glycerol, 1081, 1423 
Glyceryl guaiacolate, 1376 
Glyceryl monostearate, 1078 
Glyceryl trinitrate, 1359 
Glycine, 1692 
Glycocoll, 1692 
Glycol ethers and derivatives, 1079 
Glycoproteins, 423 
Glycosides 

cardiac, 1360 
chemistry, 419 
composition, 419 

occurrence, 421 

official 
properties, 420 
secondary, 420 
selected, 420t 
structure, 419 

Glycyrrhiza, 1064 
elixir, 1071 
extract, 1069 

extract, pure, 1065 

fluidextract, 1065 
syrup, 1071 

Glynase Pres Tab, 1454 
Glyset, 1455 
GMP regulations, 1021 
Goat’s thorn, 1076 
Gold, chemistry, 366t, 367 
Gonadorelin acetate, 1440 
Gonadorelin hydrochloride, 1271 
Gonadotropin, chorionic, bioassay, 

559 

Gonadotropin, human chorionic, 
1438 

Good Manufacturing Practices, 
Current, 1023 

Goserelin acetate, 1575 
Gossypium purificatum, 1973 
Gout, 1120 

Gouy-Chapman layer, 301 
Government 

air force, 43 
army, 41 

career opportunities, 41 
county agencies, 49 
department of veterans affairs, 

48 

locating current information, 50 
municipal agencies, 49 
navy, 44 

pharmacists, 40 
public health service, 44 
state agencies, 49 

uniformed service 
requirements, 41 

Graft rejection, 
immunomodulators, 1218 

Graft rejection, types, 1217 
Granisetron hydrochloride, 1311 
Granulating agents, effect on 

dissolution, 676 
Granulation method, effect on 

dissolution, 677 
Granulation, 

dry, 900, 913 
fluid-bed, 899, 912 

wet, 896, 912 

Granulex, 1687 
Granulocyte concentrate, 1319 
Granulomatosis, Wegener's, 1122 

Granulomatous disease, chronic, 
1211 

Gravimetric methods, assays, 507 
Griseofulvin, 1673 
Groundnut oil, 1072 
Growth factors, hematopoietic, 

1346 

Guaifenesin, 1376 
Guanabenz acetate, 1351 
Guanadrel sulfate, 1403 
Guanethidine monosulfate, 1404 
Guanfacine hydrochloride, 1351 
Guanine, structure, 438t 
Guillain-Barre syndrome, 1118 
Gum arabic, 1072 
Gum arabic, mucilage of, 1072 
Gum Benjamin, 1280 

Guncotton, soluble, 1088 
Gut, surgical, 1978 
Guthion, 1732 
Guthrie test, 578 
Guttae jesuitarium, 1280 

Guttae nadir, 1280 
Gyne-Lotrimin, 1671 

Gypsum, 1084 
Gyration, radius, 228 

Hga-receptor antagonists, 1297, 

1299t 

Hafnium, chemistry, 369t, 373 
Hair follicles, 871 
Hairy root cultures, 986t 
Halcion, 1497 
Haldol, 1512 
Haldol decanoate, 1513 
Half-cells, 247 
Half-life, pharmacokinetics, 1196 
Halogenoids, chemistry, 379 
Haloperidol, 1512 
Haloperidol decanoate, 1513 
Haloprogin, 1672 
Halotestin, 1471 
Halotex, 1672 
Halothane, 1474 
Haltran, 1537 
Hartmann’s solution, 1323 
Hashimoto’s thyroiditis, 1212 
Havrix, 1603t 

HCTZ, 1427 

Headache, 1118 
Health accessories, 1979 

accreditation, 2011 
certification, 2011 
future, 2011 
professional approach, 2011 
promotion, 2009 

reimbursement, 2009 
what to stock, 2008 

Health care 
achieving business results, 2148 
acute, 2136 

ambulatory pharmacists 
performing, 2138t 

asthma management, 2137t 

background, 2130 
challenges, 2151 
diabetes reports, 2138t 
education, 2140 
integrated delivery systems, 

2130 

long-term, hospice, and home, 
2139, 2140t 

outcomes management, 2144 

patient system support, 2141 
patient-specific, 2131 
primary, 2131 
protocol-driven, 2133 
roles for pharmacists, 2132t 
symptoms consistent with DVT, 

2136t 

technology and automation 
integration, 2143t 

template for deep-vein 
thrombosis, 2135 

INDEX 2375 

Health Resource and Services 
Administration, 46 

Heart, cardiac rhythm disorders, 
1099 

Heart, conduction abnormalities, 
1100 

Heart disease, 1095 
Heart disease, valvular, 1098 
Heart failure, 1097 
Heat of fusion, 178 
Heat of vaporization, 178 
Heliobacter pylori test, 1272 
Heliotropin, structure, 440 
Helium, chemistry, 365t 
Helmholtz double layer, 300 
Helmholtz free energy, 206 
Hemabate, 1432 
Hematocrit value, 566 
Hematological drugs affecting 

blood production, 1344 
Hematological values, normal, 566t 
Hematology, 1127 
Hematology, analysis, 565 
Hematopoiesis, 1127 

Hematopoietic growth factors, 1346 
Hematopoietics, 1344 

Hemoglobin, analysis, 565 
Hemoglobin A1C testing, 1276 
Hemolytic effects, 260t 
Hemo-Pak, 1973 
Hemophilia A, 1130 
Hemophilia B, 1130 
Hemorheology, 349 
Hemostasis, 571 

Hemostasis, disorders of, 1130 
Hemostatics, 1336 

Henderson-Hasselbalch equation, 
245, 391 

Henry's law, 218 
Heparin, 1328, 1331 

bioassay, 559 
low-molecular-weight, 1330 
substitutes, 1328 

Heparin sodium, 1331 
Hepatic function, 584 
Hepatitis, 

acute, 1110 

autoimmune chronic, 1111 
chronic viral, drugs, 1315 
comparison of types, 1110t 
testing, 575 

viral, 1139 
viral, prevention, 1110 

Hepatitis A, 1110 

Hepatitis B, 1110 

Hepatitis C, 1110, 1276 

Hepatitis C Check, 1276 
Hepsera, 1677 

Herbal medicines 
literature, 70 
popular, 413t 
published reviews, 2328 

Herbalism, 2326 
Herbicides, 1736 
Herbicides, miscellaneous, 1738 
Herboxone, 1738 
Herbs, drug interactions, 2327t 
Herceptin, 1615t 

Heroin, structure, 434t 

Herpes, genital, 1136 
Herplex, 1680 
Hespan, 1322 

Hetastarch, 1322 
Hetrazan, 1596 

Hexabrix, 1267 
Hexachlorophene, 1628 
Hexalen, 1561 
Hexamine, 1664 

Hexavitamin tablets, 912 
Hibiclens, 1627 
Hibistat, 1627 

HibTITER, 1602t 
Hiestand compaction indices, 917t 
High-alcoholic elixir, 1091 
High-performance liquid 

chromatography, 615 
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High-throughput screening for 
polymorphism, 666 

Hinder, 1734 
Hirudo medicinalis isoform HVI, 

1336 

Histamine, 1543 

Histamine and antihistaminic 
drugs, 1543 

Histamine phosphate, 1543 
Histamine release, inhibitors of, 

1546 

Histogram, 130 

Histolyn-CYL, 1275 
Histones, 423 

Histoplasmosis skin test antigen, 
1275 

History 
American, 11 

antiquity, 8 
bibliography, 15 
Europe, early modern, 9 
Middle Ages, 8 
pharmacy, 7 
prehistoric, 7 
Renaissance, 9 

HIV, universal precautions, 56 

Hives, 1132 

Hivid, 1683 
HLB values, 760t 
HMG-CoA reductase inhibitors, 

1368 

Hofmeister or lyotropic series, 
299 

Hog gum, 1076 
Homatropine, structure, 432t 

Homatropine hydrobromide, 1408 
Homatropine methylbromide, 

structure, 432t 

Home Access, 1276 

Homeopathy, 2327 
Homogenizers for emulsions, 765 
Homologs, 468 
Homosalate, 1291 
Honey, 1092 

clarified, 1092 
strained, 1092 

Honeys, 756 

Hook’s law, 347 
Hooke’s law, 338 
Hormone 

adrenal corticotropic, 1438 
androgen, inhibitors, 1472, 

1472 

follicle-stimulating, 1438 
interstitial cell-stimulating, 

1438 

luteinizing, 1438 
parathyroid, 1456 
testicular, 1470 
thyrotropic, 1438 

Hormone antagonists, 1437 

Hormones, 1437 

estrogenic, natural, 1462 
estrogenic, synthetic or 

nonsteroidal, 1462 
estrogens, major features, 1462t 

gonadal, 1461 
gonadal, inhibitors, 1461 
gonadotrophic, 1438 
hypothalamic, 1438 
ovarian, 1461 

pancreatic, 1449 

pituitary, 1437 
summary, 1438t 

thyroid, 1458, 1459t 

Hormones and hormone 
antagonists, 1437 

Hospital, AHA registration 
requirements, 2248 

Hospital pharmacy, 2254 
ambulatory care services, 2263 
clinical, 2264 
facilities, 2258 
formulary system, 2259 
future, 2264 
intravenous admixtures, 2263 

investigational medications, 
2262 

medication safety, 2258 
medication-distribution systems, 

2260 
P&T committee, 2258 

patient self-administration, 2262 
practice standards, 2254 
purchasing, 2259 
responsibilities, pharmacist, 

2256 
responsibilities, technician, 2257 
technology and automation, 

2263 
Hospital pharmacy practice, 2247 
Hot Sauce animal repellant, 1734 
Hr system, 574 

Hr, antigen, 574 

Humalog, 1451 
Human growth hormone, 

biotechnology, 995t 
Human immunodeficiency virus, 

1140, 1219 
Humate P, 1326 
Humatin, 1668 
Humatrope, 1440 

Humidity, effect on dissolution, 681 
Humidity, relative, 182 
Humoral immune dysfunction, 

1210 
Humoral system, immunology, 

1207 
Humorsol, 1394 
Humulin N, 1451 
Humulin R, 1451 
Hund’s rule of maximum 

multiplicity, 163 
Hyaluronidase for injection, 1687 
Hybridization, 165 
Hybridized bonds, 165 
Hycamtin, 1585 

Hyclorite, 1630 
Hydralazine hydrochloride, 1352 
Hydrates, 178 
Hydration, 231 
Hydrex, 1426 
Hydriodic acid syrup, 1071 
Hydroalcoholic diluting agents, 

1071 
Hydrocarbon blend propellants, 

1008t 
Hydrocarbon propellants, 1008 
Hydrocarbon propellants, 

properties, 1003t 
Hydrochloric acid, 1086 
Hydrochlorofluorocarbon 

propellants, 1003t, 1008 
Hydrochlorothiazide, 1427 
Hydrocodone bitartrate, 1528 
Hydrocodone, structure, 434t 
Hydrocolloid dressings, 1969 
Hydrocortisone, 1447 
Hydrocortone, 1447 
Hydrocupreine, structure, 435 

Hydroflumethiazide, 1427 
Hydrofluorocarbon propellants, 

1003t, 1008 
Hydrogels, 884, 1969 
Hydrogen, chemistry, 365t 
Hydrogen bonding, 191 
Hydrogen bonds, 173 
Hydrogen electrode, 247 
Hydrogen peroxide plus steam 

sterilization, 790 
Hydrogen peroxide solution, 1628 
Hydrogen peroxide sterilization, 

790 
Hydrogenation, 425 
Hydrogen-ion concentration chain, 

247 
Hydrolysis, 275, 1030 
Hydromorphone, structure, 434t 
Hydromorphone hydrochloride, 

1528 
Hydronium-ion concentrations, 

240t 

Hydrophile-lipofile balance range 
and surfactant applica- 
tion, 331t 

Hydrophile-lipophile balance, 331 
Hydrophile-lipophile balance, 

group numbers, 333t 
Hydrophile-lipophile balance 

system, 332 
Hydrophile-lipophile balance 

values 
emulsifying agents, 331t 
emulsion ingredients, 332t 
nonionic blends, 333t 

Hydrophilic ointment, 1078 
Hydrophobic association, 221 
Hydrophobic contribution 

constants, 176t 

Hydrophobic effect, 221 
Hydrophobic interaction 

chromatography, 620 
Hydrophobic interactions, 173 
Hydroquinine, structure, 435 
Hydroquinol, 1291 
Hydroquinone, 1291 
Hydrotherapy, 2331 
Hydroxocobalamin, 1712 
Hydroxyamphetamine 

hydrobromide, 1386 
Hydroxyanisole, butylated, 1058 
Hydroxyl-ion concentrations, 240t 
Hydroxyprogesterone caproate, 

1575 
Hydroxytoluene, butylated, 1059 
Hydroxytoluene, butylated, 

crystalline, 1059 
Hydroxyurea, 1575 
Hydroxyzine hydrochloride, 1491, 

1548 
Hydroxyzine pamoate, 1492 
Hygroton, 1426 
Hylidone, 1426 
Hylorel, 1403 
Hyoscyamine, structure, 432t 

Hyoscyamine sulfate, 1408 
Hypaque-76, 1263 
Hypaque meglumine, 1263 
Hypaque sodium, 1264 
Hyperaldosteronism, primary, 1124 
Hypercholesterolemia, familial, 

1127 
Hyperconjugation, 393 
Hyperglycemia, 577 
Hyperlipoproteinemias, 1127 
Hyperparathyroidism, secondary, 

1226 
Hypersensitivity reactions, 

immunology, 1212, 1213t 
Hyperstat IV, 1352 

Hypertension, secondary, 1101 
Hyperthyroidism, 1124 
Hypertriglyceridemia, familial, 

1127 
Hypnosis, 2331 

Hypnotics, 1486 
benzodiazepine, 1495, 1496t 
miscellaneous, 1497 
nonbarbiturate, 1495 

Hypodermic equipment, 1992 
Hypoglycemia, 577 
Hypoparathyroidism, 1126 
Hypophosphorous acid, 1086 
Hypotensives, 1350 

Hypothalamus, 1123 
Hypothyroidism, 1123 
Hypoxanthine, structure, 438t 
Hypoxemia, 1102 
Hyskon, 1273 
Hytone, 1447 

Hytrin, 1400 

Ibuprofen, 1537 
Ibutilide fumarate, 1363 
Ichthammol, 1285 
Ichthymall, 1285 

Ichthyol, 1285 
Ictiol, 1285 
Idarubicin hydrochloride, 1575 
Idoxuridine, 1680 
IDU, 1680 
Ifaxol, 1582 
Ifex, 1576 
Ifosfamide, 1576 
Tlotycin, 1653 
Ilozyme, 1686t 
Imaging agents, chemistry, 385 
Imatinib mesylate, 1576 
Imidazole alkaloids, 438 

(see Alkaloids) 
Imipenem, 1648 

Imipramine hydrochloride, 1520 
Imipramine pamoate, 1520 
Imitrex, 1435 

Immunity, 1600 

Immunization 
adolescent, 1605 
adults age 65 and over, 1609 
adults under age 65, 1608 
pediatric, 1605, 1606t 
records, 1610 

Immunization schedule, childhood 
and adolescent, 1606t, 
1607t 

Immunizing agents, 1600 
active, characteristics, 1603 
biologics, characteristics, 1600 
passive, 1610 

types, 1611 

Immunizing agents active, types, 
1601 

Immunizing agents and allergenic 
extracts, 1600 

Immunoactive drugs, 1560, 1588 
Immunochemistry, analysis, 595 
Immunodeficiency, common 

variable, 1211 
Immunodeficiency syndrome, 

acquired, 1140 
Immunodeficiency syndromes, 

cellular, 1211 
Immunoelectrophoresis, 579, 631 
Immunoglobulin A deficiency, 

selective, 1211 
Immunoglobulin G, 1332 
Immunoglobulins, 578 
Immunology 

activation, 1209 

allergic reactions, 1212, 1213 
allergic reactions, agents 

causing, 1213t 

antibodies, 1206 
antirejection agents, 1218 
autoimmune disorders, 1212, 

1212t 
cells, 1208 
complement factors, 1208 
cytokines, effects, 1214t 
disorders, 1210 
graft rejection, 1217 
humoral, 1207 
hypersensitivity reactions, 1212 
hypersensitivity reactions, 

types, 1213t 

immunomodulators, 1218 
lymphocytes, 1207t 
lymphoid organs, 1206 
myeloid cytokines, 1207t 
neuro-, 1214 

principles, 1206 
research, 91 

Immunomodulators, immunology, 
1218 

Immunomodulators, other, 1560 
Immunomodulators in HIV, 1219 
Immunosuppressants for IBD, 

1315 
Immunosuppressive therapy, 1218 
Immunotherapeutics, 1216 
Immunotherapy, 1617 
Imodium, 1309 
Imogam Rabies, 1613t 
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