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I am a Pharmacist
 

O I am a specialist in medications

I supply medicines and pharmaceuticais to those who need them.

i prepare and compound special dosage forms.

I control the storage and. preservation of all medications in my care.

0 I am a custodian of medical information

My library is a ready source of drug knowledge.

My files contain thousands of specific drug names and tens of
thousands of facts about them.

My records include the medication and health history of entire families.

$¥mfiMfimfififiiWfiggfirfipgfi-§&\i§’§1c§é§§l¥?1armacy from aroundstilt? ant-1%} a H5 son:a a. r sat: at:

O I am a comymwoiéibfiflihflsifiéfiififinttit

I am a partner in the case of every patient who takes any kind of.
medication.

I am a consultant on the merits of diEferent therapeutic agents.

I am the comecting link between physician and patient and the final
check on the safety of medicines.

0 Jam (1 coanseior to the patient

I help the patient understand the proper use of prescription
medication.

I assist in the paiient’s choice of nonprescription drugs or in the
decision to c0nsuit a physician.

I advise the patient on matters of prescription storage and potency.

O lam a guardian of the public health

My pharmacy is a center for health—care information.

I encourage and promote sound personal health practices.

My services are available to all at all times.

9 This is my calling O This is my pride
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Dosage Form Design:

Biopnarmaceutic Considerations 

A5 otscusseo in the previous chapter, the biologic

response to a drug is the result of an interaction
between the drug substance and functionally im-

portant cell receptors or enzyme systems. The
response is due to an alteration in the biologic
processes that were present prior to the drug's
administration. The magnitude of the response
is related to the concentration of the drug
achieved at the site of its action. This drug con-

centration depends upon the dosage of the drug
administered, the extent of its absurption and
distribution to the site, and the rate and extent

of its elimination from the body. The physical
and chemical constitution of the drug sub-

stance—particularly its lipid sblubility, degree
of ionization, and molecular size—determines to

a great extent its ability to effect its biological
activity. The area of study embracing this rela—
tionship between the physical, chemical, and bi—
ological sciences as they apply to drugs, dosage
forms, and to drug action has been given the
descriptive term binphmmaceutics.

In general, for a drug to exert its biologic effect,
it must be transported by the body fluids, tra—

verse the required biologic membrane barriers,
escape widespread distribution to unwanted
areas, endure metabolic attack, penetrate in ade-
quate concentration to the sites of action, and
interact in a specific fashion, causing an alter-

ation of cellular function. A Simplified diagram
of this complex series of events between a drug’s
administration and its elimination is presented

in Figure 3‘1.
The absorption, distribution, biotransfomia-

tion (metabolism-Land elimination of a drug
from the body are dynamic processes that con-
tinue from the time a drug is taken until all of
the drug has been removed from the body. The
rates at which these processes occur affect the
onset, intensity, and the duration of the drug’5
activity within the body. The area of study which
eiucidates the time course of drug concentration

in the blood and tissues is termed piisrmncoki—

nettcs. It is the study of the kinetiCs of absorption,_
distribution, metabolism and excretion (ADME)

of drugs and their corresponding pharmaco-

logic, therapeutic, or toxic response in animals
and man. Fmther, since one drug may alter the
absorption, distribution. metabolism or extre-
Lion of another drug, pharrnacoldnetics also may

be applied in the study of interactions between
drugs.

Once a drug is administered and drug absorp-
tion begins, the drug does not remain in a single
body location, but rather is distributed through-
out the body until its ultimate elimina lion. For

instantze, following the oral administmtion of a
drug and its enby into the gash-ointestinal beer,

a portion of the drug is absorbed into the circula-
tory system from which it is distributed to the
various other body fluids, tissues, and organs.

From these sites the drug may return to the circu-
latory system and be excreted through the kid—
ney as such or the drug may be metabolized by
the liver or other cellular sites and be excreted

as metabolites. As shown in Figure 3—1, drugs
administered by intravenous injection are placed

directly into the circulatory system, thereby

avoiding the absorption process which is re-

quired from all other routes of administration
for systemic effects.

The various body locations to which a drug
travels may be viewed as separate compart-
ments, each containing some traction of the ad-
ministered dose of drug. The transfer of drug
from the blood to other body locations is gener-

ally a rapid process and is reversible; that is, the
drug may diffuse back into the circulation. The
drug in the blood therefore exists in equilibrium
with the drug in the other compartments. How—
ever, in this equilibrium state, the concentration
of the drug in the blood my be quite different

(greater or lesser) than the concentration of the
drug in the other compaxtments. This is due

55
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Fig. 3—1. Schematic representation of events of absorption, metabolism, and excretion of drugs after their administration
by serious routes.

largely to the physiochemjcal properties of the
drug and its resultant ability to leave the blood
and traverse the biological membranes. Certain

drugs may leave the circulatory system rapidly
and completely, whereas other drugs may do so

slowly and with difficulty. A number of drugs
become bound to blood proteins, particularly the
albumins, and only a small fraction of the drug
administered may actually be found at locations

outside of the circulatory system at a given time.
The transfer of drug from one compartment to
another is mathematically associated with a spe—

cific rate constant describing that particular
transfer. Generally, the rate of transfer of a drug
from one compartment to another is propor-
tional to the concentration of the drug in the cone
pa rtment from which it exits; the greater the con-
centration, the greater is the amount of drug
transfer.

Metabolism is the major process by which for-
eign substances, including drugs are eliminated
from the body. in the process of metabolism a
drug substance may be biotransformed into
pharmacologicaily active or inactive metabolites.
Often, both the drug substanCe and its metabo—

litels) are active and exert pharmcologic effects.
For example, the antjanxiety drug prazepam
(Centraxl metabolizes, in part, to oxazepam

(Seraxl, which also has antianxiety effects. In
some instances a pharmacologically inactive

drug (termed a pt‘atimg) may be administered
for the known effects of its active metabolites.

Dipivetrin, for example, is a prodrug of epineph-

rine formed by the esterification of epinephrine
and pivalic acid. This enhances the lipapl'ljlic
character of the drug, and as a consequence its
penetration into the anterior chamber of the eye
is 17 times that of epinephrine. Within the eyE.
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dipivefrin l-ICl is converted by enzymatic hy—
drolysis to epinephrine

The metabolism of a drug to inactive products
is usually an irreversible process which culmi—

nates in the excretion of the drug from the body,

usually via the urine. The pharo'lacokineticist
may calculate an elimbiation rate constant
(termed ltd) for a drug to describe its rate of elim-

ination from the body. The term elimination refers
to both metabolism and excretion. For drugs
which are adrrunistered intravenously, and
therefore involve no absorption process, the task

is much less complex than for drugs adminis—
tered orally or by other routes. In the latter in-
stances, drug absorption and drug elimination
are occurring simultaneously but at different
rates.

General Principles of Drug

AbsorptiOn

Before an administered drug can arrive at its
site of action in effective concentrations, it must
surmount a number of barriers. These barriers

are chiefly a succession of biologic membranes
such as those of the gastrointestinal epithelium,

lungs, blood, and brain. Body membranes are
generally classified as three main types: (3} those
composed of several layers of cells, as the skin,-
(bl those compared of a single layer of cells, as
the intestinal epithelium; and (:3 those of less
than one cell in thickness, as the membrane of a

single cell. In most instances a drug substance
must pass more than one of these membrane
types before it reaches its site of action. For in-
stance, a drug taken orally must first traverse the

gastrointestinal membranes (stomach, small and

large intestine), gain entrance into the general
circulation, pass to the organ or tissue with‘
which it has affinity, gain entrance into that tis—
sue, and then enter into its individual cells.

Although the chemistry of body membranes
differs one from another, the membranes maybe

viewed in general as a bimolecular lipoid (fat-
oantaining) layer attached on both sides to a pro-
tein layer. Drugs are thought to penetrate these
biologic membranes in two general ways: (1) by
passive diffusion and (2) through specialized

transport mechanisms. Within each of these
main categories, more clearly defined processes
have been ascribed to drug transfer.

I Passive Diffusion

The term passing riijj’usian is used to describe

the passage of (drug) molecules through a mem—

brane which behaves inerlly in that it does not
actively participate in the process. Drugs ab-
sorbed aCcording to this method are said to be

passively absorbed. The absorption process is

driven by the concentration gradient (i.e., the dif-
ferences in concentration] existing across the
membrane, with the passage of drug molecules
ocuuring primarily from the side of high drug
concentration. Most drugs pass through biologic
membranes by diffusion.

Passive diffusion is described by Fick's first
law, which states that the rate of diffusion or

tranSport across a membrane (dcfclt) is propor-
tional to the difference in drug concentration on
both sides of the membrane:

dc

‘a = Pic: — C2)

in which C1 and C2 refer to the drug concentra—
tions on each side of the membrane and P is a

permeability coefficient or constant. The term C1
is customarily used to represent the compart—
meni with the greater concentration of drug and
thus the transport of drug proceeds trom come

partrnent one (e.g., absorption site) to compart-
ment two (e.g., blood).

Because the concentration of drug at the site
of absorption (C1) is usually much greater than
on the other side of the membrane, clue to the

rapid dilution of the drug in the blood and its
subsequent distribution to the tissues, for practi-
cal purposes the value of C1 — C2 may be taken
simply as that of C1 and the equation written in
the standard form for a first order rate equation;

dc .

-a — FL}

The gastrointestinal absorption of most drugs
from solution occurs in this manner in accor—

dance with first order kinetics in which the rate is
dependent upon drug concentration, Le, dou—
bh‘ng the dose doubles the transfer rate. The
magnitude of the permeability constant, de-

pends on the diffusion coefficient of the drug,

the thickness and area of the absorbing mem-
brane, and the permeability of the membrane to
the particular drug.

Because of the lipoid nature of the cell mem—

brane, it is highly permeable to lipid soluble sub—
stances. The rate of diffusion of a drug across the

membrane depends not only upon its concentra-
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tion but also upon the relative extent of its affin-

ity for lipid and rejection of water {a high lipid
partition coefficient). The greater its affinity for

lipid and the more hydrophobic it is, the faster

will be its rate of penetration into the lipid-rich
membrane. .Erythromycin base, for example,
possesses a higher partition coefficient than
other erythromycin compounds, e.g., estolate,
gluceptate. Consequently, the base is the pre-
ferred agent for the topical tl'eatIuent of acne
where penetration into the skin is desired.

Because biologic cells are also permeated by
water and lipid-insoluble substances, it is
thought that the membrane also contains water-

filled pores or channels that permit the passage
of these types of substances. As water passes in
bulk across a porous membrane, any dissolved
solute molecularly small enough to traverse the

pores passes in by filtration. Aqueous pores vary
in size from membrane to membrane and thus in

their individual permeability characteristics for
certain drugs and other substances.

The majority of rings today are weak organic
acids or bases. Knowledge of their individual
ionization or dissociation characteristics is im-

portant, because their absorption is governed to
a large extent by their degrees of ionization as
they are presented to the membrane barriers.

Cell membranes are more permeable to the un-

ionized forms of drugs than to their ionized
forms, mainly because of the greater lipid solu-

bility of the unionized forms and to the highly
charged nature of the cell membrane which re-

sults in the binding or repelling of the ionized
drug and thereby decreases cell penetration.
Also, ions become hydrated through association

with water molecules, resulting in larger parti-
cles than the undissoctated molecule and again
decreased penetrating capability.

The degree of a drug’s ionization depends
both on the pH of the solution in which it is pre

sented to the biologic membrane and on the pig,
or dissociation constant, of the drug (whether an

acid or base). The concept of pK, is derived from
the Henderson-l-lasselbalch equation and is:

For rm and:

ionized cone. (salt)

PH = 1919 + 10%m

For a base:

P” T pK 4 log unionized conc. (base).— a ‘ ——_-___"—'_
ionized conc. (salt)

Since the pH of body fluids varies (stomach, 2

pH 1; lumen of the intestine, = pH 6.6; blood

plasma, =3 pH 7.4), the absorption of a drug from
various body fluids will differ and may dictate
to some extent the type of dosage form and the
route of administration preferred for a given
drug.

By rearranging the equation for an acid:

PK: _ PH

__ l Imionized concentration (acid)
_ Us ionized concentration (salt)

one can theoretically determine the relative ex-

tent to which a drug remains unionized under

various conditions of pH. This is particularly
useful when applied to conditions of body fluids.
For instance, if a weak and having a pK, of4 is

assumed to be in an environment of gastric juice
with a pH of l, the left side of the equation would
yield the number 3, which would mean that the

ratio of unionized to ionized drug particles

would be about 1000 to 1, and gastric absorption
would be excellent. At the pH of plasma the re-
verse would be true, and in the blood the drug
Would be largely in the ionized form. Table 3—1
presents the effect of pH on the ionization of

weak electrolytes, and Table 3~2 otters some rep-
resentative pK, values of common drug sub—
stances.

From the equation and from Table 3—1, it may
be seen that a drug substance is half iotfizod at

Table 3—1. The Effect of pH on the Ionization of
Weak Electrolytes‘

 

it: Unionized

pKa-pH if Weak Acid If Weak Base
-3.0 0.l 00 99.9
— 2.0 0.990 99.0
— l .0 9.09 90.9
- 0.7 16.6 53.4
- 0.5 24.0 76.0
— 0.2 33.7 61.3

0 50.0 50.0
+ 0.2 61 .3 33.7
+ 0.5 76.0 24.0
+ 0.7 33.4 16.6
+ 1.0 90.9 9.09
+ 2.0 99.0 0.99
+ 3.0 99.9 0.100

’ From Doluisio, ].T., and Swintosky, I.V.; Amer. l.
Plot-m, 137:149, 1965.
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Table 3-2. pK. Values for Some Acidic and Basic
Drugs

.—__________PE

Acids: Acetylsalicylic acid 3.5
Barbi lal 7.9

Benzylpenicillin 2.8
Boric acid 9.2
Dicournsrol 5.?
Phenobarbital 7.4

Phenytoin 8.3
Sullanilamide 10.4

Theophylline 9.0
Tlliopcntsl 7.6
Tolbutamide 5.5
Warfarin 4.8

Bases: Amphetamine 9.8
Apomorphine 7.0
Atropine 9.7
Caffeine 0.3

Clflordiazepoadde 1L6
Cocaine 8.5
Codeine 7.9
Guanetbidine 11.3

Morphine 7.9
Procaine 9.0

Quinine 3.4

Reserpine 6.6

a pH value which is equal to its pK.. Thus 13K.
may be defined as the pH at which a drug is 50%

ionized. For example, phenobarbital has a pK.
value of about 7.4, and in plasma (pH 7.4) it is

present as ionized and unionized forms in equal
amounts. However, a drug substance cannot

reach the blood plasma for distribution through—
out the body unless it is placed there directly
through intravenous injection or is favorably ab-
sorbed from a site along its route of entry, as the

gaso‘ointestional tract, and allowed to pass into
the general circulation. Utilizing Table 3—2 it

may be easily seen that phenobarbital, a weak
acid, with a pK. of 7.4 would be largely undjsso-
dated in the gastric environment of pH 1, and
would likely be well absorbed. A drug may enter
the circulation rapidly and at high concentra-
tions if membrane penetration is easily accom-
plished or at a low rate and low level if the drug
is not readily absorbed from its route of entry.
The pH of the drug's current environment influ-
ences the rate and the degree of its further distri-
butiori, since it becomes more or less unionized

and therefore more or less lipid—penetrating
under some condition of pH thanunder another.
if an unionized molecule is able to diffuse

through the lipid barrier and remain unionized
in the new environment, it may return to its for-
mer location or go on to a new one. However, if

in the new environment it is greatly ionized due

to the influence of the pH of the second fluid, it
likely will be unable to cross the membrane with

its former ability. Thus a concentration gradient

of a drug usually is reached at equilibrium on
each side of a membrane due to different degrees
of ionization occurring on each side. A summary
of the concepts of dissucictionfion'mafion is found in
the accompanying Physical Pharmacy Capsule.

It is often desirable for pharmaceutical scien-
tists to make structural modifications in organic
drugs and thereby favorably alter their lipid sol-
ubility, partition coefficients, and dissociation
constants while maintaining the same basic

pharmacologic activity. These efforts frequently
result in increased absorption, better therapeutic
response, and lower dosage.

Specialized Transport Mechanisms

In contrast to the passive transfer of drugs and
other substances across a biologic membrane,
certain substances, including some drugs and bi-
ologic metaboliteS. are conducted across a mem-
brane through one of several postulated special-
ized transport mechanisms. This type of transfer
seems to account for those substances, many nat-
urally occurring as amino acids and glucose, that
are too lipid-insoluble to dissolve in the bound-
ary and too large to flow or filter through the
pores. This type of transport is thought to in—
volve membrane components that may be en—
zymes or some other type of agent capable of
forming a complex with the drug {or other agent)
at the surface membrane, after which the com-

plex moves across the membrane where the drug

is released, with the carrier returning to the origi-
nal surface. Figure 3~2 presents the simplified

scheme of this process. Specialized transport
may be differentiated from passive transfer in
that the former process may become ”saturated"

as the amount of carrier present for a given sol}
stance becomes completely bound with that sub-

stance resulting in a delay in the "ferrying" or
transport process. Other features of specialized
transport include the specificity by a carrier for
a particular type of chemical structure so that
if tWO substances are transported by the same
mechanism One will competitively inhibit the

transport of the other. Further, the transport
mechanism is inhibited in general by substances
that interfere with cell metabolism. The term sc-
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Dissociation Constants 

Among the physicochemical characteristics of interest is the extent of dissociationiionization
of drug substances. This is important because the extent ot ionization has an important effect
on the formulation and pharmacoltinetic parameters of the drug. The extent of dissociation}
ionization is, in many cases, highly dependent on the pH of the medium containing the drug,
In formulation. often the vehicle is adjusted to a certain pH in order to obtain a certain levet
oi ionization of the drug for solubility and stability purposes. In the pharmacokinetic area, the
extent of ionization of a drug is an important effector of its extent of absorption, distribution,
and elimination. For the practicing pharmacist, it is important in predicting precipitation in
admixtures and in the calculating of the solubility of drugs at certain pH values. The following
discussion will present only a brief summary of dissociationfionization concepts.

The dissociation of a weak acid in water is given by the expression:
HA H H“ + A—

KtlHAl H K2[H+][A‘}

At equilibrium, the reaction rate constants K1 and K2 are equal. This can be rearranged. and
the dissociation constant defined as

K = a = [HillA‘]
a K2 [HA]

where Ka is the acid dissociation constant.

For the dissuciation of a weak base that does not contain a hydroxyl group, the following
relationship can be used:

8H" H H* + B

The dissociation constant is described by:

K = lH*l[Bl
" [Bi-F]

The dissociation of a hydroxyI-containing weak base,

B + H20 H OH‘ + BH"

The dissociation constant is described by:

Kb = [OHTJIBHW
{Bl

The hydrogen ion concentrations can be calculated for the solution of a weak acid using:

[Ht] = this

Similarly, the hydroxyl ion concentration for a solution 01 a weak base is approximated by:

[W] = M

Some practical applications of these equations are as follows.

EXAMPLE 1

The KB ot lactic acid is 1.387 X 10"“ at 25°C. What is the hydrogen ion concentration of a
0.02 M solution?

{W} = V1.33? x 10-4 x 0.02 = 1.655 x 10'3 G-toan.
EXAMPLE 2

The Kb otmorphine is 7.4 x 104. What isthe hydroxyl ion concentration of a0.02 M solution?

[OI-II = V7.4 X 10“? X 0.02 = 1.216 x 1l2l‘4 G—ionKL. 
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Fig. 3—2. Active tnmspori mechanism. D represents a
drug molecule; C represents the carrier in the mmhmrte.
(After O'Reflly, W}; Aust, J, ”term, 47563, 1956.}

tioe transport, as a subclasgification of Specialized
transport, denotes a prorrss with the additional
feature of the solute or drug being moved across

the membrane against a concentration gradient,
that is, from a solution of lower concentration to

one of a higher concentration or, if the solute is
an ion. against an electrochemical potential gra-
dient. In contrast to active transport, facilitated

drfi‘usion is a specialized transport mechanism
having all of the above characteristics except that

the solute is not transferred against a concentra+

lion gradient and may attain the same concentra—
tion inside the cell as that on the outside.

Many body nutrients, as sugars and amino
acids, are transported across the membranes of
the gastrointestinal tract by carrier processes.
Certain vitamins, as thiamine, niacin, riboflavin

and vitamin 85, and drug substances as methyl-

dopa and 5-f1uorotuacil, require active transport
mechanisms for their absorption.

Investigations of intestinal transport have
often utilized in site (at the site] or in ofoo (in

the body) animal models or ex vino (outside the
body) transport models; however, recently cell
culture models of human small-intestine absorp-
tive cells have become available to investigate

transport across intestinal epithelium} Both pa5~
sive and transport-mediated studies have been
conducted to invratigate mechanisms as well as
rates of transport.

Dissolution and Drug Absorption

In order for a drug to be absorbed, it must first
be dissolved in the fluid at the absorption site.

For instance, a drug administered orally in tablet

or capsule form cannot be absorbed until the
drug particles are dissolved by the fluids at some
point within the gastrointestinal tract. in in—
stances in which the solubility of a drug is depen—

dent upon either an acidic or basic medium, the
drug would be dissolved in the stomach or intes-
tines respectively (Fig. 3—3}. The process by
which a drug particle dissolves is termed dissolu-
tion.

As a drug particle undergoes diSSOlutiDl'l, the

drug molecules on the surface are the first to
enter into solution creating a saturated layer of

drug—solution which envelops the surface of the
solid drug particle. This layer of solution is re-
ferred to as the difiusr’on layer. From this diffusion

layer, the drug molecules pass throughout the
dissolving fluid and make contact with the bio-
logic membranes and absorption ensues. As the
molecules of d rug continue to leave the diffusion
layer, the layer is replenished with dissolved
drug from the surface of the drug particle and

the process of absorption continues.
it the process of dissolution for a given drug

particle is rapid, or if the drug is administered
as a solution and remains present in the body as
such, the rate at which the drug becomes ab-

sorbed would be primarily dependent upon its
ability to traverse the membrane barrier. How-
ever, if the rate of dissolution for a drug particle
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Fig. 3—3. Anatomical diagram showing the digestive sys—
tem including the locations involved in drug absorption and
their respective pHs.
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is slow, as may be due to the physiochemical
characteristics of the drug substance or the dos-

age form, the dissoluiion process itself would
be a rate—limiting step in the absorption process.

Slowly soluble drugs such as digoxin, may not
only be absorbed at a slow rate, they may be
incompletely absorbed, or, in some cases largely
unabsorbed following oral administration, due
to the natural limitation of time that they may
remain Within the stomach or the intestinal tract.

Thus, poorly soluble drugs or poorly formulated
drug products may result in a drug’s incomplete
absorption and its passage, unchanged, out of
the system via the feces.

Under normal circumstances a drug may be

' expected to remain in the stomach for 2 to 4
hours (gastric onptying time} and in the small in-
testines for 4 to ll} hours, although there is sub—
stantial variation between people, and even in

the same person on different occasions. Various
techniques have been used to determine gastric

emptying time and the gastrointestinal passage
of drug from various oral dosage forms, includ—

ing the tracking of dosage forms labeled with

gamma—emitting radionuclides through gamma
scmtigraphyF'B The gastric emptying time for a
drug is most rapid with a fasting stomach, be-
coming slower as the food content is increased.
Changes in gastric emptying time and/or in in-

testinal motility can affect drug transit time and
thus the opportlmity for drug dissolution and
absorption.

These changes can be effected by drugs the

patient may be taking. Certain drugs with anti-
cholinergic properties, e.g., dicyclornine HCl,
arnitriptyline HCl, have the ability to slow down

gastric emptying. This can enhance the rate of
absorption of drugs normally absorbed from the
stomach, and reduce the rate of absorption of
drugs that are primarily absorbed from the small

intestine. Alternatively, drugs which enhance

gastric motility, e.g., laxatives, may cause some
drugs to move so quickly through the gastroin-
testinal system and past their absorptive site at

such a rate to reduce the amount of drug actually
absorbed. This effect has been demonstrated

with digoxjn, whose absorption is sigruficantly
decreased by accelerating gastrointestinal mo—
tility.

The aging process itself may also influence
gastrointestinal absorption. in the elderly, gastric
acidity, the number of absorptive cells, intestinal

blood flow, the rate of gastric emptying and in-
testinal motility are all decreased. It appears,

however, that drugs for which absorption is de-
pendent upon passiVe processes are not affected

by these factors as much as those that are depere
dent upon active transport mechanisms, e.g., cal—

cium, iron, thiamine, sugars. A decrease in gas
tric emptying time would be advantageous for

those drugs that are absorbed from the stomach
but disadvantageous for those drugs which are

prone to acid degradation, e.g., penicillins, eryth-
romycin, or inactivated by stomach enzymes,
e.g., L—dopa.

The dissolution of a substance may be de-
scribed by the modified Noyes-Widtney equa-
tion:

in which dc/di is the rate of dissolution, k is the
dissolution rate constant, 5 is the surface area of

the dissolving solid, c, is the saturation concen-
tration of drug in the diffusion layer (which may

be approximated by the maximum solubility of
the drug in the solvent since the diffusion layer
is considered saturated), and et is the concentrate

tion of the drug in the dissolution medium at

time t (cS — c, is the concentration gradient). The
rate of dissolution is governed by the rate of dif-

fusion of solute molecules through the diffusion
layer into the body of the solution. The equation

reveals that the dissolution rate of a drug may
be increased by increasing the surface area (re-

ducing the particle size] of the drug, by increas-
ing the solubility of the drug in the diffusion

layer, and by factors embodied in the dissolution
rate constant, it, including the intensity of agita-
tion of the solvent and the diffusion coefficient

of the dissolving drug. For a givon drug, the dif-
fusion coetficient and usually the concentration
of the drug in the diifusion layer will increase
with increasing temperature. Also, increasing

the rate of agitation of the dissolving medium
will increase the rate of dissolution. A reduction

in the viscosity of the solvent employed is an-
other means which may be used to enhance the

dissolution rate of a drug. Changes in the pH
or the nature of the soltrent which influence the

solubility of the drug may be used to advantage
in increasing dissolution rate. Effervescent, buff—

ered aspirin tablet formulations use some of

these principles to their advantage. Due to the

alkaline adjuvants in the tablet, the solubility of
the aspirin is enhanced within the diffusional
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layer and the evolution of carbon dioxide agi—
lales the solvent system, i.e., gastric prices. Con~

sequently, the rate of aspirin absorbed into the
bloodstream is faster than that achieved from a

conventional aspirin tablet formulation. if this
dosage form is acceptable to the patient, it pro-
vides a quicker means for the patient to gain re-
lief from a troublesome headache. Many manu-

facturers will utilize a particular amorphous,
crystalline, salt or ester form of a drug that will
exhibit the solubility characteristics needed to
achieve the desired dissolution characteristics
when administered. Some of these factors which

affect drug dissolution briefly are discussed in
the following paragraphs, whereas others will be
discuSsed in succeeding chapters in which they
are relevant.

It is important to remember that the chemical
and physical characteristics of a drug substance
that can affect drugfdrug product safety, effi-

cacy, and stability must be carefully defined by
appropriate standards in an application for FDA

approval and then substained and controlled
throughout product manufacture.

Surface Area

When a drug particle is reduced to a larger
number of Smaller particles, the total surface area.
created is increased. For drug substances that are
poorly or slowly soluble, this generally results in
an increase in the role of dissolution. The actual

solubility of a pure drug remains the same.
increased therapeutic response to orally ad-

ministered drugs due to smaller particle size has
been reported for a number of drugs, amOng
them theophylline, a xanthine derivative used to
treat bronchial asthma; gliseofialvin, an antibi—
otic With antif'ungal activity; sulfisoxazole, an
anti-infective sulfonamide, and nitrofiuantoin, a

urinary anti-infective drug. To achieve increased

surface area. pharmaceutical manufacturers En.L
quently use micronizeo‘ powders in their solid
dosage form products. Micronized powders con-
sist of drug particles reduced in size to about 5
microns and smaller. The use of micronized

drugs is not confined to oral preparations. For
example, ophthalmic outta-rents and topical oint-
ments utilize oucronlzed drugs for their pre-
ferred-release characteristics and nonirritah‘ng
quality after application.

Due to the different rates and degrees of ab-
sorption obtainable from drugs of various parli—
cle size, it is conceivable that products of the
flame drug substance prepared by two or more

reliable pharmaceutical manufacturers may rte
suit in different degrees of therapeutic response
in the same individual. A classic example of this

occurs with phenytoin sodium capsules where
there are two distinct forms. The first is the

rapid-release type, Le, Prompt Phenytoin So-
dium Capsules, USP, and the second is the slow-
dissolution type, i.e., Extended Phenytoin So-
dium Capsules, USP. The former has a dissolu—
tion rate of not less than 85% in 30 minutes and

is recommended for patient use 3 to 4 times per
day. The latter has a slower dissolution rate, e.g.,
15 £035% in 30 rn'umtes, which lends itself for use

in patients who could be dosed less frequently.
Because of such differences in foundation for a

number of drugs and drug products, it is gener-
ally advisable for a person to continue taking the

same brand of medication, provided it produces
the desired therapeutic effect. Patients who are
stabilized on one brand of drug should not be
switched to another unless necessary. However,

when a change is necessary. appropriate blood

or plasma concentrau'Ons of the drug should be

monitored until the patient is stabilized on the
new product.

Occasionally, a rapid rate of drug absorption
is not desired in a pharmaceutical preparation.
Research pharmacists, in providing sustained
rather than rapid action in certain preparations,

may employ agents of varying particle size to
provide a controlled dissolution and absorption
process. Summaries of the physical chemical princi—
ples ofparticle size reduction and the relation ofp'orti—
cle size to surface ores, dissolution, and solubility may
be found in the accompanying Physical Phonnocy
Capsules.

Crystal or Amorphous Drug Form

Solid drug materials may occur as pure crys-

talline substances of definite identifiable shape
or as amorphous particles without definite struc-
ture. The amorphous or crystalline character of
a drug substance may be of considerable impor—
tance to its ease of formulation and handling,
its chemical stability, and, as has been recently
shown, even its biological activity. Certain me

djc'mal agents my be produced to erdst in either
a crystalline or an amorphous state. Since the
amorphous form of a chemical is usually more
soluble than the crystalline form, different ex-
tents of drug absorption may result with conse-
quent differences in the degree of pharmacologic
activity obtained from each. Experiences with
two antibiotic substances, novobiocin and chlor—
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Particle Size. Surface Area and Dissolution Rate 

Particle siZe has an effect on dissolution rate and solo billty. As shown in the Noyes~Whilney
equation:

dC

ET = kslce _ Cil

where dCidT is the rate ct dissolution [concentration with respect to time).
k is the dissolution rate constant

S is the surface area at the particles.
C, is the concentration of the drug in the immediate proximity oi the dissolving particle.
i.e.. the solubility of the drug.
C. is the concentration of the drug in the bulk tluid.

it is evident that the "Cs" cannot be significantly changed. the "C.” is often under sink condi-

tions {an amount ot the drug is used that is less than 20% of its solubility] and “it" comprises
many factors such as agitation. temperature. This leaves the “S." surface area. as a factor
that can attest the rate of dissolution.

An increase in the surface area ol a drug wil|,.wlthin reason. increase the dissolution rate.
Circumstances when it may decrease the rate would include a decrease in the "effective
surface area." i.e.. a condition in which the dissolving fluid would not be able to “wet" the
particles. Wetting is the first step in the dissolution process. This can be demonstrated by
visualizing a 0.75 inch diameter by 1’... inch thick tablet. The surface area of the tablet can be
Increased by drilling a series of 1/... inch holes in the tablet. However. even though the surface
area has been increased, the dissolution fluid. i.e.. water. would not necessarily be able to
penetrate into the new holes due to surface tension, etc. and displace the air. Adsorbed air
and other factors can decrease the etiective surface area of a dosage lorrn. including powders.
This is the reason that particle size reduction does not always result in an increase in dissolu-
tion rate. One can also visualize a powder that has been coniminuted to a very tine state of
subdivision and when it is placed in a beaker of water. the powder floats due to the entrapped
and adsorbed air. The "effective surface area" is not the same as the actual "surface area"

 

of the resulting powder. 

amphetu'col palmilate. have revealed that these
materials are essentially inactive when adminis-
tered in crystalline form, but when they are ad-

ministered in the amorphous form, absorption
from the gastrointestinal] tract proceeds rapidly
with good therapeutic response. lo other in-

stances, crystalline forms of drugs may be used
because of greater stability than the correspond-
ing amorphous forms. For example. the crystal—

line forms of Penicillin G as either the potassium
or sodium salt are considerany more stable than
the analogous amorphous forms. Thus, in for—
mulation work involving Penicillin G, the crys~

talline forms are preferred and result in excellent
therapeutic response.

The hormonal substance insulin presents an-
other striking example of the different degree of
activity that may result from the use of different
physical forms of the same medicinal agent. In—

sulin is the active principle of the pancreas gland

and is vital to the body’ 5 metabolism of glucose.
The hormone is produced by two means. The
first is by extraction procedures from either beef
or pork pancreas. The second process involves a
biosynthetic process with strains of Escherichia
coli, i.e., recombinant DNA. Insulin is used by

man as rcplacernent therapy. by infection, when
his body's production of the hormone is insuffi-
cient. Insulin is a protein, which. when combined

with zinc in the presence of acetate buffer, forms
an extremely insoluble zinc-insulin complex. De-
pending upon the pH of the acetate buffer solu—

tion. the complex may he an amorphous precipi—
tate or a crystalline mat-a1. Each type is

produced corrunerdally to take advantage of
their unique absorption characteristics.

The amorphous form, referred to as semflante

insulin or Prompt Insulin Zinc Suspensim, USP.
is rapidly absorbed uport intramuscular or sub-
cutaneous (under the skin} injection. The larger
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Particle Size and Solubility 

in addition to dissolution rate. surface area can affect actual solubility. within reason. For
example. in the following relationship:

'°9 5—,. = 2.303 RTr
where "S" is the solubility of the small particles.

”SD" is the solubility of the large particles.
7 is the surface tension
V is the molar volume

Fl Is the gas constant
T is the absolute temperature

5 2w ' ' l

The equation can be used to estimate the decrease in particle size required to result in an
increase in solubility. For example. for a desired increase in solubility of 5%. this would require
an increase in the SiSo ratio to 1.05. that is. the left term in the equation would become "log
_1.l‘.|5." it an exam leis used tor a powder with a surface tension of 125 dynes/cm. the molar
volume is 45 cm and the temperature is 27°C. what is the particle size required to obtain

 
the 5% increase in solubility?

log 1.05 -
(2}(125](45]

" (2.303}(s.314 x Watson):

r = 9.238 x 10’5 cm or 0.09238};

A number of factors are involved in actual solubility enhancement and this is only a basic
introduction of the general effects of particle size reduction. 

crystalline material. called ultrnlente insulin or
Extended Insulin Zinc Suspension. USP. is more

slowly absorbed with a resultant longer duration
of action. By combining the two types in various
proportions. a physician is able to provide his
patients with intermediate acting insulin of vary-
ing degrees of onset and duration of action. A
physical mixture of 70% of the crystalline form
and 30% of the amorphous form. called tents in—
sulin or Insulin Zinc Suspension. USP. is com—

mercially available and provides an intermediate
acting insulin preparation that meets the require-
ments of many diabetics.

Some medicinal chemicals that exist in crystal-
line form are capable of forming diEferent types
of crystals. depending upon the conditions (tem-
perature. solvent. time) under which crystalliza-
tion is induced. This property. whereby a single

chemical substance may eerist in more than one

crystalline form. is known as “polymorpldsm.”
It Ls known that only one form of a pure drug
substance is stable at a given temperature and
pressure with the other forms. called metastable
forms. converting in time to the stable crystalline
form. It is therefore not unusual for a metastable

form of a medicinal agent to change form even

when Present in a completed pharmaceutical
preparation. although the time required for a
complete Change may exceed the normal shelf—
ljfe of the product itself. However. from a phar-
maceutical point of view. any change in the crys—
tal structure of a medicinal agent may critically
affect the stability and even the therapeutic effi-

cacy of the product in which the conversion takes
place.

The various polymorphic forms of the same

chemical generally differ in many physical prop-
erties. including their solubility and dissolution

characteristics. which are of prime importance to
the rate and extent of drug absorption into the
body's system. These differences are manifest so

long as the drug is in the solid state Once solu-
tion is effected. the different forms are indistin-

guishable one from another. Therefore. differ-
ences in drug action. pharmaceutically and

therapeutically. can he expected from poly~
morphs contained in solid dosage forms as well
as in liquid suspension. The use of metastable
forms generally results in higher solubility and
dissolution rates than the respective stable crys-

r is the radius of the small particles. ' ||

i

Z
l

i
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ta] forms of the same drug. If all other factors
remain constant, more rapid and complete drug

absorption will likely result from the metastable
fomts than tram the stable form of the same

drug. On the other hand, the stable polymorph is
generally more resistant to chemical degradation
and because of its lower solubility is frequently

preferred in pharmaceutical suspensions of in-
soluble drugs. If metastable forms are employed
in the preparation of suspensions, their gradual
con version to the stable form may be accompa-
nied by an alteration in the consistency of the

suspension itself, thereby affecting its perma—
nency. In all instances, the advantages of the
metastable crystalline forms in terms of in—
creased physiologic availability of the drug must
be balancad against the increased product stabil-
ity when stable polymorphs are employed. Sul-
fur and cortisone acetate are two examples of

drugs that exist in more than one crystalline form
and are frequently prepared in pharmaceutical

suspensions. in fact, cortisone acetate is reported
to exist in at least five different crystalline forms.

It is possible for the commercial products of two
manulacturers to differ in stability and in the

therapeutic effect, depending upon the crystal—
line form of the drug used in the formulation.

Salt Forms

The dissolution rate of a salt form of a drug is

generally quite different from that of the parent
compound. Sodium and potassium salts of weak
organic acids and hydrochloride salts of weak
organic bases dissolve much more readily than
do the respective free acids or bases. The result
is a more rapid saturation of the diffusion layer
surrounding the dissolving particle and the con-
sequent more rapid diffusion of the drug to the
absorption sites.

Numerous examples could be cited to demon—

strate the increased rate of drug dissolution due
to the use of the salt form of the drug rather
than the free acid or base, but the following will
suffice: the addition of the ethylenecliamine
moiety to theophylline increases the water solu-

bility of lheophylline 5-fold. The use of the ethyl-
enediamine salt of theophylline has allowed the
development of oral aqueous solutions of the-

ophyiline and dinunished the need to use hydro—
alcoholic mixtures, e.g., elixirs.

Other Factors

The state of hydration of a drug molecule can
affect its solubility and pattern of absorption.

Usually the anhydrous form of an organic mole-
cule is more readily soluble than the hydrated
form. This characteristic was demonstrated with

the drug ampicillin, when the anhydrous form

was shown to have a greater rate of solubility
than the lrihydrate iorm.‘l It was also shown that
the rate of absorption for the anyhdrous form

was greater than that for the trihydrate form of
the drug.

Once swallowed, a drug is placed in the gas-
trointestinal tract where its solubility can be af-
fected not only by the pH of the environment,
but by the normal components of the tract and

the foodstuffs which may be present A drug
may interact with one of the other agents present
to form a chemical complex which may result

in reduced drug solubility and decreased drug
absorption. The classic example of this complex-
ation phenomenon is that Which occurs between
tetracycline analogues and certain cations, eg,
calcium, magnesium, altmlinum, resulting in a

decreased absorption of the tetracycline deriva-
tive. Also, if the drug becomes adsorbed onto in-
soluble material in the tram, its availability for
absorption may be correspondingly reduced.

Bioavailability and Bioequivalence

The term hioaocflrtbflity describes the rate and
extent to which an active drug ingredient or ther-

apeu tic moiety is absorbed from a drug product
and becomes available at the site of drug action.

The term binaqainalence refers to the comparison of
bioavailabilities of different formulations, drug

products, or batches of the same drug product.
The availability to the biologic system of a

drug substance formulated into a pharmaeeuti-

ml product is integral to the goals of dosage form
design and paramount to the effectiveness of the
medication. The study of a drug’5 bioavallability

depends upon the drug's absorption or entry
into the systemic circulation, and studying thE
phannacokineiic profile of the drug or its metal?
oiitels) over time in the appropriate biologic SYS‘

tem, e.g., blood, plasma, urine. Graphically, bio-
availability of a drug is portrayed by 3
concentration—time curve of the adrrunisl‘ered

drug in an appropriate tissue system, 3-3:
plasma mg. 3—4). Bioavailabillty data are used
to determine: {1) the amount or proportion Of
drug absorbed from a formulation or dosage
form; (2} the rate at which the drug was Bl?
sorbed; (3) the duration of the drug's presence 1I‘
the biologic fluid or tissue; and, when correlallflj
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become confused or upset if dispensed an alter—
nate product that differs in color, flavor, shape,
or packaging from that to which he or she has

become accustomed. Switching between prod-

ucts can generate Concern, and thus pharmacists
need to be prudent in both initial product selec-
tion and in product interchange.

Routes of Drug Administration

Drugs may be administered by a variety of
dosage forms and routes of administration, as
presented in Tables 3—5 and 3—6. One of the [1m-

darnental Considerations in dosage form design
is whether the drug is intended for local or sys—
temic effects. local effects are achieved from di-

rect application of the drug to the desired site of
action, such as the eye, nose, or skin. Systemic

effects result from the entrance of the drug into
the circulatory system and its subsequent trans-

Table 3—5. Routes of Drug Administration
 

 Term Site

oral mouth

peroral {per osll gastrointestinal tract
via mouth

sublirlgual _. under the tongue
parenteral other than the

gastrointestinal
tract (by injection)

intravenous vein

inh‘aarterial artery
intracardiac heart

intraspinal or spine
intrathccal

intraosseous bone

intraarficular joint
intrasynovial joint—fluid area
intracutaneous or skin

intradermal
subcutaneous beneath the skin
intramusmlar muscle

epicutaneous (topical) skin surface
transdermal skin surface

conjunctiva! conjunctiva
intraocular eye
inn-anneal nose
aural ear

intrarespiratory lung
rectal rectum

vaginal vagina
urethral urethra 

I The abbreviation “p.o." is commonly employed on
presmiptions to indicate to be swallowed.

port to the cellular site of its action. For systemic
effects, a drug may be placed directly into the
blood stream via intravenous injection or ab—

sorbed into the Venous circulation following
oral, or other routes of administration.

Table 3—6. Dosage Fomu'Dmg Delivery System
Application

Route of
Administration Primry Dosage Forms

oral tablets

capsules
solutions

syrups
Elixirs

suspmsions
magmas

gds
powders

sublingual tablets
troches or lozenges

 

 

 

solutions

suspensions

epicutaneous/ ointments
Iransclerrnal creams

infusion pumps
pastes
plasters
powders
aerosols
lotions

t'ransdermal patches, discs,
solutions

parenteral 

 

contact lens inserts
oinlments 

solutions

suspensions
solutions

sprays
inhalants
ointments

intraocular/
intramural

intranasal

 

 

intrarespiratory aerosols
 

rectal solutions
ohrtments

suppositories
solutions
ointments
emulsion foams
tablets

inserts, suppositories, sponge

 

vaginal

 

urethral solutions

suppositories
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Sublingual

Oral

ll
/\

OintmentA
/'-"-\Disc5 24 hrs.v...

Hi all
Intravenous

“ tablet dissolved

Buccal
t_;..r_.i_2__l__1
0123455

Hours

Fig. 3-11. Blood-level curves of nitroglycerin following
minnm'stmtr‘on of dosage forms by marinas routes. (From
Abrams, L: Nitroglycerir: and long-Acting Nitrates in Clin-
ical Practice. The American Journal of Medicine, Pro-

ceedings ofrr Symposium: First North American Conference
arr Nilmglycerr‘n Therapy. June 27, 1933. Reprinted with
Permission.)

An individual drug substance may be formu-

lated into multiple dosage forms which result
in different drug absorption rates and times of

onset, peak, and duration of action. This is dem—
onstrated by Figure 3—11 and Table 3—7, for the
drug nitroglycerin in various desage forms. The
sublingual, intravenous, and bnccal forms pre-
sent extremely rapid onsets of action whereas the
oral (swallowed), tepical ointment and topical

disc present slower onsets of action but greater
durations of action. The disc provides the longest
duration of action, up to 24 hours following ap-

plication of a single patch to the skin. The trans—
dermal ruo‘oglycerin disc a1lowr. a single daily

dose, whereas the other forms require multiple

closing to maintain drug levels within the thera-
peutic window.

The difference in drug absorption between

dosage forum is a function of the formulation
and the route of administration. For example, a

problem associated with the oral administration
of a drug is that once absorbed through the
lumen of the gastrointestinal tract into the portal
vein, the drug may pass directly to the liver and

undergo the firstqoass effect. In essence a portion
or all of the drug may be metabolized by the
liver. Consequently, as the drug is extracted by
the liver, its bioavailabilifir to the body is de—
creased. Thus, the bioavailable fraction is deter—

mined by the traction of drug that is absorbed
from the gastrointestinal tract and the fraction
that escapes metabolism during its first pass
through the liver. The bioavailable fraction (f)

is the product of these two fractions as follows:

3" = Fraction of drug absorbed

x Fraction escaping first-pass metabolism

The bioavailability is lowest, then, for those

drugs that undergo a significant first—pass effect.
For these drugs, a hepatic extraction ratio, or the
fraction of drug metabolized, E, is calculated.

The fraction of drug that enters the system circu-
lation and is ultimately available to exert its ef-
fect then is equal to the quantity [1 — B}. Table
3—8 lists some drugs according to their pharma-

cologic class that undergo a significant first-pass
effect when administered by the oral route.

To compensate for this marked effect, the drug
manufacturer may consider other routes of drug

administration, e.3., intr‘aVenous, intramuscular,
sublingual, that avoid the first-pass effect. With
these routes there will be a corresponding de-
crease in the dosage required when compared to
oral admirustration.

Table 3—1 Dosage and Kinetics of thglycerin in Various Dosage Farms‘

Nitroglyom'n, than! Recomrded Onset of Action Pack Action Domfimr
Dosage Form Dosage (mg) (Minutes) (Minutes) (Minutesflwursl

Subling'ual 0.3—0.8 2—5 4-8 16-30 minutes
Becca} 1H3 2—5 4-H] 3D~30El minutes"3
Oral 65—195 20-45 45—120 2-45 hours ’7

Ointment [2%) 19—2 inches 15—60 30—120 3—8 hours
Discs 5—10 all—60 60—130 Up to 24 hours

A Effect persists so long as tablet is intact.
:2 Some shortwterrn dosing studies have demonstrated effects to 8 hours.
1 From Abrams, 1.: Nitroglycerin and longnAc-ting Nitrates in Clinical Practice. The American Journal ufMadicine,

Proceedings of a Symposium: First North American Conference of Nihoglycerin Therapy, June 27, 1933, p. 85.

p. 18



r/!2;
 

78 Dosage Form Design: B'iophammceufic Considerations

Table 3—8. Examples of Drugs that Undergo
Significant Liver Metabolism and Exhibit Low
Bioavailability when Administered by First-pass
Routes 

 0mg Class Examples

Analgesics Aspirin, mepefidine,
pentazocine,
propowhene

Antiang‘inal Nitroglycerin
Ant-larrhy tho-tics Lidocaine
Beta-adrenergic Labetolol, metoprolol,

blockers propranolol
Calcium channel Verapamil

blockers

Sympathomimetic lsoproterenol
amines

Tricyclic Desipramine, imipramine,
antidepressants nortriptyline

Another consideration centers around the me-

tabolites themselves, and Whether they are phar-
macologically active or inactive. If they are inac-
tive, a larger oral dose will be required to attain

the desired therapeutic effect when compared to
a lower dosage in a nonfust—pass effect route.
The classic example of drug that exhibits this ef—
fect is propranolol._l.f, on the other hand, the me—
tabolites are the active'species, the oral dosage
must be carefully tailored to the desired thera—
peutic effect. First-pass metabolism in this case

will result in a quicker therapeutic rmponsc than
that achieved by a nonfirst—pass effect route.

One must remember also that the flow of

blood through the liVel' can be decreased under
certain conditions. Consequently, the bioavail~
ability of- those drugs that undergo a first—pass
effect than would be expected to increase. For
example, during cirrhosis the blood flow to the
kidney is dramatically decreased and efficient

hepatic extraction by enzymes responsible for a

drug’s metabolism also falls off. Consequently,
in cirrhotic patients the dosage of drug that
undergoes a first-pass ettect from oral admmis-
trab'on will have to be reduced to avoid toxicity.

Oral Route

Drugs are most frequently taken by oral ad-
ministration. Although a few drugs taken orally
are intended to be dissolved within the mouth,

the vast majority of drugs taken orally are swal—
lowed. Of these, most are taken for the system's

drug effects that result after absorption from the
various surfaces along the gastrointestinal tract.

A few drugs, such as antacids, are swallowed
for their local action within the confines of the

gastrointestinal tract.

Compared with alternate routes, the oral route

is considered the most natural, uncomplicated,

convenient, and safe means of administering
drugs. Disadvantages of the oral route include

slow drug response {when compared with par—
enterally administered drugs}; chance of irregu—
lar absorption of drugs, depending upon such
factors as constitutional makeup, the amount or
type of food presem within the gastrointestinal
tract; and the destruction of certain drugs by the
acid reaction of the stomach or by gastromtesti—
nal enzymes.

oosaos roasts APPLICABLE. Drugs are adminis-

tered by the oral route in a variety of pharma-
ceutical forms. The most popular are tablets, cap-
sules, suspensions, and various pharmaceutical
solutions. Briefly, tablets are solid dosage forms
prepared by compression or molding and con-
tain medicinal substances with or Without suit-

able diluents, disintegrants, coatings, colorants,
and other pharmaceutical adjuncts. Diluents are

fillers used in preparing tablets of the proper size
and consistency. Disintegrants are used for the
breakup or separation of the tablet’s com-
pressed ingredients. This ensures prompt expo-

sure of drug particles to the dissolution process
thereby enhancing drug absorption, as showri in
Figure 3—12. Tablet coatings are of several types
and for several different purposes. Some called
mitotic coatings are employed to permit safe pas-

. \
GRANULES 030“ ——_... sotunoN

DOSAGE FORM nBE]

Dislntegratlon 30

Deaggregatlon ‘
'::"

  
FINE PARTICLES .

Fig. 3-12. Schematic drawing showing disintegration of
a tablet dosage form and direct availability of the coutmis
in a capsule dosage formfor dissolution and drug obsomtiofl
after oral administration. (From Rowland, M., and Roma
TN: Clinical Fharmacokinetics. 2nd.Ed., Philadelphia;
Ina n5“ Febiger. 1989.1  
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sage of a tablet through the acid environment of
the stomach where certain drugs may be de-
stroyed, to the more suitable juices of the intes—
tines where tablet dissolution safely takes place.
Other coatings are employed to protect the drug
substance from the destructive influences of

moishire, light, and air throughout their period
of storage or to conceal a bad or bitter taste from
the taste buds of a patient. Commercial tablets,
because of their distinctive shapes, colors, and
frequently employed monograms of company

symbols and code numbers facilitate identifica-
tion by persons trained in their use and serve as
an added protection to public health.

Capsules are solid dosage forms in which the
drug substance and appropriate pharmaceutical
adjuncts as fillers are enclosed in either a hard
or a soft "shell," generally composed of a form
of gelatin. Capsules vary in size, depending

upon the amount of drug to be administered,
and are of distinctive shapes and colors when
produced commercially. Generally, drug materi-
als are released from capsules faster than from

tablets. Capsules of gelatin, a protein, are rapidly
disfigured within the gastrointestinal tract, per—

mitt‘ing the gastric prices to pmneate and reach
the contents. Because unsealed capsules have
been subject to tampering by unscrupulous indi«
viduals, many capsules nowadays are sealed by
fusion of the two capsule shells. Also, capsule—

shaped and coated tablets, called “copiers," are
increasingly u tilized. These are easily swalloived
but their contents are sealed and protected from
tempering like tablets.

Suspensions are preparations of finely divided
drugs held in suspension throughout a suitable
vehicle. Suspensions taken orally generally em-

ploy an aqueous vehicle, whereas those em—
ployed for other purposes may utilize a different
vehicle. Suspensions of certain drugs to be used
for intramuscular injection, for instance, may be

maintained in a suitable oiL To besuspended, the
drug particles must be insoluble in the vehicle in

which they are placed. Nearly all suspensions
must be shaken before use because they tend to
settle. This ensures not only uniformity of the

preparation but more importantly the adminis
tration of the proper dosage Suspensions are a
useful means to administer large amounts of
solid drugs that would be inoonvenierttly taken
in tablet or capsule form. In addition, suspen-
sions have the advantage over solid dosage

forms in that they are presented to the body in

fine particle size, ready for the dissolution pro»

cess immediately upon administration. How-
ever, not all oral suspensions are intended to be
disaolved and absmbed by the body. For in-
stance, Kaolin Mixlure with Pectin, an antidiar—

rhea} preparation, contains suspended kaolin

which acts in the intestinal tract by adsorbing
excessive intestinal fluid on the large surface
area of its particles.

Drugs administered in aqueous solution are
generally absorbed much more rapidly than
those administered in solid form, because the

processes of disintegration and dissolution are
not required. Pharmaceutical solutions may dir-
fer in the type of solvent employed and therefore
in their fluidity characteristics. Among the solu—

tions frequently administered orally are elixirs,
which are solutions in a sweetened hydroalco—
holic vehicle and are generally more mobile than
water, syrups, which generally utilize sucrose so
lutions as the sweet vehicle resulting in a viscous
preparation; and solutions themselves, which of-
ficially are preparations in which the drug sub—

stance is dissolved predominantly in an aqueous
vehicle and do not for reasons of their method

of preparation {e.g., infections, which must be
sterilized) fall into another category of pharma-
ceutical preparations.

assonrnon. Absorption of drugs after oral ad-

ministration may occur at the various body sites

between the mouth and rectum. in general, the
higher up a drug is absorbed along the length of
the alimentary tract, the more rapid will be its
action, a desirable feature in most instances. Be—
cause of the differences in the chemical and

physical nature among drug substances, a given
drug may be better absorbed from the environ-
ment of one site than from another within the

alimentary tract.

The oral cavity is used on certain occasions as

the absorption site of certain drugs. Physically,

the oral absorption of drugs is managed by al~
lowing the drug substance to be dissolved within

the-oral cavity with infrequent or no swallowing
until the taste of the drug has dissipated. This

prooem is accommodated by providing the drug
as extremely soluble and rapidly dissolving un-
coated tablets Drugs capable of being absorbed
in the mouth present themselves to the absorbing
surface in a much more concentrated form than

when swallowed, since drugs become [31‘0ng
sively more diluted with gastrointestinal secrea

tions and contents as they pass along the alimen-
tary tract.

Currently the ore] or sublingual (beneath the
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tongue} administration of drugs is regularly em—
ployed for only a few drugs, with nitroglycerin
and certain steroid sex hormones being the best

examples. Nitroglycerin, a coronary vasodilator
used. in the prophylaxis and treatment of angina
pectoris, is available in the form of tiny tablets
which are allowed to dissolve under the tongue,
producing therapeutic effects in a few minutes
after administration. The dose of nitroglycerin is
so small [usually 400 meg} that if it were swal-
lowed the resulting dilute gastrointestinal con~

centration may not result in reliable and suffi—
cient drug absorption. Even more important,
however, is the fact that rdtroglycerin is rapidly
destroyed by the liver throught the first—pass ef-
fact. Many sex hormones have been shown to be
absorbed materially better from sublingual ad-
ministration lhau‘l when swallowed. Although
the sublingual route is probably an effective ab-
sorption route for many other drugs, it has not
been extensively used, primarily because other

routes have proven satisfactory and more con-
venient for the patient. Retaining drug sub-
stances in the mouth is unattractive because of

the bitter taste of most drugs.

Drugs may be altered Within the gastrointesti-
nal tract to render them less available for absorp-
tion. This may result from the drug's interaction

with or binding to some normal mnsfiment of
the gastrointestinal tract or a foodstuff or even
another drug. For instance, the absorption of the
tetracycline group of antibiotics is greatly inter—
fered with by the simultaneous presence of cal-
cium. Because of this, tetracycline drugs must
not be taken with milk or other calcium-

containing foods or drugs. .
In some instances it is the intent of the pharma-

cisl to prepare a formulation that releases the
drug slowly over an extended period of time.
There are many methods by which slow release

is accomplished, including the complexation of
the drug with another material, the combination
of which is only slowly released from the dasage
form. An example of this is the siow«release
waxy matrix potassium chloride tablets. These
are designed to release their contents gradually

as they are shunted through the gastrointestinal
tract. Because their contents are leached out

gradually there is less incidence of gastric irrita—
tion. The intermingling of food and drug gener-
ally results in delayed drug absorption. Since

most drugs are absorbed more effectively from
the intestines than from the stomach, when rapid
absorption is intended, it is generally desirable

to have the drug pass from the stomach into the

intestines as rapidly as possible. Therefore, gas-
tric emptying time is an Important {actor in ef—

fecting drug action dependent upon intestinal

absorption. Gastric emptying lime may be in-

creased by a number of factors, including the
presence of fatty foods (more effect than pro-
teins, which in turn have more effect than carbo—

hydrates), lying on the back when bedridden

{lying on the right side facilitates passage in
many instances), and the presence of drugs (for

example, morphine) that have a quieting effect
on the movements of the gastrointestinal tract. [f
a drug is administered in the form ofa solution,it
may be expected to pass into the intestines more

rapidly than drugs administered in solid form.
As a rule, large volumes of water taken with

medication facilitate gastric emptying and pas—
sage into the intestines.

The pH of the gastrointestinal tract increases

progressively along its length troma pH of about

1 in the stomach to approximately pH 8 at the far

end of the intestines. pH has a definite bearingon
the degree of ionization of most drugs, and this

in turn affects lipid solubility, membrane perme-
ability and absorption. Because most drugs are
absorbed by passive diffusion through the lipoid
barrier, the lipid/water partition coeffident and

the pK. of. the drugs are of prime importance to
both their degree and site of absorption within
the gastrointestinal tract. As a general rule, weak
acids are largely unionized in the stomach and

are absorbed fairly well from this site, whereas
weak bases are highly ionized in the stomach

and are not significantly absorbed from the gas-
tric surface. Alkalinization of the gastric environ-
ment by artificial means (simultaneous adminis-
tration of alkaline or antacid drugs) would be

expected to decrease the gastric absorption of
weak acids and to increase that of weak bases.

Strong acids and bases are generally poorly ab-
sorbed due to their high degrees of ionization.

The small intestine serves as the major absorp-
tion pathway for drugs because of its suitable

pH and the great surface area available for drug
absorption within its approximate 20-foot length
extending from the pylorus at the base of the

stomach to the junction with the large intestine at
the rec-um. The pH of the lumen of the intestine is

about 6.5 (see Fig. 3-3) and both weakly acidic
and weakly basic drugs are well absorbed from
the intestinal surface, which behaves in the ioni-

zation and distribution of drugs between it and
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the plasma on the other side of the membrane
as though its pH were about 5.3.

Rectal Route

Some drugs are administered racially for their
local effects and others for their systemic effects.

Drugs given rectally may be administered as so—
lutions, su ppositories, or ointments. Suppositories
are defined as solid bodies of various weights

and shapes intended for introduction into a body

orifice (usually rectal, vaginal, or urethral) where
they soften, melt, or dissolve, release their medi-
cation, and exert their drug effects. These etieets

simply may be the promotion of laxation (as with

glycerin suppositories), the soothing of inflamed
tissues (as with Various commercial Supposito-
ries used to relieve the discomFOrt of hemor-

rhoids), or the promotion of systemic effects (as
antinausea or antimotion sickness). The compo-

sition of the suppository base, or carrier of the
medication, can greatly influence the degree and
rate of drug release and should be selected on an

individual basis for each drug. The use of rectal
omtments is generally limited to the treatment
of local conditions. Rectal solutions are usually

employed as enemas or cleansing solutions.
The rectum and the colon are capable of ab-

sorbing many soluble drugs. Rectal admhusu'ap
tion for systemic action may be preferred for

those :1 rugs destroyed or inactivated bythe envi—
ronments of the stomach and intestines. The ad-

ministration. of drugs by the rectal route may also
be indicated when the oral route is precluded

because of vomiting or when the patient is un-
conscious or incapable of swallowing drugs

safely without choking. It is estimated that about
50% of a dose of drug absorbed from rectal ad—

ministration is likely to bypass the liver, an im—
portant factor when censidering those orally ad-
ministered drugs that are rapidly destroyed in

the liver by the first-pass Effect. On the negative
side, compared with oral administration, rectal
administration of drugs is inconvenient, and the

absorption of drugs born the rectum is fre-
quently irregular and difficult to predict

Parenteral Route

The term parenteral is derived from the Greek

words pars, meaning beside, and enter-art, mean-

ing intestine, which together indicate something
done outside of the intestine and not by way of
the alimentary tract. A drug administered pareno

terally is one injected through the hollow of a
fine needle into the body at various sites and

to various depths. The three primary routes of
parenteral administration are subcutanemis, in-
tramuscular HM), and intravenous {1.V.) al—

though there are others such as intracardiac and

intraspinal.
Drugs destroyed or inactivated in the gastroin—

testinal tract or too poorly absorbed to provide
satisfactory response may be parenterally ad-
ministered. The parenteral route is also preferred
when rapid absorption is essential, as in emer-
gency situations. Absorption by the parenteral
route is not only faster than alter oral administra—
tion, but the blood levels of drug that result are

far more predictable, because little is lost after
subcutaneous or intramuscular injection, and
virtually none by intravenous injection; this also

generally permits the administration of smaller
doses. The parenteral route of administration is
especially useful in treating patients who are un—
cooperative, unconscious, or otherwise unable to
accept oral medication. '

One disadvantage of parenteral administra-

tion is that once the drug is injected, there is no
retreat. That is, once the substance is within the

tissues or ‘m placed directly into the blood stream,
removal of the drug warranted by an untoward
or toxic effect or an inadvertent overdose is most

difficult. By other means of administration, there
is more time between drug administration and

drug absorption, which becomes a safety factor
by allowing for the extractiou of unabsorbed
drug (as by the induction of vomiting after an

orally administered drug). Also, because of the
strict sterility requirements for all injections, they
are generally more expensive than other dosage

forms and require competent trained personnel
for their proper administration.

oasaoe roams arrucaate Pharmaceutically,
inject-able preparations are usually either sterile

suspensions or solutions of a drug substance in
water or in a suitable vegetable oil. in general,

drugs in solution act more rapidly than drugs in

suspension, with an aqueous vehicle providing
faster action in each instance than an oleaginous

vehicle. As in other instances of drug absorption,
a drug must be in solution to be absorbed, and

a suspended drug must first submit to the disso'
lot-ion process. Also, because body fluids are
aqueous, they are more receptive to drugs in an

aqueous vehicle then those in an oily one. For
these reasons, the rate of drug absorption can be

varied in parenteral products by selective combi-
nations of drug state and supporting vehicle. For
instance, a suspension of a drug in a vegetable
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Fig. 3—19. Computerized gas chmtogmpiry mass spec—
trometry used in biounalyticol studies. Consists of Hewlett
Packard Gus Chramtogmfl [Model 5890 A) and VG Mass
Spectrometer (Model LlG 12—250}. (Carma? ofElmr Corpo—
ration, pic.)

 
Fig. 3m20. Assay of biological fluids using Waters HPLC
{High Perfumes Liquid Chromatography) system core
sfsh'ng offfrom left to right) Autoscmpler {Model 712 Wisp},
Pump (Model M45), Shimudzu Fluorescence Detector
[Model RF-535}. (Courtesy of Elan Corporation, pic.)

the minimum effective concentration. If on the

other hand this medicine is only administered

every 4 hours during the waking hours, it is pos-
sible that the minimum concentration will fall
below effective levels between the at-bedtime

dose and the next morning dose. Consequently,
the patient may awaken in the middle of the

night and exhibit an asthma attack.
Patients can be monitored pharmacolo-

netically through appropriate plasma, serum or
blood samples, and many hospital pharmacies

have implemented pharmacok‘metic dosing ser~
Vices. The intent is to maximize drug efficacy,
minimize drug toxicity and keep health care
costs at a minimum. Thus, for example, compli-
cations associated with overdose are controlled

or drug interactions that are known to oceur, e.g.,
smoking-theophylline, can be accommodated. In

these services, for example, once the physician
prescribes a certain amount of drug and moni—

tors the Clinical response, it is the clinical phar-
macist who coordinates the appropriate sample
time to deterrrdne drug concentration in the ap-

propriate body fluid. After the level of drug is
attained, it is the clinical pharmacist who inter-

prets the remit, and consults with the physician
regarding subsequent dosages.

Phanmcokinetic research has demonstrated

that the determination of a patient’s dosage regi—
men depends on numerous factors and daily

dose formulas ends! for a number of drugs that
must be administered on a routine maintenance

schedule, e.g., digoxin, procainamide, theophyl—
line. For certain drugs such as digmo'n, which

are not highly lipid soluble, it is preferable to use

a patients lean body weight (LBW) rather than
total body weight (TBWi to provide a better esti—
mate of the patient’s volume of distribution. Al-

ternatively, even though pharmacoldneb'c dos

i113 formulas may exist, one must be cognizant
that patient factors may be more relevant. For
example, with the geriatric patient it is advisable

to begin drug therapy with the lowest possible
doae and increase the dosage as necessary in
small increments to optimize the patient’s clini-

‘cal response. Then the patirmt should be moni-

torad for drug efficacy and reevaluated periodi-
cally.

Examples of bioanalyrical. research laborato-
ries are shown in Figures 3-19 and 3—20.
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Dcsage Form Design: General

Considerations, Pharmaceutic ingredients,

and Current Good Manufacturing Practice

Deco sossrmcss are seldom administered

alone, but rather as part of a formulation in com-
bination with one or more nonmedical agents

that serve varied and specialized pharmaceutical
functions. Through selective use of these nonme-

dicinal agents, referred to as pharmaceutic fugrcdi~

ants, dosage forms of various types result. The

pharmaceutic ingredients solubilize, suspend,
thicken, dilute, emulsify, stabilize, preserve,

color, flavor, and fashion medicinal agents into

efficacious and appealing dosage forms. Each

type of dosage form is unique in its physical and
pharmaceutical characteristics. These varied
preparations provide the manufacturing phar-
macist with the challenges of formulation and

the physician with the choice of drug and drug
delivery system to prescribe. The general area of

study concemed with the formulation, manufac—
ture, stability, and effectiveness of pharmaceuti-
cal dosage forms is termed plianneosutics.

The proper design and formulation of a dos-

age form requires consideration of the physical,
chemical and biological characteristics of all of

the drug substances and pharmaceutic ingredi-
ents to be used in fabricating the product. The

drug and pharmaceutic materials utilized must

be compatible with One another to produce a

drug product that is stable, efficacious, attrae
live, easy to administer and safe. The product

should be manufachired under appropriate mea-
sures of quality control and packaged in contain-
ers that contribute to product stability. The prod-

uct should be labeled to promote correct use and
be stored under conditions that contribute to
maximum shelf life.

Methods for the preparation of specific types

of dosage forms and drug delivery systems are
'described in subsequent chapters. This chapter
presents some general considerations regarding

'pharmaceutic ingredients, drug product formu—

lation, and standards for good manufacturing

practice.

The Need for Dosage Forms

The potent nature and low dosage of most of
the drugs in use today precludes any expectation
that the general public could safely obtain the

appropriate dose of a drug from the bulk mate
rial. The vast ntajotity of drug substances are ad-
ministered in milligram quantifies, much too
small to be weighed on anything but a sensitive
laboratory balance. For instance, how could the
layman accurately obtain the 325 mg 0r 5 gr of
aspirin found in the common aspirin tablet from

a bulk supply of aspirin? He couldn’t. Yet, com-
pared with many other drugs, the dose of aspirin
is formidable {Table 4—1}. For example, the dose

of ethinyl estradiol, 0.05 mg, is 1/6500 the
amount of aspirin in an aspirin tablet. To put it
another way, 6500 ethinyl estradiol tablets, each
containing 0.05 mg of drug, could be made from
an amount of ethinyl estradiol equal to the
amount of aspirin in just one 325 mg aspirin tab-
let. When the dose of the drug is minute, as that

for ethinyl estradiol, solid dosage forms such as
tablets and capsules must be prepared with fill-
are or diluents so that the size of the resultant

dosage unit is large enough to pick up with the
fingertips.

Besides providing the mechanism for the safe
and convenient delivery of accurate dosage, dos-

age forms are needed for additional reasons:

1. For the protection of a drug substance from
the destructive influences of atmospheric ox-
ygen or humidity (e,g., coated tablets, sealed

ampuls}.
2 For the protection of a drug substance from

the destructive influence of gastric acid after
oral adnfinlstraldon (e.g., enteric~coated tab-
lets).
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Table 4-1. Examples of Some Drugs with
Relatively Low Usual Doses

Usual

Dose,

Drug mg Category

Lithium Carbonate SUD Antidepressant
Famous Sulfate 300 Hematinic
Cimctidine 300 Anu‘ulcer

Ibuprofen 300 Anfiirdlammatory
Amoxiclllin 250 Antibacterial

Erytluornycin 250 Antibacterial
Nitrofurantoin 10E! Antibacterial

{urinary}
l’ropoxy-phene HQ 65 Analgesic
Thyroid so Thy-mid
Hydrochlorothiazidc 50 Diuretic
Codeine Phosphate 38 Analgesic
Phenobarbital 30 Sedative

Chlorpromazine HCI 25 Tranquilizer
Diphenhyd lamina HCI 25 Antihistaminic
Morphine Sulfate 10 Narcotic analgesic
Prednisolonc 5 Adrenocorfical

steroid

Chlorphmiramine Ii Anfihistaminic
Malcalo

Colchidne I15 Gout suppressant
Nib‘ogljtcerin 0.4 Aniianginal
[)igoxin 0.25 Cardiotonjc

(maintenance)

chothy'roxine 0.1 Thyroid
Ethinyl Estradiol 0115 Estrogen

3. To conceal the bitter, salty, or offensive taste
or odor of a drug substance (cg, capsules,

coa ted tablets, flavored syrups).

4. To provide liquid preparations of substances
that are either insoluble or unstable in the

desired vehicle {c.g., suspensions).

5. To pIOVidc clear liquid~'dosage forms of sol}
stances (c.g., syrups, solutions).

6. To proVide time-controlled drug action (e.g.,

various controlled-release tablets, capsules,
and suspensions).

?. To provide optimal drug action from topical
administration sites (8.3., ointtnents, creams,
transdcrmal patches, ophthalmic, ear, and
naSal preparations).

3. To provide for the insertion of a drug into

one of the body’s orifices (raga, rectal or vagi-
nal suppositories}.

9. To provide for the placement of drugs di-

rectly into the bloodstream or into body fis-

sucs (c.g., injections).
10. To provide for optimal drug action through

 
inhalation therapy (e.g., inhalants and inha—
lation aerosols).

General Considerations in Dosage

Form Design

Before formulating a drug substance into a
dosage form, it is important to predetermine the

desired product type insofar as possible in order

to establish the framework for product develop-
ment activities. Then, various initial formula-

from of the product are developed and exaim'ned
for desired features (c.g., drug release profile,
bioavailability, clinical effectiveness) and for

pilot plant studies and production scale-up. The
fonnulation that best meets the goals for the
product is Selected and represents its master for—

mula. Each batch of product subsequently pre-
pared must meet the specifications established
in the master formula.

There are many different forms into which a

medicinal agent may be placed for the conven-
icnt and efficacious treatment of disease (Table

3—6). Most commonly, a pharmaceutical manu—
facturer prepares a drug substance in several
dosage forms and strengths for the efficacious
and convenient b'cairncnt of disease (F1344).
Before a medicinal agent is formulated into one
or more dosage forms, among the factors consid-
ered are such therapeutic matters as: the nature
of the illness, the manner in which it is generally
treated, locally or through systemic action, and
the age and anticipated condition of the patient.

If the medication is intended for systemic use
and oral ad ministration is desired, tablets andf

or capsules are generally prepared. These dosage

units are easily handled by the patient and are
most convenient in the self-administration of

medication. If a drug substance has application
in an emergency situation in which the patient
may be comatose or unable to take oral medica-

tion, an injectable form of the medication may
also be prepared. Many other examples of thera-
peutic situations‘affecting dosage form design
could be cited, including the preparation of
agents for motion sicknefi, nausea, and vomiting

into tablets and skin patches {or prevention and
suppositories and injections for treatment.

The age of the intended patient also plays a
role in dosage form design. For infants and chil-

dren under 5 years of age, pharmaceutical liq-
uids rather than solid dosage forms are preferred
for oral administration. These liquids, which are
generally flavored aqueous solutions, syrups or
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Fig. 4—1. Examples 0f varied dosage forms of a drug substance marketed by a pharmaceutical manufacturer to meet the
Special requirements of the patient. (Courtesy of Smithifliue Beeches!)

suspensions, are usually administered directly I
into the infant’s or child’s mgoth by drop, spoon,
or oral dispenser (Fig. 4—2}'or incorporated into
the child’s food. A single liquid pediatric prepa-
ration may be used for infants and children of

all ages, with the dose of the drug varied by the
volume administered. When an infant is in the

throes of a vomiting crisis, is gagging, has a pro—

duciive cough, or is simply rebellious, there may
be some question as how much of the medicine
administered is actually swallowed and how
much is expectorated. In such instances, injec-
tions may be required. Infant size rectal supposi-
tories may also be employed although drug ab-
sorption from the rectum is often erratic.

During childhood and even in adult years,
a person may have difficulty swallowing solid

dosage forms, especially uncoated tablets. For

this reason, some medications are formulated as

chewable tablets that can be broken up in the ‘
mouth before swallowing. Many of these tablets
are comparable in texture to an after-dinner mint

and break down into a pleasant tasting, creamy
material. Capsules have been found by many to
be more easily swallowed than whole tablets. If a
capsule is allowed to become moist in the mouth
before swallowing, it becomes slippery and
slides down~the throat more readily with a glass

of water. In instances in which a person has diffi-
culty swallowing a capsule, the contents may be

emptied into a spoon, mixed with jam, honey, .
or other similar food to mask the taste of the

medication and swallowed. Some older persons
have difficulty in swallowing and thus tablets
and capsules are frequently avoided. Medicae
tions intended for the elderly are commonly for—

p. 27
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Fig. 4—2. ”Pee Dee Dose" brand of oral liquid dispenser
used to administer mmsurni wlumes of liquid eradication
to youngsters. {Courtesy of Bern Corporation)

Inulated into oral liquids or may be extempora—
neously prepared into an oral liquid by the
pharmacist.

Many patients. particularly the elderly, take
multiple medications daily. The more distinctive

the size, shape, and color of solid dosage forms,

the easier is the proper identification of the medi—
cations. Frequent errors in taking medications
among the elderly occur because of their multi—
ple drug therapy and reduced eyesight. Dosage
forms that allow reduced frequency of admonis-
tration without sacrifice of efficiency are particu-
larly advantageous.

in dealing with the problem of formulating a
drug substance into a proper dosage form, re—
search phannacists employ knowledge that has

been gained through experience with other
chemically similar drugs and through the proper

utilization of the disciplines of the physical,
chemical, and biologic and pharmaceutical sci—
ences. The early staga of any new formulation
involves studies to collect basic information on

the physical and chemical characteristics of the
drug substance to be prepared into pharmaceuti-
cal dosage forms. These basic studies comprise
the prefarmulstion work needed before actual

product formulation begins.

Preformulatian Studies

Before the formulation of a drug substance

into a dosage it is essential that it be chemically

and physically characterized. The following pre—

formulafion studies} and others, provide the type
of information needed to define the nature of the

drug substance. This information then provides
the framework for the drug’s combination with

pharmaceutic ingredients in the fabrication of a
dosage form.

Physical Description

It is important to have an understanding of the
physical description of a drug substance prior to
dosage form development. The majority of drug
substances in use today occur as solid materials.

Most of them are pure chemical compounds of
either crystalline or amorphous constitution. The

purity of the chemical substance is essential for
its identification as well as for the evaluation of

its chemical, physio-ll, and biologic properties.
Our parameter in determining chmicel purity is

melting point depression. the physical phannacy con-
cept of which is summarised in the accompanying

Physical lemmcy Capsule. Liquid drugs are used
to a much lesser extent than solid drugs; gases,

even less frequently.

Among the few liquid medicinal agents in use
today are the following:

Amyl nitrite, vasodilator by inhalation
Castor oil, cathartic

Clofibrate, antihyperlipidemic
Dimercaprol, antidote for arsenic, gold, and

mercury poisoning

Dhnethylsulfoxide, analgesic in interstitial
cystitis

Ethchlorvynol, hypnotic

Glycerin, cathartic in suppository form
Mineral oil, cathartic

Nitroglycerin (as tablets), anti-anginal
Paraldehyde, sedative—hypnotic
Paramethadione, anticonvuisant

Prochlorperazine, tranquilizer and antiemefic
Propylhexedrine, vasoconstrictor by nasal in-

halafion

Undecyienic acid, fungistau'c agent

Liquid drugs pose an interesting problem in
the design ofdosage forms or drug delivery sys-
tems. Many of the liquids are volatile substances
and as such must be physically sealed from the
atmosphere to prevent their loss. Amyl nitrite,
for example, is a clear yellowish liquid that is
volatile even at low temperatures and is also

highly flammable. It is maintained for medicinal
purposes in small sealed glass cylinders
wrapped with gauze or another suitable mate
rial. When amyl nitrite is administered, the glass

is broken between the fingertips and the liquid

1
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Melting Point Depression

The melting point. or freezing point. at a pure crystalline solid Is defined as that temperature
where the pure liquid and solid exist in equilibrium. This characteristic can be used as an
Indicator of purity of chemical substances (a pure substance would ordinarily be characterized
by a very sharp melting peak).

The latent heat a! fusion is the quantity of heat absorbed when 1 g of a solid melts; the molar
heat of fusion (AH,) Is the quantity of heat absorbed when 1 mole of a solid melts. High-
melting-point substances have high heats of fusion and low—melting-polnl substances have
low heats of tusio n. These characteristics are related to the types of bonding in the specific
substance. For example. Ionic materials have high heels of fusion (NaCl melts at 801°C with
a heat of fusion of 124 caifG) and those with weaker van der Waals ioroes have low heats
of fusion (paraffin melts at 52‘C with a heat oi fusion of 35.1 callg}. ice, with weaker hydrogen
bonding, has a melting point of 0‘0 and a heat of fusion of 30 calJG.

The addition of a second component to a pure compound {A}. resulting in a mixture, will result
in a melting point that is lower than that of the pure compound. The degree to which the
melting point is lowered is proportional to the mole fraction (N...) of the second component
that is added. This can he expressed as:

AT:

where AHF is the molar heat of fusion.

Ft is the gas Constant

component.

mall ng points}.

wets the gauze covering, producing vapors that
are inhaled by the patient requiring vasodilation.

Propylhexedrine provides another example of a
volatile liquid drug that must be mntainod in a
closed system to maintainits presence. This drug
is used as a nasal inhalant for its vasocmtstrictor

action. A cylindrical roll of fibrous material is

impregnated with propylhcxedrinc, and the sat
urated cylinder is placed in a suitable, generally
Plastic, sealed nasal inhaler. The inhalct’s cap
must be securely tightened each time it is used.
Even then, the inhaler maintains its eEfectiveness

for only a limited period of time due to the 1vola-
tillzation of the drug.

Another problem associated with liquid drugs

2.303 FlTTu |
AH, °9 N“

T is the absolute equilibrium temperature,
To is the melting point of pure A. and

Two things are noteworthy in contributing to the extent of melting—point lowering.

1. Evident from this relationship is the Inverse proportion between the melting point and
the heat of fusion. When a second ingredient is added to a compound with a low molar
heat of fusion, a large lowering of the melting point is observed; substances with a high
molar heat of fusion will show little change in melting point with the addition of a second

2. The extent of lowering of the melting point is also related to the melting point itself.
Compounds with low melting points are affected to a greater extent than compounds
with high melting points upon the addition of a second component (I.a., low-melting-point
corn ounds will-"result in a greater lowering of the melting point than those with high

is that those intended for oral admirdstrau'on

cannot generally be formulated into tablet form,

the most popular form of oral medication, with—
out undertaking chemical modification of the

drug. An exception to this is the liquid drug ni-
troglycerin, which is formulated into sublingual
tablets that disintegrate within seconds after

placement under the tongue. However, because
the drug is volatile, it has a tendency to escape

from the tablets during storage and it is critical
that the tablets be stored in tightly sealed glass
containers. For the most part, when a liquid drug
is to he adrrdnistered orally and a solid dosage

form is desired. two approaches are used. First.
the liquid substance may be sealed in a soft gela-

__-.—-__...a:',;:'._'..._..'_.._._...._',—'._‘._
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tin capsule. Paramedradione (Paradione) and

edichlorvynol CPlacidyD are examples of liquid
drugs commercially available in capsule form.
Secondly, the liquid drug may be developed into
a solid ester or salt form that will be suitable

for tableting or drug encapsulating. For instance,

scopolamine hydrobromide is a solid salt of the
liquid drug scopolamine and is easily produced
into tablets.

For certain liquid drugs, especially those em-
ployed orally in large doses or applied tepically,
their liquid nature may be of some advantage in
therapy. For example, 15-mL doses of mineral
oil may be administered conveniently as such.
Also, the liquid nature of undecylenic acid cer«
tairdy does not hinder but rather enhances its use

topically in the treatment of fungus infections
of the skin. However, for the most part, solid

materials are preferred by phannacists in formu-
lation work because of their case of preparation
into tablets and capsules.

Formulation and stability difficulties arise less
frequently with solid dosage fonns than with liq-
uid pharmaceutical preparations, and for this
reasori many new drugs first reach the market
as tablets or dry-filled capsules. Later, when the
pharmaceutical problems are resolved, a liquid
form of the same drug may be marketed. This

procedure, when practiced, is doubly advanta-
geous, because for the most part physicians and
patients alike prefer small, generally tasteless,
acourately dosed tablets or capsules to the analo-

gous liquid forms. Therefore, marketing a drug
in solid form first is more practical for the manu«
lecturer and also suits the majority of patients.
It is estimated that tablets and capsules comprise

the dosage form dispensed 70% of the time by
conununity pharmacists, with tablets dispensed
twice as frequently as capsules

Microscopic Examination

MicroscOpic examination of the raw drug sub-
stance is an unpofiant step in preformulation
work. It gives an indication of particle size and

particle size range of the raw material as well as
Ihe crystal structure. Fhotomiuographs of the
initial and subsequent batch lots of the drug
substance can provide important information
should problems ariSe in fonmilafion processing

attributable to changes in particle or crystal char
acteristics of the drug.

Particle Size

Certain physical and chemical properties of

drug substances are affected by the particle size
distribution, including drug dissolution rate,

bioavailability, content uniformity, taste, text-umr
color, and stability. In addition, properties Such

as flow characteristics and Sedimentation rang,
among others, are also inlportant factors related

to particle size. It is essential to establish as early
as possible how the particle size of the drug sub-
stance may affect formulation and product efific

cacy. Of special interest is the effect of Particle
size on the drug’s absorption. Particle size has
been shown to significantly influence the oral
absorption profiles of certain drugs as griseoful.
vin, nitrof-urantoin, spironolactone, and prOcaine

Satisfactory content Luu'formity in solid dosage
forms depends to a large degree on particle size
and the equal distribution of the active org-redi—
ent throughout the formulation.

There are several methods available to evalu-

ate particle size and distribution including also
ing or screening, microscopy, sedimentation,

and stream scanning. For powders in the range
of approximately 44 microns and greater, sieving
or screening is the most widely used method of
size analysis. The difficulty with using this

method early in the preformulation program is
the requirement of a relatively large sample size.
The main advantage of the sieve method is sim-

plicity, both in technique and equipment re

quirements. Optical microscoPy is frequently the
first step in the determination of particle size and

shape for the new drug substance. This is usually
a qualitative assessment since quantitation by
the microscope technique is tedious and time
consuming. A key element in utilizing the micro-
scope for particle size determination is prepara—

‘ tion of the slide. It must be representative of the
bulk of the material and be properly suspended

and thoroughly dispersed in a suitable liquid
phase. In order to do a quantitative particle size
evaluation a minimum of was of the particles
should be counted.

Sedimentation techniques utilize the relaticm-

ship between rate of fall of particles and their
size. Teclmiques utilizing devices that continu-
ously collect a settling 5u5pension are used
These methods share the disadvantage of the mi-

croscope technique in that it is tedious to obtain
the data. Also, proper diapersiOn, consistent
sampling, temperature control, and other experi-
mental variables must be carefully controlled in
order to obtain consistent and reliable results.

Stream scanning is a valuable method for de'
lem'I-ll' U1. ‘8 Particle size distribution of P51de -
drug substances. This technique utilizes a fluid
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suspension of particles which pass the seas
ing some where individual particles are sized,
counted, and tabulated. Sensing units may be

based on light scattering or transmission, as well
as conductance. Twu popular units in the phar—

maceutical industry for this purpose are the
Coulter Counter and Hiac Counter. Both units

electronically size, count, and tabulate the indi-
vidual particles that pass through the sensing
zone. This technique has obvious advantages in
that data can be generated in a relatively- short
time with reasonable accuracy. Thousands of

particles can be counted in seconds and used to
determine the size distribution curve. Allsirearn

scanning units convert the particles to eifective
diameter, and therefore have the shortcoming
of not providing information relative to particle
shape. Nevertheless, stream scanning methods

are powerful tools and can be used for evaluation
of such parameters as crystal growth in suspen—
sion iorrmdations.

Particle size is discussed further in the next

chapter.

Partition Coefficient and Dissociation
Constant

As discussed in the previous chapter, in order
to produce a biological response, the drug mole-
cule must first cross a biological mentibrane. The
biological membrane acts as a lipid bender to

most drugs and permits the absorption of lipid
soluble substances by passive diffusion while
lipid insoluble substances can diffuse across the
barrier only with considerable difficulty, 1'! at all.
The hater-relationship of the dissociation con-

stant, lipid solubility, and pH at the absorption
site and absorption characteristics of various
drugsarethebasisofthepI-I- " ntheory.

The oil/water partition coefficient is a mea-
sure of a molemle’s lipophilic character; that‘15,

its preference for the hydrophilic or lipophiiic
phase.

The partition coefficient should be considered
in developing a drug substance into a dosage
form. The partition coefficient (P) represents the
ratio of the drug distributionin a two~phase sys-
tem of orsame solvent and aqueous phase. Using
octanol~water as an examine, it15 defined as:

Cone. of drug in octanol

P = [Cane of drug in water]

P is dependent on the drug concentration only
if the drug molecules have a tendency to associ-
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ate in solution. For an ionizable drug, the follow—
ing equation is applicable:

P lConc. of drug in octanoll
(1 — a )[Conc of drug in water]

where ct equals the degree of ionization
A summary of the concepts ofsolubility and distri-

bution phenomena is found in accompanying Physical
Pharmacy Capsules.

The determination of the degree of ionization

or pKa value of the drug substance is an impor-
tant physical—chewed characteristic relative to
evaluation of possible effects on absorption from
various sites of administration.

Dissociation constant or pKa is usually deter-

mined by potentiomelric titration.

Polymorphism

An important factor on formulation isthe dys-
tal or amorphous form of the drug substance.
Polymorphic forms usually exhibit different

physical—cherrdcal properties including melting
point and sohibflity. The occurrence of polymor—

phic forms with drugs is relatively common and
it has been estimated that polymorphism is ex—
hibited by at least onethird of all organic com-

pounds.
In addition to the polymorphic forms in which

compounds may erdst, they also can occur in

non-crystalline or amorphous forms. The energy
required for a. molecule of drug to escape from
a crystal is much greater than required to escape
from an amorphous powder. Therefore, the

amorphous form of a compound is always more
soluble than a commanding crystal form.

Evaluation of crystal structure, polymor—
phism, and 5:31th form is an important pro
formulation activity. The changes in crystal charn

acterisfics can influence bloavailability, chemical

and physical stability. and have important impli-

cations in dosage form process functions. For ex-
ample, it can be a significant factor relating to the

tableting processes due to flow and compaction
behaviors, among others.

Various techniques are used in determining
crystal properties. The most widely used meth—
ods are hot stage nuaosoopy, thermal analysis,

infrared spectroscopy, and x-ray diffraction.

Solubility

An important physical-chemical property of a
drug substance is solubility, especially aqueous

system solubility. A drug must possess some
aqueous solubility for therapeutic efficacy. In

p. 31
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Solubility and Distribution Phenomena m 

li a solute is added to a mixture of two lrnmlsoible liquids. it will distribute between the two ‘1‘"
phases and reach an‘equllibriurn at a constant temperature. The distribution of the solute “‘3
(unaggregated and undissociated} between the Mo lmmlsclble layers can be described as:

K = CUICL

where K Is the distribution constant or partition constant.
CU is the concentration of the drug In the upper phase. and Fr
C._ is the concentration of the drug In the lower phase. th

This Information can be effectively used in the: re
1. extraction of crude drugs. 5'
2. recovery of antibiotics from fermentation broths. tr
3. recovery of biotechnology-derived drugs trorn bacterial cultures, u
4. extraction of drugs from biologic fluids tor therapeutic drug monitoring. ..
5. absorption of drugs from dosage terms {ointments suppositories. transdennal patches},
6. study oi the distribution of flavoring oil between all and water phases of emulsions. and
7. in other applications.

The basic relationship given above can be used to calculate the quantity of drug extracted _

tram. or remaining behind in, a given layer and to calculate the number of extractions required Ito remove a drug irom a mixture.

The concentration of drug found in the upper layer (U) oi two immiscible layers is given by: L J"
U = KriiKr + 1) i

where K Is the distribution partition constant. and |
r is V..N.. or the ratio at the volume oi upper and lowar phases. .

l
The concentration of drug remaining in the lower layer (L) is given by:

L = “(Kr + 1)

If the lower phase is successively re-eittracted with :1 equal volumes of the upper layer. each
upper (Un) contains the tollowing fraction of the drug:

U.. = KriiKr + 1}"

where U.. is the traction contained in the nth extraction. and
n is the nth successive volume.

The fraction of solute remaining in the lower layer (L..} is given by:

L. = trikr + 1)"

More efficient extractions are obtained using successive small volumes oi the extraction
sotvent (as compared to single larger volumes}. This can be calculated as tollows when the
same volume oi extracting solvent is used. but in divided portions. For example. the traction
Ln remaining after the nth extraction is given by:

 
EXAMPLE ‘1

At 25°C and at pH 6.8. the K for a second generation cephalospcrin is 0.7 between equal
volumes of butanot and the iermentation broth. Calcutate the U. L. and i... (using the same
volume divided into fourths).

U = D.7!(0.7 + t) 0.41 The fraction of drug extracted Into the upper layer
L = 1410.? + 1) 0.59 The fraction of drug remaining in the lower layer

The total oi the fractions in the U and L = 0.41 + 0.59 = 1.

IIIt  



r/!44

3! patches},
Iisions. and

g extracted

ns required

is given by:

layer. each

: extraction
s when the
the traction

.veen equal
9 the same

layer
tyer

 
 

page Form Design to:
 

Solubility and Distribution Phenomena (Continued)

if the fermentation broth is extracted with tour successive extractions accomplished by dividing
the quantity oi butanol Used into fourths, the quantity of drug remaining afterthe fourth extrac-
tion is

L4“. = = 0.525 
—1-4

(0.7 4x 1 + 1)
From this. the quantity remaining after a single vo ume, single extraction is 0.59, but when
the single volume is divided into fourths and four successive extractions are done, the quantity
remaining is 0.525; therefore. more was extracted using divided portions of the extracting
solvent.

inherent in this procedure is the selection at appropriate extraction solvents. drug stability,
use at saitingput additives. and environmental concerns. 

 

The Phase Rule 

A phase diagram. or temperaturesomposition diagram. represents the melting point as a
function of composition of two or three component systems. The figure is an exampte of such
a representation for a two~component mixture. This phase diagram is of a two-component
mixture in which the components are compietely miscible in the molten state and no solid

IV
E
2
[‘1a:

. CL
E

593

Pure A Composition Pure B

sotution or addition compound is termed in the solid state. As is evident. starting from the
extremes of either pure component A or pure component B. as the second component is
added. the melting point oi the pure component decreases. There is a point on this phase
diagram at which a minimum melting point occurs (i.e.. the eutectic point). As is evident. there
are four regions. or phases. in this diagram. representing the following:

I. Build A + Solid B
ll. Solid A + Melt

ill. Solid B + Melt
IV. Melt

 

 



r/!45

1B8 Dosage Form Design  

 
 

  

   

drug substa
_ an effective

L J The Phase Flule (Continued) acidic or b;
. PH that EYE

Each phase is a homogenous part of the system, physically separated by distinct boundaries. or 11133? C31
A description of the conditions under which these phases can exist is called the Phase Rule, don mgTEd
which can be presented as: fittle efifect

F = c — P + x In many 9

where F is the number of degrees of lreedom. “RIMS or m
G is the number of components, Wampum"
P is the number of phases. and aqueous sf
X is a variable dependent upon selected considerations of the phase diagram [1.2 or A drug:

3). the equili't

"C“ describes the minimum number oi chemical components that need to be specified to excess 0f
define the phases present. The F is the number oi independent variables that must be speci- Shake“ 3"
tied to define the complete system (e.g.. temperature, pressure. concentration). longed pa

tamed. Cl-

EXAMPLE 1 solutionis
In a mixture of menthol and thymol. a phase diagram similarto that illustrated can be obtained. ability.

To describe the number of degrees of freedom in the part of the graph moving from the curved . 1 ti
line starting at pure A, progressing downward to the eutectic point. and then following an D1550 u '
increasing melting point to pure B. it is evident from this presentation that either temperature AS mm
or composition will describe this system. since it is assumed in this instance that pressure is tionsinth

constant. Therefore. the number of degrees of freedom to describe this'porfion oi the phase may be t
diagram is given by: becomes

F=2~2+1=1 stances:

In other words. along this line. either temperature or composition will describe the system. the drug
tion site,

EXAMPLE 2 $1an
When in the area at a single phase of the diagram. such as the melt (IV). the system can be orally in
described as: suspeusi

F:2~—1+1=2 muscula‘

In this portion of the phase diagram. it is apparent that two tactors, temperature and composi— When t1

tion. can be varied without a change in the number of phases in the system. stepfian}:r so on

gnu P LE 3 strip the
At the eutectic point, spouse,

F=2—3+1=o $9M!
_ _ , and an).r change in the concentration or temperature may cause a disappearance of one of 3::

' . i the two solid phases or the liquid phase. by decrl
' Phase diagrams are valuable in interpreting interactions between two or more components. be into

relating not only to melting point depression and possible liquefaction at room temperature “T sic
but also the formation of solid solutions. coprecipitates. and other solid-state interactions. tairdng

water 5

though

‘ . quentl)
order for a drug to enter the systerruc Circulation the type of drug product under consideration. phase (
to exert a therapeutic effect, it must first be in The chemical modification of the drug into salt it W'lll'

solution. Relatively insoluble compounds often or ester forms is a technique frequently used to large s
exhibit incomplete or erratic absorption. If the obtain more soluble compounds. Another tech— The

solubility of the drug substance is less than desir— rlique, if the drug is to be formulated into a liquid are gar
able, consideration must be given to improve its product. involves the adhtstment of the pH of consta

solubility. The methods to accomplish this will the solvent in which the drug is to be dissolved trinsic
depend on the chemical nature of the drug and to enhance solubility. However, there are many late d;

p. *4
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drUg substances for which pH adjustment is not
an effective means of improving solubility. Weak
acidic or basic drugs may require extremes in

pH that are outside accepted physiologic limits
or may cause stability problems with formula—
tion ingredients. Adjustment of pH usually has
little effect on the Solubility of non-electrolytes.
In many cases, it is desirable to utilize corsol—

vents or other techniques such as complexaiion,
micronization, or solid dispersion to improve
aqueous solubility.

A drug’5 solubility is usually determined by
the equilibrhim solubility method, by which an
excess of the drug is placed in a solvent and

shaken at a constant temperature over a pro—
longed period of time until Equilibrium is ob-
tained. Chemical analysis of the drug content in
solution is performed to determine degree of solw
ubility.

Dissolution

As diseussed in the previous chapter, varia-
tions in the biological activity ofa drug substance

may be brought about by the rate at which it
becomes available to the organism In many in-
stances, dissolution rate, or the time it takes for

the drug to dissolve in the fluids at the absorp~
tion site, is the rate-linuting step in the absurd
lion process. This is true for drugs administered
orally in solid forms such as tablets, capsules or

suspensions, as well as drugs administered iuua~

muscularly in the form of pellets or suspensions.
When the dissolution rate is the rate—limiting
step, anything Wtfich affects it will also afiect ab-

sorption Consequently, dissolution rate can af—
fect the onset, intensity, and duration of re-
sponse, and control the overall bioavailability of
the drug from the dusage form, as discussed in
the previous chapter. 1,

The dissolution rate of drugs may be increased
by decreasing the drug’s particle size. It may also
be increased by increasing its solubility in the
diffusion layer. The most effective means of ob—
taining higher dissolution rates is to use a highly

water soluble salt of the parent substance. Al—
though a soluble salt of a weal: acid will subse-
quently precipitate as the free acid in the bulk

phase of an acidic solution, such as gastric fluid,
it will do so in the form of fine particles with a
large surface area

The dissolution rates of chemical compounds
are generally determined by two methods: the
constant surface method which provides the in—

trinsic dissolution rate of the agent, and particu-
late dissolution in which a suspension of the
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agent is added to a fixed amount of solVent With-
out exact control of surface area.

The constant surface method utilizes a cornv

pressed disc of known area. This method elim-
inates surface area and surface electrical charges
as dlSsolutlon variables. The dissolution rate ob—

tained by this method is termed the intrinsic dis-
solution rate, and is characteristic of each solid

compound and a given solvent under the fixed
experimental conditions. The value is generally

expressed as milligrams dissolved per minute
centimeters squared (mgfminf corral. It has been
suggested that this value is useful in predicting

probable absorption problems due to dissolu-
tion rate. in partiwlate dissolution, a weighed
amount of powdered sample is added to the dis-
solution medium in a constant agitation system.

This method is frequently used to study the inr
fluence of particle size, surface area, and exclpi—
ants upon the active agent. Occasionally, an in-
verse relationship of particle size to dissolution

isnoted due to the surface proper-ties of the drug.
In tl'lese instances, surface charge andf or ag-
glomeration results in the reduced particle size
form of the dmgpresenthig a lower effective Sur-
face area to the solvent due to incomplete wet
ting or agglomeration.

Early formulation studies should include the
effects of pharmaceutic ingredients on the disso-

lution characteristics of the drug substance.

Membrane Permeability

Modem preformulafion studies include an
early assessment of passage of drug molecules
across biological membranes.

Data obtained from the basic physical—firetru-
cal studies, specifically, pKa, solubility, and dis
solution rate provide an indication of absorption

expectations.
To enhance these data, a technique utilizing

the ”averted intestinal sac” may be used in eval—
uating absorption characteristics of drug sub-
stances. In this method, a piece of intestine is
removed from an intact animal, averted, filled

with a solution of the drug substance, and the
degree and rate of paseage of the drug through
the membrane sac is determined. Through this
method, both passive and active transport can
be evaluated.

In the latter stages of pretonnulation testing

or early formidation studies, animals and man
must be studied to assess the absorption effi:

Clancy, pharmacokinetic parameters and to es-
tablish possible in ut’trolin ciao correlation for dis-
solution and bioavajlability.

 


