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greater reduction of surface tension that occurs at lower 
concentrat ions for longer chain-length compounds. In ad­
dition, note the greater slopes with increasing concentration, 
indicating more adsorption (Eq 30), and the abrupt leveling 
of surface tension at higher concentrations. This latter be­
havior reflects the self-association of surface-act ive agent to 
form micelles which exhibit no further tendency to reduce 
surface tension. The topic of micelles will be discussed later 
on page 268. 

If one plot.a the values of surface concentration, I', vs 
concentration, c, for substances adsorbing to the vapor-liq­
uid and liquid-liquid interfaces, using data such as those 
given in Fig 19-13, one generally obtains an adsorption iso­
therm shaped like those in Fig 19-9 for vapor adsorption. 
Indeed, it can be shown that the Langmuir equation (Eq 26) 
can be fitted to such data when written in the form 

I'max k'c r= .....;.;~-
1 + k'c 

(31) 

where I' mu is the maximum surface concentra tion attained 
with increasing concentration and h' is related to k in Eq 26. 
Combining Eqs 29 and 31 leads to a widely used relationship 
between surface tension change Il (see Eq 28) and solute 
concentration, c, known as the Syszkowski equation: 

Il = I'max RT In (1 + k'c) 

Mixed Films 

(32) 

It would seem reasonable to expect that the propert ies of a 
surface film could be varied greatly if a mixture of surface­
active agents were in the film. As an example, consider that 
a mixture of short- and long-chain fatty acids would be 
expected to show a degree of "condensation" varying from 
the "gaseous" state, when the short-chain substance is used 
in high amount, to a highly condensed state when the longer 
chain substance predominates. Thus, each component in 
such a case would operate independently by bringing a pro­
portional amount of film behavior to the system. 

More often, the ingredients of a surface film do not behave 
independently, but, rather, interact to produce a new surface 
film. An obvious example would be the combination of 
organic amines and acids which are oppositely charged and 
would be expected to interact strongly. 

In addition to such polar-group interactions, chain-chain 
interaction will strongly favor mixed condensed films. An 
important example of such a case occurs when a long-chain 
alcohol is introduced along with an ionized long-chain sub­
stance. Together the molecules form a highly condensed 
film despite the presence of a high number of like charges. 
Presumably this occurs as seen in Fig 19-14, by arranging the 
molecules so that ionic groups alternate with alcohol groups; 
however, if chain-chain interactions are not strong, the ionic 
species often will be displaced by the more nonpolar union­
ized species and "desorb" into the bulk solution. 

On the other hand, sometimes the more soluble surface­
act ive agent produces surface pressures in excess of the col­
lapse pressure of the insoluble film and displaces it from the 
surface. This is an important concept because it is the 
underlying principle behind cell lysis by surface-active 
agents and some drugs, and behind the important process of 
detergency. 

Fig 19-14. A mixed monomolecular film. ®: a long-chain ion; O: 
a long-chain nonionic compound. 

Adsorption on Solid Surf aces From Solution 

Adsorption to solid surfaces from solution may occur if 
dissolved molecules and the solid surface have chem 
groups capable of interacting. Nonspecific adsorption . 
will occur if the solute is surface active and if the surface 1 
of the solid is high. This latter case would be the sarn. 
occurs at the vapor-liquid and liquid-liquid interfaces. 
with adsorption to liquid interfaces, adsorption to solid: 
faces from solution generally leads to a monomolecular 
er, often described by the Langmuir equation or by 
empirical, yet related, Freundlich equation 

x/M= ken 

where x is the grams of solute adsorbed by M grams of s 
in equilibrium with a solute concentration of c. The terr 
and n are empirical constants. However, as Giles8 
pointed out, the variety of combinations of solutes and 
ids, and, hence the variety of possible mechanisms of ads, 
t ion, can lead to a number of more complex isotherms. 
particular, adsorption of surfactants and polymers, of g 
importance in a number of pharmaceutical systems, is 
not well understood on a fundamental level, and ma· 
some situat ions even be multilayered. · 

Adsorption from solution may be measured by separa 
solid and solution and either estimating the amount of 
sorbate adhering to the solid or the loss in concentratio 
adsorbate from solut ion. 

In view of the possibility of solvent adsorption, the la 
approach really only gives an apparent adsorption. 
example, if solvent adsorption is great enough, it is poss 
to end up with an increased concentration of solute a 
contact with the solid; here, the term negative adsorptic 
used. 

Solvent not only influences adsorption by competing 
the surface but, as discussed in connecti.on wi th adsorp 
at liquid surfaces, the solvent will determine the esca1 
tendency of a solute; eg, the more polar the molecule, the 
the adsorption that occurs from water. This is seen in 
19-15, where adsorption of various fatty acids from w. 
onto charcoal increases with increasing alkyl chain lengt 
nonpolarity. It is difficult to predict these effects bul 
general, the more chemically unlike the solute and soh 
and the more alike the solid surface groups and solute, 
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Fig 19-16. The adsorption o l a cationic surlactant, LW, onto a 
oegalfvely charged silica or glass surlace, exposing a hydrophObic 
surface as the solid is exposed to a ir. 10 

greater the extent of adsorption. Another factor which 
must be kept in mind is that charged ~olid _surfaces, such as 
polyelectrolyte~. will strongly adsorb opp_o~1te!y c~arged s~l­
utes. This is similar t.o the strong spec1f1c binding seen m 
gas chemisorption and it is characterized by significant 
monolayer adsorption at very low concentrations of solute. 
See Fig 19·16 for an example of such adsorption. 

Surface-Active Agents 

Throughout the discussion so far, examples of sur face ­
active agents (surfactants) have been restricted primarily to 
fatty acids and their salts. It has been shown that both a 
hydrophobic portion (alkyl chain) and a hydrophilic portion 
(carboxyl and carboxylate groups) are required for their 
surface activity, the relative degree of polarity determining 
the tendency to accumulate at interfaces. It now becomes 
important to look at some of the specific types of surfactants 
available and to see what structural features are required for 
different pharmaceutical applications. 

The classification of surfactants is quite arbitrary, but one 
~ased on chemical structure appears best as a means of 
~traducing the topic. It is generally convenient to catego­
nze surfactants according to their polar portions since t he 
;onpol~ portion is usually made up of alkyl or aryl groups. 

_h! maJor polar groups found in most surfactants may be f v!ded as follows: anionic, cationic, amphoteric and non-
0.~c. As we shall see, t he last group is the largest and most 

WJ ely used for pharmaceutical systems, so that it will be 
emphasized in the discussion that follows. 

Types 

facAnionic Agents-The most commonly used anionic sur­
sulftan~ are those containing carboxylate, sulfonate, and 

48 5 
ate •ons. Those containing carboxylate ions are known 

na~a~sr8nd are generally prepared by the saponification of 
Corn r att}'. acid glycerides in alkaline solution. The most 
um mon catt?ns associated with soaps are sodium, potassi­
len~:~lll.on,um, and triethanolamine, while the chain 

Th O the fatty acids ranges from 12 to 18. 
len~ d?ree of water solubility is greatly influenced by the 
For ex. 0 the alkyl chain and the presence of double bonds. 
r0om ~In.pie, sodium stearate is quite insoluble in water at 
conditi mp~rature, whereas sodium oleate under the same 

ans 19 quite water soluble. 
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Table VII-Effect of Aerosol OT Con<:entratlon on the 
Sur1ace Tension of Water and the Contact Angle of Water 

with Magnesium Stearate 

ConcentratJOn, 
mX 106 'Y ., .. 8 

1.0 60.l 120° 
3.0 49.8 113° 
5.0 45.1 104° 
8.0 40.6 89° 

10.0 38.6 so· 
12.0 37.9 71. 
15.0 35.0 63° 
20.0 32.4 54° 
25.0 29.5 50• 

Multivalent ions, such as calcium and magnesium, pro­
duce marked water insolubility, even at lower alkyl chain 
lengths; thus, soaps are not useful in hard water which is 
high in content of these ions. Soaps, being salts of weak 
acids, are subject also to hydrolysis and the formation of free 
acid plus hydroxide ion, particularly when in more concen­
trated solution. 

To offset some of the disadvantages of soaps, a number of 
long-alkyl-chain sulfonates, as well as alkyl aryl sulfonates 
such as sodium dodecylbenzene sulfonate, may be used; the 
sulfonate ion is less subject to hydrolysis and precipitation in 
the presence of mult ivalent ions. A popular group of sulfo­
nates, widely used in pharmaceutical systems, are the dial­
kyl sodium sulfosuccinates, particularly sodium bis-(2-
ethylhexyl)sulfosuccinate, best known as Aerosol OT or do­
cusate sodium. This compound is unique in that it is both 
oil and water soluble and hence forms micelles in both 
phases. It reduces SUJ'face and interfacial tension to low 
values and acts as an excellent wetting agent in many types 
of solid dosage forms (see Table VII) . 

A number of alkyl sulfates are available as surfactants, but 
by far the most popular member of this group is sodium 
lauryl sulfate, which is widely used as an emulsifier and 
solubili2er in pharmaceutical systems. Unlike the sulfo­
nates, sulfates are susceptib le to hydrolysis which leads to 
the formation of the long-chain alcohol, so that pH control is 
most important for sulfate solutions. 

Cationic Agents- A number of long-chain cations, such 
as amine salts and quaternary ammonium salts, are often 
used as surface-active agents when dissolved in water; how­
ever, their use in pharmaceutical preparations is limited to 
that of antimicrobial preservation rather than as surfac­
tants. T his arises because the cations adsorb so readily at 
cell membrane structures in a nonspecific manner, leading 
to cell lysis (eg, hemolysis), as do anionics to a lesser extent. 
It is in this way that they act to destroy bacteria and fungi. 

Since anionic a.nd nonionic agents are not as effective as 
preservatives, one must conclude that the positive charge of 
these compounds is important; however. the extent of sur­
face activity has been shown to determine the amount of 
material needed for a given amount of preservat ion. Qua­
ternary ammonium salts are preferable to free amine salts 
since they are not !iubject to effect by pH in any way; howev­
er, the presence of organic anions such as dyes and natural 
polyelectrolytes is an important source of incompatibility 
and such a combination should be avoided. 

Amphoteric Agents- The major group of molecules fall­
ing into th is category are t hose containing carboxylate or 
phosphate groups as the anion and amino or quaternary 
ammonium groups as the cation. The former group is repre­
sented by various polypeptides, proteins, and the alkyl beta­
ines, while the latter group consist of natural phospholipids 
such as the Lecithins and cephalins. In general, long-chain 
amphoterics which exist in solution in 2witterionic fo rm are 
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more surface-active than ionic surfactants having the same 
hydrophobic group since in effect the oppositely charged 
ions are neutralized. However, when compared to nonion­
ics, they appear somewhere between ionic and nonionic. 

Nonionic Agents-The major class of compounds used 
in pharmaceutical systems are the nonionic surfactants since 
their advantages with respect to compatibility, stability, and 
potential toxicity are quite significant. It is convenient to 
divide these compounds into those that are relatively water 
insoluble and those that are quite water soluble. 

The major type of compounds making up this first group 
are the long-chain fatty acids and their water-insoluble de­
rivatives. These include (1) fatty alcohols such as lauryl, 
cetyl (16 carbons) and stearyl alcohols; (2) glyceryl esters 
such as the naturally occurring mono-, di- and triglycerides; 
and (3) fatty acid esters of fatty alcohols and other alcohols 
such as propylene glycol, polyethylene glycol, sorbitan, su­
crose and cholesterol. Included also in this general class of 
nonionic water-insoluble compounds are the free steroidal 
alcohols such as cholesterol. 

To increase the water solubility of these compounds and 
to form the second group of nonionic agents, polyoxyethy­
lene groups are added through an ether linkage with one of 
their alcohol groups. The list of derivatives available is 
much too long to cover completely, but a few general catego­
ries will be given. 

The most widely used compounds are the polyoxyethylene 
sorbitan fatty acid esters which are found in both internal 
and external pharmaceutical formulations. Closely related 
compounds include polyoxyethylene glyceryl, and steroidal 
esters, as weU as the comparable polyoxypropylene esters. 
It is also possible to have a direct ether linkage with the 
hydrophobic group as with a polyoxyethylene-stearyl ether 
or a polyoxyethylene-alkyl phenol. These ethers offer ad­
vantages since, unlike the esters, they are quite resistant to 
acidic or alkaline hydrolysis. 

Besides the classification of surfactants according to their 
polar portion, it is useful to have a method that categorizes 
them in a manner that reflects their interfacial activity and 
their ability to function as wetting agents, emulsifiers, solu­
bilizers, etc. Since variation in the relative polarity or non­
polarity of a surfactant significantly influences its interfacial 
behavior, some measure of polarity or nonpolarity should be 
useful as a means of classification. 

One such approach assigns a hydrophile- lipophile balance 
number (HLB) for each surfactant and, although developed 
by a commercial supplier of one group of surfactants, the 
method has received wide-spread application. The HLB 
value, as originally conceived for nonionic surfactants, is 
merely the percentage weight of the hydrophilic group divid­
ed by five in order to reduce the range of values. On a molar 
basis, therefore, a 100% hydrophilic molecule (polyethylene 
glycol) would have a value of 20. 

Thus, an increase in polyoxyethylene chain length in­
creases polarity and, hence, the HLB value; at constant polar 
chain length, an increase in alkyl chain length or number of 
fatty acid groups decreases polarity and the HLB value. 
One immediate advantage of this system is that to a first 
approximation one can compare any chemical type of surfac­
tant to another type when both polar and nonpolar groups 
are different. 

HLB values for non ionics are calculable on the basis of the 
proportion of polyoxyethylene chain present; however, in 
order to determine values for other types of surfactants it is 
necessary to compare physical chemical properties reflecting 
polarity with those surfactants having known HLB values. 

Relationships between HLB and phenomena such as wa­
ter solubility, interfacial tension, and dielectric constant 
have been used in this regard. Those surfactants exhibiting 
values greater than 20 (eg, sodium lauryl sulfate) demon-

strate hydrophilic behavior in excess of the polyoxyethylene 
groups alone. Table XIX, page 304, presents HLB values 
for a variety of surface-active agents. 

Surfactant Properties In Solution and Mlcelle 
Formation 

As seen in Fig 19-13, increasing the concentration of sur­
face-active agents in aqueous solution causes a decrease in 
the surface tension of the solution until a certain concentra­
t ion where it then becomes essentially constant with increas­
ing concentration. That this change is associated with 
changes also taking place in the bulk solution rather than 
just at the surface can be seen in Fig 19-17, which shows the 
same abrupt change in bulk solution properties such as solu­
bility, equivalent conductance and osmotic pressure as with 
surface properties. The most reasonable explanation for 
these effects is that the solute molecules self-associate to 
form soluble aggregates which exhibit markedly different 
properties from the monomers in solution. Such aggregates 
(Fig 19-18A) appear to exhibit no tendency to adsorb to the 
surface s ince the surface and interfacial tension above this 
solute concentration do not change to any significant extent. 
Such aggregates, known as micelles, form over such a very 
narrow range of concentrations that one can speak of a criti­
cal micellization concentration (cmc). These micelles form 
for essentially the same reasons that cause molecules to be 
adsorbed; the lack of affinity of the hydrophobic chains for 
water molecules and the tendency for strong hydrophobic 
chain-chain interactions when the chains are oriented close­
ly together in the micelle, coupled with the gain in entropy 
due to the loss of the ice-like structure of water when the 
chains are separated from water, lead to a favorable free 
energy change for micellization. The longer the hydrophobic 
chain or the less the polarity of the polar group, the greater 
the tendency for monomers to "escape" from the water to 
form micelles and, hence the lower the cmc (see Fig 19-13). 

In dilute solution (still above the cmcl the micelles can be 
considered to be approximately spherical in shape (Fig 19-
18A and Bl, while at higher concentrations they become 

>-
t: ., 
C. 
0 
ci: 
0 
C 

~ 
c 
0 ., 
:IE 

C 

E 

A 

+---~-=----8 
D 

anc 
Surfactant coocentrabon 

Fig 19- 17. Effect of surfactant concentration and micelle formation 
on various properties of the aqueous solution of an ionic surfactant 
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Fig 19-18. Oitferenl types of micelles. A: Spherical micelle of an anionic surfactant; B: spherical mlcelle of a nonionic surfactant; C: 
cylindl'icat mlcelle of an ionic surfactant; D: lamellar inicelle of an ',onlc slM'factant; E: reverse mlcelle of an anionic surfactant In oil. 11 

more asymmetric and eventually assume cylindrical (Fig 19-
18C) or lameUar (Fig 19-18D) structures. It is important to 
recognize that equilibrium, and hence reversibility, exists 
~twe~n the monomers and t he various types of micelles. 

he sizes of such micelles depend on the number of mono­
!11e~s .Per micelle and the size and molecular shape of the 
llld1v1dual monomers. In Table VUI are given the cmc and 
fumLer of monomers per micelle for different types of sur­
tctants. Note for the nonionic surfactants that the longer 

t e f:>Olyoxyethylene chain, and hence the more polar and 
bulkier the molecule, the higher the cmc, ie the less the 
terdency for micelle formation. It is also possible for oil­
~ uble surfactants to show a tendency to self-associate into 

1
;~ers~ micelles in nonpolar solvents, as depicted in Fig 19-

' wtth their polar groups all oriented away from the 
:lvent. In general these micelles tended to be smaller and 
. aggregate over a wider range of concentrations than seen 
tn water, and therefore, to exhibit no well-defined cmc. 

Micellar Solubillzatlon 

As seen in Fig 19-18, the interior of surfactant micelles 
formed in aqueous media consists of hydrocarbon " tails" in 
liquid-like disorder. The micelles, therefore, resemble min­
iscule pools of liquid hydrocarbon surrounded by shells of 
polar "head groups." Compounds which are poorly soluble 
in water but soluble in hydrocarbon solvents, can be dis­
solved inside these micelles, ie, t hey are brought homoge­
neously into an overall aqueous medium. 

Being hydrophobic and oleopbilic, the solubilized mole­
cules are located primarily in the hydrocarbon core of the 
micelles (see Fig 19-19A). Even water-insoluble drugs usu­
ally contain polar functional groups such as hydroxyl, 
carbonyl, ether, amino, amide, and cyano. Upon solubiliza­
tion, these hydrophilic groups locate on the periphery of the 
micelle among the polar headgroups of the surfactant in 
order to become hydrated (see Fig 19-19B). For instance, 
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Table VIII-Crltleal MiceRe ConcentraHons and Mlc:ellar Aggregation Numbers ot Various Surfactants In Water at Room 
Temperature 

Structure 

n-C11H23COOK 
n-CsHriS03Na 
n-C10H21S03Na 
n-C12H2r,S03Na 
n-C12H:isOSO;iNa 
n-C12H:isOS03Na 

Potassium laurate 
Sodium octant sulfonate 
Sodium decane sulfonate 
Sodium dodecane sulfonate 
Sodium lauryl sulfate 
Sodium Laury! sulfate• 

Name CMC,mM/L 

24 
150 

Surtactant 
moIec~es1 

m,celle 

n-C10H21 N(CH.-ibBr 
n•C12H:i5N(CH3}38r 
n-CuH29N(CH3)JBr 
n-C1,H29N(CH3)aCI 
n-C,2H:isNHsCI 
n-C12H,sO(CH2CH20laH 
n-C12H250(CH2CH20)8Hb 
n·C12H:is(CH2CH20l12H 
n-C12H~~O(CH2CH20l12Hb 
t-Csff1;·CeH.·O(CH,CH20 l, 7H 

Sodium di -2-etbylhexyl sulfosuccinate 
Decyltrimethylammonium bromide 
Dodecyltrimethylammonium bromide 
Tetradecyltrimetbylammonium bromide 
Tetradecyltrimethylammonium chloride 
Dodecylammonium chloride 
Octaoxyethylene glycol monododecyl ether 

40 
9 
8 
l 
5 

63 
14 
3 
3 

13 
0.13 
0.10 
0.14 
0.091 
0.27 

50 
28 
40 
54 
62 
96 
48 
36 
50 
75 
64 
55 

132 
301 
78 

116 
100 

Dodecaoxyethylene glycol monododecyl ether 

Decaoxyethylene glycol mono-p,t-octylpbenyl ether (octoxynol 9) 

• Interpolated for physiolog1c saline, 0 154 M NaCl. 
b At&s• instead or20•. 

SURFACE 
ACTIVE 
AGENT 

= o=:, 

SOLUBILI ZATE 

C 
SURFACE ACTJVE AGENT 

- POLYOXYETHYLENE CHAIN 

- HYDROCARBON CHAIN 

I 

SOLUBILIZATE 

Fig 19-19. The locations of solubilizates In spherical micelles. A: Ionic surfactant (solublllzed molecule has no hydrophilic groups); B: 
Ionic surfactant (solublllzed molecule has a hydrophilic grOilp); C: nonionic surfactant (polar solubilizate) 12 

when cholesterol or dodecanol is solubilized by sodium lau­
ryl sulfate, their hydroxyl groups penetrate between sulfate 
ions and are even bound to them by hydrogen bonds, while 
their hydrocarbon portions are immersed among the dodecyl 
tails of the surfactant which make up the core of the micelle. 

Micelles of polyoxyethylated nonionic surfactants consist 
of an outer shell of hydrated polyethylene glycol moieties 
and a core of hydrocarbon moieties. Compounds like phe­
nol, cresol, benzoic acid, salicylic acid, and esters of p­
hydroxy and p -aminobenzoic acids have some solubility in 
water and in oils but considerable solubility in liquids of 
intermediate polarity like ethanol, propylene glycol or aque­
ous solutions of polyethylene glycols. When solubilized by 
nonionic micelles, they are located in the hydrated outer 
polyethylene glycol shell as shown in Fig 19-19C. Since 
these compounds have hydroxyl or amino groups, they fre ­
quently form complexes with the ether oxygens of the sur­
factant by hydrogen bonding. 

Solubilization is generally nonspecific: any drug which is 
appreciably soluble in oils can be solubilized. Each has a 
solubilization limit, comparable to a limit of solubility, 
which depends on temperature and on the nature and con­
centration of the surfactant. Hartley distinguishes two cat-

egories of solubilizates. The first consists of comparatively 
large, asymmetrical and rigid molecules forming crystalline 
solids, such as steroids and dyes. These do not blend in with 
the normal paraffin tails which make up the micellar core; 
because of dissimilarity in structure, they remain distinct as 
solute molecules. They are sparingly solubilized by surfac­
tant solutions, a few molecules/micelle at saturation (see 
Table IX). The number of carbon atoms in the micellar 
hydrocarbon core required to solubilize a molecule of s teroid 
or dye at saturation is of the same order of magnitude as the 
number of carbon atoms of bulk liquid dodecane or hexade­
cane per molecule of steroid or dye in their saturated solu­
tions in these liquids. 

Since solubilization depends on the presence of micelles, it 
does not take place below the cmc. It can, therefore, be used 
to determine the cmc, particularly when the solubilizate is a 
dye or another compound easy to assay. Plotting the maxi· 
mum amount of a water- insoluble dye solubilized by aque· 
ous surfactant, or the absorbance of its saturated solutions, 
versus the surfactant concentration produces a straight line 
which intersects the surfactant concentration axis at t he 
cmc. Above the cmc, the amount of solubilized dye is direct· 
ly proportional to the num her of micelles and, therefo re, 
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Table lX-Mlcellar SoklbUlzatlon Capacities Of Different 
Surfactants tor Estrone 13 

Su,lactant 

$odium Iaurate 
sodium oleate 
Sodium Iauryl sulfate 
$odium cholate 
Sodium deo1ycholate . 
Diamyl sodium sulfosucc~nate 
Dioctyl sodium sulfosuccUla~ 
Tetradecyltrimethylammomum 

bromide 
Hexadecylpyridinium chloride 
Polysorbate 20 
Polysorbate 60 

Moles 
_,actant/ 

mole 
Concentration Temp, solut>ilized 
range, molarity °C estrone 

0.025-0.023 40 91 
0. 002-0.35 40 53 
0.004-0.15 40 71 
0.09-0.23 20 238 
0.007-0.36 20 476 
0.08-0.4 40 833 
0.002-0.05 40 196 

0.005-0.08 20 45 
0.001-0.1 20 32 
0.002-0.15 20 161 
0.0008--0.11 20 83 

proportional to the overall surfactant concentration. Below 
the cmc, no solubilization takes place. This is represented 
by Curve E of Fig 19-17. 

The second category of compounds to be solubilized are 
often liquid at room temperature and consist of relatively 
small, symmetrical, and/or flexible molecules such as many 
constituents of essential oils. These molecules mix and 
blend in freely with the hydrocarbon portions of the surfac­
tants in the core of the micelles, so as to become indistin­
guishable from them. Such compounds are extensively sol­
ubilized and in the process usually swell the micelles: they 
augment the volume of the hydrocarbon core and increase 
the number of surfactant molecules per micelle. Their solu­
bilization frequently lowers the cmc. 

Microemulsions14-16 

Microemulsions are liquid dispersions of water and oil 
that are made homogeneous, transparent, and stable by the 
addition of relatively large amounts of a surfactant and a 
cosurfactant. Oil is defined as a liquid of low polarity and 
low miscibility with water, eg, toluene, cyclohexane, mineral 
or vegetable oils. 

Microemulsions are intermediate in properties between 
micelles containing solubilized oils and emulsions. While 
emulsions are lyophobic and unstable, microemulsions are 
on the borderline between lyophobic and lyophilic colloids. 
True microemulsions are thermodynamically stable.17 
Therefore, they are formed spontaneously when oil, water, 
surfactants, and cosurfactants are mixed together. The un­
stable emulsions require input of considerable mechanical 
energy for their preparation, which may be supplied by col­
loid mills, homogenizers or ultrasonic generators. 

Both emulsions and microemulsions may contain high 
volume fractions of the internal phase. For instance, some 
O/W systems contain 75% (v/v) of oil dispersed in 25% water, 
although lower internal phase volume fractions are more 
common. 

At low surfactant concentrations, viz, low multiples of the 
cWmc, micelles are spheres (Fig 19-lBA, Band E) or ellipsoids. 

hen an oil is solubi1ized by micelles in water, it blends into 
the micellar core formed by the hydrocarbon tails of the 
surfactant molecules (Fig 19-19) and swells the micelles. 

Spherical or ellipsoidal micelles are nearly monodisperse, 
an~ their mean diameters are in the range of 25 to 60 A. 
~•croemulsion droplets also have a narrow droplet size dis­
t1nbutAion with a mean diameter range of approximately 60 to 
000 . Since the droplet diameters are less than ¼ of the 

wavelength of light (4200 A for violet and 6600 A for red 
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light), microemuJsions scatter little l ight and are, therefore, 
transparent or at least translucent. 

Emulsions have very broad droplet size distributions. 
Only the smallest droplets, with diameters of about 1000 to 
2000 A, are below the resolving power of the light micro­
scope. The upper size limit is 25 or 50 µm (250,000 or 
500,000 A). Because emulsion droplets are comparable in 
size, or larger than the wavelength of visible light, they 
scatter it more or less strongly depending on the difference 
in refractive index between oil and water. Thus, most emul­
sions are opaque. 

The three disperse systems-micellar solutions, microe­
mulsions, and emulsions-can be of the O/W (oil-in-water) 
or W /0 type. Aqueous micellar surfactant solutions can 
solubilize oils and lipid-soluble drugs in the core formed by 
their hydrocarbon chains. Likewise, oil-soluble surfactants 
like sorbitan monooleate and docusate sodium form "reverse 
micelles" in oils (Fig 19-18E) capable of solubilizing water in 
the polar center. The solubilized oil in the former micelles 
and the solubilized water in the latter may in turn enhance 
the micellar solubilization of oil-soluble and water-soluble 
drugs, respectively. 

Oil-soluble drugs have been incorporated into O/W emul­
sions by dissolving them in the oil phase before emulsifica­
tion.18 By the same token, it may be possible to dissolve 
oil-soluble drugs in a vegetable oil and make an oral or 
parenteral O/W microemulsion. The advantage of such mi­
croemulsion systems over conventional emulsions is their 
smaller droplet size and superior shelf stability. Aqueous 
micellar solutions19 and O/W microemulsions20 have both 
been used as aqueous reaction media for oil-soluble com­
pounds. 

Emulsions and micellar solutions of oils solubilized in 
aqueous surfactant solutions consist of three components, 
oil, water and surfactant. Microemulsions generally require 
a fourth component, called cosurfactant. Commonly used 
cosurfactants are linear alcohols of medium chain length, 
which are sparingly miscible with water. Since the cosurfac­
tants as well as the surfactants are surface-active, they pro­
mote the generation of extensive interfaces th.rough the 
spontaneous dispersion of oil in water, or vice-versa, result­
ing in the formation of microemulsions. The large interfa­
cial area between oil and water perm its the extensive forma• 
tion of a mixed interfacial film consisting of surfactant and 
cosurfactant. This film is called the "interphase" because it 
is thicker than the surfactant monolayers formed at oil­
water interfaces in emulsions. The interfacial tension at the 
oil-water interface in microemuls ions approaches zero, 
which also contributes to their spontaneous formation. Ac­
cording to another viewpoint, microemulsions are regarded 
as micelles extensively swollen by large amounts of solubi­
lized oil. 

Typical formulations for an O/W and a W/O microemul• 
sion are shown in Table X. The ratio, g surfactant/g solubi­
lized or emulsified oil or water is in the range of 2 to 20 for 
micellarsolutions and 0.01 to0.l for emulsions. Microemul• 
sions have intermediate values: The ratios for the formula­
tions in Table X are near unity. In industrial formulations, 

Table X-MlcroemutalOn Formulatlons 

Comp<>und 

Sodium lauryl sulfate 
l-Pentanol 
Xylene 
Water 

Function 

Surfactant 
Cosurfactant 
Oil 

Content in 
microemutsions. % 
olw Wlo 

13 
8 
8 

71 

10 
25 
50 
15 
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the ratios are closer to 0.1 to reduce costs. Microemulsions 
are used in such d iverse applications as floor polish and 
agricultural pesticide formulations and in tertiary petro-

leum recovery. The use of O/W microemulsions as aqueous 
vehicles for oil-soluble drugs to be administered by the per. 
cutaneous, oral or parenteral route is being invest igated. 

Colloidal Dispersions 
Historical &ckground of Colloids 

The term colloid, derived from the Greek word for glue, 
was applied ca 1850 by the British chemist Thomas Graham 
to polypeptides such as albumin and gelatin, to vegetable 
gums such as acacia, starch and dextrin, and to inorganic 
compounds such as gelatinous metal hydroxides and Prus­
sian blue (ferric ferrocyanide) . These compounds did not 
crystallize, and d iffused very slowly when dissolved or dis­
persed in water. They could be separated from ordinary 
solutes such as salts and sugar, called "crystalloids," as the 
latter diffused through the fine pores of dialysis membranes 
made from animal gut which re tained the "colloids." "Crys­
talloids" crystallized readily from solution.11,22 

Von Weimarn was the first to identify colloidality as a 
state of subdivision of matter rather than as a category of 
substances. Many of Graham's "colloids," especially pro­
teins, have been crystallized. Moreover, von Weimarn was 
able to prepare all "crystalloids" investigated in the colloidal 
state. Colloidal dispersions by the condensation method 
resulted from high relative supersaturation, which produced 
a large number of small nuclei.11- 23-28 For instance, clear, 
transparent solidified jellies were prepared by cooling aque­
ous solutions of CaCl2, Ba(SCNh and Ah(SO,h, and aque­
ous-alcoholic solutions of NaCl, KCl, NH4Cl, KSCN, NaBr 
and NH4NO3 which were nearly saturated at room tempera­
ture. 28 

Colloid chemistry became a science in its own right around 
1906, when Wolfgang Ostwald wrote the booklet "The 
World of the Neglected Dimensions." In it, he focused on 
colloidal systems as a state of matter that has disperse 
phases intermediate in size between small molecules or ions 
in solution and large, visible particles in suspension. Ost­
wald became the first editor of the journal Kolloid-Zeitsch­
rift in 1907. T he s tudies of colloidal systems and surface or 
interfaciaJ phenomena are intimately related. The proper­
ties of colloidal dispersions are largely governed by the na­
ture of the surface of their particles. The division of the 
American Chemical Society specializing in colloidal systems 
and interfaces is called the " Division of Colloid and Surface 
Chemistry," while the pertinent session of the Gordon Re­
search Conferences is called "Chemistry at Interfaces." 

Colloid and surface chemistry deals with an unusually 
wide variety of industrial and biological systems. A few 
examples are catalysts, lubricants, adhesives, latexes fo r 
paints, rubbers and plastics, soaps and detergents, clays, 
packaging films, cigarette smoke, liquid crystals, cell mem­
branes, mucous secretions and aqueous humors. 

Deftnitlons and Classifications 

Coll-Oidal Systems and Inter/aces 

Colloidal dispersions consist of at least two discrete 
phases, namely, one or more disperse, dispersed or internal 
phases and a continuous or external phase called the disper-

10- 10 m) or 1-10 nm (1 nanometer =- 10-9 m) at the lower 
end, and a few micrometers (µm) at the upper end (1 µm == 
10• A= 10- 6 m) . Thus blood, cell membranes, the thinner 
nerve fibers , m ilk, rubber latex, fog and beer foam are colloi­
dal systems. Some types of materials, such as many emul­
sions, and oral suspensions of most organic drugs, are coarser 
than true colloidal systems but exhibit similar behavior. 
Even though serum albumin, acacia and povidone form true 
or molecular solutions in water, the size of the ind ividual 
solute molecules places such solutions in the colloidal range 
(particle size > 10 A).21- 27 

The following features distinguish colloidal dispersions 
from coarse suspensions. Disperse particles in t he colloidal 
range are usually too fine to be visible in a light microscope, 
because at least one d imension measures l µm or less. T hey 
are often visible in the ultramicroscope and always in the 
electron microscope. Coarse suspended particles are fre­
quently visible to the naked eye and always in the light 
micro1icope. Colloidal particles, as opposed to coarse parti­
cles, pass through ordinary filter paper but are retained by 
dialysis or ultrafiltration membranes. Because of their 
small size, colloidal dispersions undergo little or no sedimen­
tation or creaming: Brownian motion maintains the dis­
perse particles in suspension (see below). 

Except for high polymers, most soluble substances can be 
prepared either as low-molecular-weight solutions, or as col­
loidal dispersions or coarse suspensions depending on the 
choice of the dispersion medium and the di.spersion tech­
nique. 26•28 

Because of the small size of colloidal particles, appr~ciable 
fractions of their atoms, ions or molecules are located in the 
boundary layer between a particle and air (surface) or be­
tween a particle and a liquid or solid (interface). The ions in 
the surface of a sodium chloride crystal and the water mole­
cules in the surface of a rain drop are subjected to unbal­
anced forces of attraction, whereas the ions or molecules in 
the interior of the materials are surrounded by similar ions 
or molecules on all sides, with balanced force fields. Thus a 
surface free en ergy component is added to the total free 
energy of colloidal particles, which becomes relatively more 
important as the particles become smaller, ie, as ~rea~r 
fractions of their ions, atoms or molecules are located in their 
surface or interfacial region. Hence the solubility of very 
fine solid particles and the vapor pressure of very small 
liquid droplets are larger than the corresponding values of 
coarse particles and large drops of the same materials, re-
spectively. . 

Specific Surface Area-Decreasing particle size m· 
creases the surface-to-volume ratio, which is expressed as 
the specific surface area A,p, namely, the area A (cm 2) per 
unit volume V (1 cm3) or per unit mass M (1 gram). For 8 

sphere, A = 4 1r -r 2 and V = 4/3.,. r3• If the density, d, o~ the 
material is expressed in g/cm3, the specific surface area 1s 

sion medium or uehicle. What distinguishes colloidal dis­
persions from solutions and coarse dispersions is the particle or 
size of t he disperse phase. Systems in the colloidal state 
contain one or more substances that have at least one dimen- A A 41fr2 3 ., 

A = - = - "' --- = - cm·/g 
•P M Vd 4/31rr1d rd sion in the range of 10 to 100 A ( 1 Angstrom unit= 10- ~ cm = 

I 

l 
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• xi-Effect of Commtnutlon on Specific surface Area 
':' yc,lunMt of 4r/ 3 cm3, Divided Into Uniform Spheres of 

a Radius R 

Nu,mer ol spheres A A'$cm2/cm3 

l 1cm 3 
103 0.1cm = l mm 3 X 10 
1Q'i 0.1mm 3 X 102 

109 0.01 mm = 10 µm 3 X 10-1 

)II' Ii.cm ; X ltt ' 
[II ' , , 1,,m l X IC~ 
I w◄ 11111 .,m ;1 '( 14,.. 
10:, 111/1 = I um .. X Ill · 
1()23 1A 3 X 108 

Shaded region corresponds to culloidal particle-size range 

Table XI illustrates t he effect of comminution on the 
specific surface area of 4 -,;/3 cm~ of a material consisting 
initially of one sphere of l cm radius. As the material is 
broken up into an increasingly larger number of smaller and 
smaller spheres, its specific surface area increases commen­
surately. 

The solid adsorbents activated charcoal and kaolin have 
specific surface areas of about. 6 x 106 cm2/g and 104 cm2(g, 
respectively. One gram of activated charcoal, because of its 
extensive porosity and internal voids, has an area equal to 1/e 
acre. 

In conclusion, colloidal systems by definition are those 
polyphasic systems where at least one dimension of the dis­
perse phase measures between 10 or 100 A and a few micro­
meters. The term "colloidal" designates a state of matter 
characterized by submicroscopic dimensions rather than 
certain substances. Any dispersed substance with the prop­
er dimension or dimensions is in the colloidal state. 

Physical States of Disperse and Continuous Phases 

A useful classification of colloidal systems (systems in the 
colloidal particle size range) is based on the state of matter of 
the disperse phase and the dispersion medium, ie, whether 
they are solid, liquid or gaseous.25.27 Table XII summarizes 
the various combinations and lists examples. A sol is the 
colloidal dispersion of a solid in a liquid or gaseous medium. 
Prefixes designate the dispersion medium, such as hydrosol, 
alcosol, aerosol for water, alcohol and air, respectively. Sols 
are fluid. If the solid particles form bridged structures pos­
sessing some mechanical strength, the system is called a gel 
(hydrogel, alcogel, aerogel). 

DISPERSE SYSTEMS 273 

Interaction Between Disperse Phase and Dispersion 
Medium 

A second useful classification of colloidal dispersions, 
originated by Ostwald, is based on the affinity or interaction 
between the disperse phase and the dispersion medium.2-3,8 

It refers mostly to solid-in-liquid dispersions. According to 
this classification, colloidal dispersions are divided into the 
two broad categories of lyopbilic and lyophobic. Some solu­
ble, low-molecular-weight substances have molecules with 
both tendencies, forming a third category called association 
colloids. 

Lyophilic Dispersions- Where there is considerable at­
traction between the disperse phase and the liquid vehicle, 
ie, extensive solvation, the system is said to be lyophiiic 
(solvent-loving). If the dispersion medium is water, t he 
system is said to be hydrophilic. Such solids as bentonite, 
starch, gelatin, acacia and povidone swell, disperse or dis­
solve spontaneously in water. 

Hydrophilic colloidal dispersions can be subdivided fur­
ther as follows: 

T ru.e solutions, formed by water-soluble polymers (acacia and povi­
done). 

Gelled solut.ions , gels or jellies tf the polymers are present at high 
0011centrations and/or at ttmptratures where their water solubility is 
low Rxamples of such hydrogels a re relatively con<'entrated solutions 
of gelatin and starch, which set to gels on cooling. or of methylcellulose, 
which gel on heating. 

Particulate dispersions, where the solids do not form molecular solu­
tions but remain as discrete though minute particles. Bent.onite and 
mkrocrystalline cellulose form such hydrosols. 

Lipophilic or oleophilic substances have pronounced af­
finity for oils. Oils are non polar liquids consisting mainly of 
hydrocarbons, with few polar groups and low dielectric con­
stants. Examples are mineral oil, benzene, carbon tetra­
chloride, vegetable oils (cottonseed or peanut oil) and essen­
tial oils (lemon or peppermint oil). Substances which form 
oleophilic colloidal d ispersions include polymers like poly­
styrene and unvulcanized or gum rubber, which dissolve 
molecularly in benzene, magnesium or aluminum stearate or 
which dissolve or d isperse in cottonseed oil, and activated 
charcoal, which forms sols or particulate dispersions in all 
oils. 

Because of the high affinity or attraction between the 
dispersion medium and the disperse phase, lyophilic disper­
sions form spontaneously when the liquid vehicle is brought 
into contact with the solid phase. They are thermodynami• 
cally stable and reversible, ie, they are easily reconstituted 
even after the dispersion medium has been removed from 
the solid phase. 22•24- 27 

Table xtl- Claaalflcallon of Colloidal Dispersion1 According to State of Matter 

Disperse 
Phase 

Solid 

Liquid 

Gas 

Zinc oxide paste (zinc oxide + starch 
in petrolatum). Toothpaste 
(dicalcium phosphate or calcium 
carbonate with sodium 
carboxymethylcellulose binder). 
Pigmented plastics (titanium 
dioxide in polyethylene). 

Absorption bases (aqueous medium in 
Hydrophilic Petrolatum USP). 
Emulsion bases (oil in Hydrophilic 
Ointment USP). Butter. 

Dispe,sion Medium (Vehicle) 

liquid 

Sols: Bentonite Magma NF. 
Trisulfapyrimidines Ora.I 
Suspension USP. Magnesia and 
Alumina Oral Suspension USP. 
Tet racycline Oral S us pension USP. 

Emulsions: Mineral Oil Emulsion 
USP. Soybean oil in water 
emulsion for IV feeding. Milk. 
Mayon naise. 

Sol id foams (foamed plastics and Foams. Carbonated beverages. 

Gas 

Solid aerosols: Smoke, dust. 
E pinephrine Bitartrate Inhalation 
Aerosol USP. Isoproterenol 
Sulfate Inhalation Aerosol. 

Liquid aerosols: Mist, fog. Nasal 
relief sprays (naphazoline 
hydrochloride solution). 
Betamethasone Valerate T opical 
Aerosol US P . P ovidone-Iodine 
Topical Aerosol. 

No colloidal dispersions. 
rubbers). Pumice. Effervescent salt.5 i.n water. --------..:.......:.......:....._..::..__.....:.. ___________ ..:.........:..:_ ..:....._:.....:, __________________ _ 
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Lyopbobic Dispersions- When there is little attraction 
between the disperse phase and the dispersion medium, the 
dispersion is said to be lyophobic (solvent-hating). Hydro­
phobic dispersions consist of particles that are not hydrated, 
so that water molecules interact with or attract one another 
in preference to solvating the particles. They include aque­
ous dispersions of oleophilic materials such as polystyrene or 
gum rubber (latex:), steroids and other organic lipophilic 
drugs, paraffin wax, magnesium stearate, and of cottonseed 
or soybean oil (emulsion). While lipophilic materials are 
generally hydrophobic, materials like sulfur, silver chloride 
and gold form hydrophobic dispersions without being lipo­
philic. Water-in-oil emulsions are lyophobic dispersions in 
lipophilic vehicles. 

Because of the lack of attraction between the disperse and 
the continuous phase, lyophobic dispersions are intrinsically 
unstable and irreversible. Their large surface free energy is 
not lowered by salvation. The dispersion process does not 
take place spontaneously, and once the dispersion medium 
has been separated from the disperse phase, the dispersion is 
not easily reconstituted. The d ividing line between hydro­
philic and hydrophobic dispersions is not very sharp. For 
instance, gelatinous hydroxides of polyvalent metals such as 
Al(OHh and Mg(OHh, and clays such as bentonite and 
kaolin, possess some characteristics of both.22•24-~7 

Association Colloids-Organic compounds which con­
tain large hydrophobic moieties together with strongly hy­
drophilic groups in the same molecule are said to be amphi­
philic. While the individual molecules are generally too 
small to bring their solutions into the colloidal sii.e range, 
they tend to associate in aqueous or oil solutions into mi­
celles {see above). Because micelles are large enough to 
qualify as colloidal particles, such compounds are called 
association colloids. 

Lyophoblc Dispersions 

Most of the discussion of lyophobic dispersions deals with 
hydrophobic dispersions or hydrosols (hydrophobic solids or 
liquids dispersed in aqueous media) because water is the 
most widely used vehicle. They comprise aqueous disper­
sions of insoluble organic and inorganic compounds which 
usually have low degrees of hydration. Organic compounds 
which are preponderantly hydrocarbon in nature and pos­
sess few hydrophilic or polar groups are insoluble in water 
and hydrophobic. 

Hydrophobic dispersions are intrinsically unstable. The 
most stable state of such systems contains the disperse 
phase coalesced into large crystals or drops, so that the 
specific surface area and surface free energy are reduced to a 
minimum. Therefore, mechanical, chemical or electrical 
energy must be supplied to the system to break up the 
disperse phase into small particles, providing for the in­
crease in surface free energy resulting from the parallel in­
crease in specific surface area. Furthermore, special means 
must be found to stabilize hydrophobic dispersions, pre­
venting the otherwise spontaneous coalescence or coagula­
tion of the disperse phase after it has been finely dispersed. 

Preparation and Purification of Lyophobic Dispersions 

Colloidal dispersions are intermediate in size between true 
solutions and coarse suspensions. They can be prepared by 
aggregation of small molecules or ions until particles of col­
loidal dimensions result (condensation methods), or by re­
ducing coarse particles to colloidal dimensions through com­
minution or peptization (dispersion methods). 

Dispersion Methods-T he first method, mechanical 
disintegration of solids and liquids into small particles and 
their dispersion in a fluid vehicle, is frequently carried out 

by input of mechanical energy via shear or attrition. Equip­
ment such as colloid and ball mills, micronizers and, for 
emulsions, homogenizers is described in Chapters 83 and 88 
and in Ref 29. Dry grinding with inert, water-soluble dilut­
ing agents also produces colloidal dispersions. Sulfur hy­
drosols may be prepared by triturating the powder with urea 
or lactose followed by shaking with water. 

Ultrasonic generators provide exceptionally high concen­
trations of energy. Successful dispersion of solids by mea.ns 
of ultrasonic waves can only be achieved with comparatively 
soft materials such as many organic compounds, sulfur, tal­
cum, and graphite. Where fine emulsions are mandatory, 
such as soybean oil-in-water emulsions used for intravenous 
feeding, emulsification by ultrasound waves is the method of 
choice.29 The formation of aerosols is described in Chapter 
92. 

It should be reiterated that hydrosols of hydrophobic sub­
stances are intrinsically unstable. While mechanical disin­
tegration may break up the disperse phase into colloidal 
particles, the resultant dispersions tend towards separation 
of that phase. Recrystallization, coagulation or coalescence 
causes the disperse particles to become progressively coarser 
and fewer, ultimately resulting in the separation of a macro­
scopic phase. To avoid this, stabilizing agents must be add­
ed during or shortly after the dispersion process (see below). 
For instance, lecithin may be used to stabilize soybean oil 
emulsions. 

Pepti2ation is a second method for preparing colloidal 
dispersions. The term, coined by Graham, is defined as the 
breaking up of aggregates or secondary particles into smaller 
aggregates or into primary pa.rt icles in the colloidal size 
range. Particles which are not formed of smaller ones a.re 
called "primary." Peptization is synonymous with defloc­
culation. It can be brought about by the removal of floccu­
lating agents, usually electrolytes, or by the addition of de­
flocculating or peptizing agents, usually surfactants, water­
soluble polymers or ions which are adsorbed at the particle 
surface. 24·27 

The mechanisms of the following examples are explained 
in subsequent sections. When powdered activated charcoal 
is added to water with stirring, the aggregated grains are 
broken up only incompletely and the resultant suspension is 
gray and translucent. Theadditionof0.1%or less of sodium 
lauryl sulfate or octoxynol disintegrates the grains into fine­
ly dispersed particles forming a deep black and opaque dis­
persion. Ferric or aluminum hydroxide freshly precipitated 
with ammonia can be peptized with small amounts of acids 
which reduce the pH below the isoelectric points of t he 
hydroxides (see below). Even washing the gelatinous pre­
cipitate of Al(OHb with water tends to peptize it. In quan­
titative analysis, the precipitate is therefore washed with 
dilute solutions of ammonium salts t hat act as flocculating 
agents, rather than with water. 

Condensation Methods-The preparation of sulfur hy­
drosols is employed to illustrate condensation or aggregation 
methods. Sulfur is insoluble in water but somewhat soluble 
in alcohol. When an alcoholic solution of sulfur is mixed 
with water, a bluish white colloidal dispersion results. In 
the absence of added stabilizing agents, the particles tend to 
agglomerate and precipitate on standing, This technique of 
dissolving the material in a water-miscible solvent such as 
alcohol or acetone and producing a hydrosol by precipitation 
with water is applicable to many organic compounds, and 
has been used to prepare hydrosols of natural resins like 
mastic, ofstearic acid and of polymers (the so-called pseudo­
latexes). 

For sulfur, another less common physical method is to 
introduce a curren t of sulfur vapor into water. Condensa­
tion produces colloidal particles. Alternatively, the very 
fine powder produced by condensing sulfur vapor on cold 
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rd faces (sublimed sulfur or flowers of sulfur) can be 
sd~ 1 su!..1 

1
·n water by addition of a suitable surfactant to 1sperseu 

roduce a hydrosol. 
p Chemical methods ii:iclude the reacti?n betw~en hydrogen 
sulfide and su_lfur dioxide, eg, by bubbling H-iS mto an aque­
ous so2 solution: 

2 HzS + SO2 -- 3 S + 2 H20 

The same reaction occurs when aqueous solutions contain­
·ng sodium sulfide and sulfite are acidified with an excess of 
~ulfuric or hydrochloric acid. Another reaction is the de­
composition of sodium thiosulfate by sulfuric acid, using 
either very dilute or very concentrated solutions to obtain 
colloidally dispersed sulfur: 

H2S04 + 3 Nai:\20 3 - 4 S + 3 Na-iSO• + H20 

Both reactions also produce pentathionic acid, H:iSsO6, as a 
by-product. The preferential adsorption of the pentathion­
ate anion at the surface of the sulfur particles confers a 
negative electric charge on the particles, stabilizing the sol 
(see below).22,26,27 When powdered sulfur is boiled with a 
slurry of lime, it dissolves with the formation of calcium 
pentasulfide and thiosulfate. Subsequent acidification pro­
duces the colloidal "milk of sulfur," which on washing and 
drying yields Precipitated Sulfur USP (see Chapter 82). 

Sols of ferric, aluminum, chromic, stannic and t itanium 
hydroxides or hydrous ox.ides a.re produced by hydrolysis of 
the corresponding chlorides or nitrates: 

Hydrolysis is promoted by boiling the solution and/or by 
adding n base to neutralize the acid formed. 

Double decompositions producing insoluble salts can lead 
to collvidal dispersions. Examples are silver chloride and 
nickel sulfide: 

NaCl + AgNO3 - AgCl + NaNO3 

(NH4) 2S + NiCl2 - NiS + 2 NH4Cl 

Compare al.so the preparation of White Lotion, which con­
tains precipitated zinc sulfide and sulfur (Chapter 63). Re­
ducing salts of gold, silver , copper, mercury, platinum, rho­
dium and palladium with formaldehyde, hydrazine, hydrox­
ylamine, hydroquinone or stannous chloride produces 
hydrosols of the metals. These are strongly colored, eg, red 
or blue.21.22.27 

Radioactive Colloids-Colloidal dispersions containing 
radioactive isotopes find increasing diagnostic and thera­
peutic application in nuclear medicine. Radioactive col­
loids that accumulate in tumors and/or lesions or emboli, 
indicating their location and size, may be used as diagnostic 
aAid_s .. Radioactive colloids with a particle size of about 300 

, Injected intravenously, locate mainly in the reticuloendo­
~helial systems of liver, spleen and other organs and are usP.d 
in_ scintillation imaging. The radiation emitted by the col­
loids is made visible by stationary or scanning devices which 
show the location, size and shape of the organ being investi­
gated, as well as any tumors within. Radiocolloids are use­
f~l_in anticancer radiation therapy because of their low solu­
~ihty, radiation characteristics, and their ability to accumu­
ate and remain located in certain target organs or tumors.30 

Colloidal gold Au 198 is made by reducing a solution of 
gold (198Au) chloride either by treatment with ascorbic acid 
or by heating with an alkaline glucose solution. Gelatin is 
added as a protective colloid (see below). The particle size 
ranges from 50 to 500 A with a mean of 300 A. The color of 
the sol is cherry-red in transmitted light. Violet or blue sols 
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have excessively large particle s izes and should be discarded. 
Colloidal gold is used as a diagnostic and therapeutic aid (see 
Chapter 33). The half-life of 198Au is 2. 7 days. 

Technetium 99m sulfur colloid is prepared by reducing 
sodium pertechnetate 99mTc with sodium thiosulfate. The 
product, a mixture of technetium sulfide and sulfur in the 
colloidal particle size range, is stabilized with gelatin. It is 
used chiefly in liver, spleen and bone scanning. Its half-life 
is 6.0 hour. 

Microspheres of gelatin or human serum albumin can be 
erepared in fairly narrow particle-size ranges from 100-200 
A through 45-55 µm. A variety of /3· and -y-emitting radio­
nuclides such as 1311, 99mTc, llJmJn or .51Cr can be incorporat­
ed to label the microspheres. Such products have been used 
to scaJI heart, brain, urogenital and gastrointestinal tracts, 
liver, and in pulmonary perfusion and inhalation studies.30 

Refer to Chapters 32 and 33 for an in-depth discussion of 
radioisotopes. 

Organic compounds that are weak bases, such as alkaloids, 
are usually much more soluble at lower pH values where they 
are ionized than at higher pH values where they exist as the 
free base. Increasing the pH of their aqueous solutions well 
above their pKa may cause precipitation of the free base. 
Organic compounds which are weak acids, such as barbitu­
rates, are usually much more soluble a t higher pH values 
where they are ionized than at lower pH values where they 
are in the un-ionized acid form. Lowering the pH of their 
solutions well below their pKa may cause precipitation of 
the un-ionized acid. Depending on the supersaturation of 
the un-ionized acids or bases and on the presence of stabiliz­
ing agents, the resultant dispersions may be in the colloidal 
range. 

Kinetics of Particle Formation- When the solubility of 
a compound in water is exceeded, its solution becomes su­
persaturated and the compound may precipitate or crystal­
lize. The rate of precipitation, the particle size (whether 
colloidal or coarse), and the particle size uniformity or distri­
bution (whether a narrow distribution and nearly monodis­
perse or homodisperse particles, or a broad distribution and 
polydisperse or heterodisperse particles) depend on two 
successive and largely independent proce.sses, nucleation 
and growth of nuclei. 

When a solution of a salt or of sucrose is supercooled, or 
when a chemical reaction produces a salt in a concentration 
exceeding its solubility product, separation of the excess 
solid from the supersaturated solution is far from instanta­
neous. Clusters of ions or molecules called nuclei must 
exoeed a critical size before they become stable and capable 
of growing into colloidal size crystals. These embryonic 
particles have much more surface for a given weight of mate­
rial than large and stable crystals, resulting in higher surface 
free energy and greater solubility. 

Whether nucleation takes place depends on the relatiue 
supersaturation. If C is the actual concentration of the 
solute before crystallization has set in, and C, is its solubility 
limit, C - C, is the supersaturation and (C - C,)/C, is the 
relative supersaturation. Von Weimarn recognized that the 
rate or velocity of nucleation (number of nuclei formed per 
liter per second) is proportional to the relative supersatura­
tion. Nucleation seldom occurs at relative supersaturations 
below 3. The foregoi ng statement refers to homogeneous 
nucleation, where the nuclei are clusters of the same chemi­
cal composition as the crystallizing phase. If the solution 
contains solid impurities, such as dust particles in suspen ­
sion, these may act as nuclei or centers of crystallization 
(heterogeneous nucleation). 

Once nuclei have formed, the second process, crystalliza­
tion, begins. Nuclei grow by accretion of ions or molecules 
from solution forming colloidal or coarser particles until the 
supersaturation is relieved, ie, until C = C,. The rate of 
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crystallization or growth of nuclei is proportional to the 
supersaturation. The appropriate equation, 

dm = As,,D (C _ C) 
dt o • 

is similar to the Noyes-Whitney equation governing the dis­
solution of particles (see Chapter 31) except that C < C, for 
the latter process, making dm/dt negative. In both equa­
tions, m is the mass of material crystallizing out in time t, D 
is the diffusion coefficient of the molecules or ions of the 
solute, o is the length of the diffusion path or the thickness of 
the liquid layer adhering to the growing particles, and Asp is 
their specific surface area. The presence of dissolved impu­
rities may affect the rate of crystallization and even change 
the crystal habit, provided that these impurities are surface­
active and become adsorbed on the nuclei or growing crys­
tals.22,23-25-28 For instance, 0.005% polysorbate 80 or octox­
ynol 9 significantly retard the growth of methylprednisolone 
crystals in aqueous media. Gelatin or povidone, at concen­
trations <0.10%, retard the crystal growth of sulfathiazole in 
water. 

Von Weimarn found that the particle size of the crystals 
depends strongly on the concentration of the precipitating 
substance. At a very low concentration and slight relative 
supersaturation, diffusion is quite slow because the concen­
tration gradient is very small. Sufficient nuclei will usually 
form to relieve the slight supersaturation locally. Crystal 
growth is limited by the small amount of excess dissolved 
material available to each particle. Hence, the particles 
cannot grow beyond colloidal dimensions. This condition is 
represented by points A, D and G of the schematic plot of 
von Weimarn (Fig 19-20). At intermediate concentrations, 
the extent of nucleation is somewhat greater but much more 
material is available for crystal growth. Coarse crystals 
rather than colloidal particles result (points B, E or H). 

At high concentrations, nuclei appear so quickly and in 
such large numbers that supersaturation is relieved almost 
immediately, before appreciable diffusion occurs. The high 
viscosity of the medium also slows down diffusion of excess 
dissolved ions or molecules, retarding crystal growth without 
substantially affecting the rate of nucleation. A large num­
ber of very small particles results which, because of their 
proximity, tend to link, producing a translucent gel (points C 
and F). On subsequent dilution with water, such gels usual­
ly yield colloidal dispersions. 

Thus, colloidal systems are usually produced at very low 
and high supersaturations. Intermediate values of super­
saturation tend to produce coarse crystals. Low solubility is 
a necessary condition for producing colloidal dispersions. If 
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Fig 19-20. Eflect of the concentration of the precipitating material 
and of aging on particle size. 28 Curves ABC, DEF and GHI corre­
spond to increasing aging. Both axes are on a logarithmic scale. 

the solubility of the precipitate is increased, for instance by 
heating the dispersion, a new :family of curves will result, 
similar in shape to ABC, DEF, and GHI of Fig 19-20, but 
displaced upwards (towards larger particle sizes) and to the 
right (towards higher concentrations).25-28 

Condensation methods generally produce polydisperse 
sols because nucleation continues while established nuclei 
grow. The particles in the res ultant dispersion grew from 
nuclei formed at different times and had different growth 
periods. 

A useful technique for preparing monodispersed sols in 
the colloidal range by precipitation consists in forming all 
the nuclei in a single, brief burst: When, in the course of the 
precipitation process, the rate of homogeneous nucleation 
becomes appreciable, a brief period of nucleation relieves 
the supersaturation partially to such an extent that no new 
nuclei form subsequently. By controlling the precipitation 
process, it is rendered so slow t hat the supersaturation re­
mains too small for further nucleation. Therefore, the nu­
clei formed in the initial burst grow uniformly by diffusion of 
the precipitating material as the precipitation process pro­
ceeds slowly. Throughout the rest of the precipitation, the 
supersaturation never again reaches sufficiently high values 
for forming new nuclei. It is relieved by continuous growth 
of the existing nuclei. 23,25,31 

Controlled hydrolysis of salts of di- and trivalent cations 
in aqueous solution at elevated temperatures has been used 
to produce colloidal dispersions of metal (hydrous) oxides of 
uniform size and shape, in a variety of well-defined shapes 
(eg, sphere, lath, cube, disc, hexagonal). Complexation of 
the cations, concentration and temperature control the rate 
of hydrolysis and, hence, the chemical composition, crystal­
linity, shape and size of the dispersed phase.32 

A feature of Fig 19-20 is that aging increases the particle 
size. Curves ABC, DEF and G HI correspond to increasing 
times after mixing the reagents. Typical ages are 10-30 
min, several hours, and weeks or years, respectively. This 
gradual increase in particle size of crystals in their mother 
liquor is a recrystallization process called Ostwald ripening. 
Very small particles have a higher solubility than large parti­
cles of the same substance owing to their greater specific 
surface area and higher surface free energy. In a saturated 
solution containing precipitated particles of the solute in a 
wide range of particle sizes, the very smallest particles dis­
solve spontaneously and the material deposits onto the large 
particles. The growth of the large crystals at the expense of 
the very small ones occurs because this process lowers the 
free energy of the d ispersion. As mentioned above, the most 
stable system is the suspension of a few coarse crystals, 
whereas the colloidal dispersion of a great many fine parti­
cles of the same substance is intrinsically less stable. 

The spontaneous coarsening of colloidal dispersions on 
aging is accelerated by a relatively high solubility of the 
precipitate and can be retarded by lowering the solubility or 
by adding traces of surface-active compounds which are 
adsorbed at the particle surface. For instance, barium sul­
fate precipitated by mixing concentrated solutions of sodi­
um sulfate and barium chloride is largely in the colloidal 
range and passes through filter paper. The colloidal parti­
cles gradually grow in size by Ostwald ripening, forming 
large crystals which can be removed quantitatively by filtra­
tion. Heating the aqueous dispersion speeds up this recrys­
tallization by increasing the solubility of barium sulfate in 
water. The addition of ethyl alcohol lowers the solubility, 
retarding Ostwald ripening so that the dispersion remains in 
the colloidal state for years. 

MathematicaUy the effect of particle size on solubility is 
expressed as 

(2-rM) S -= S., exp rpRT (34) 

1 
l 
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Table XIII-Effects of Particle Size on Solubllffy 

0.01 
0.10 
1.0 

10 

M ,. 500; 'Y = 30 ergs/cm•; p • I 

s 

7S. 
1.12 s. 
1.01S. 
1.001 s. 

where Sis the solubility of a spherical crystal of radius r, S. 
is the solubility of an infinitely large crystal (r = a:,), Mis the 
molecular weight, P is the density, 'Y is the crystal/solvent 
interfacial tension, R is the gas constant and T is the abso­
lute temperature. Only approximations can be obtained 
with this equation because the particles are not spheres, and 
-y values are diff~rent for different crystal faces. Table XIII 
shows the magnitude of particle size effects on the solubility 
for reasonable values of M, 'Y and p. It is evident that with 
particles in the colloidal range, ie, r ~ 1 1,1m, S values become 
appreciably greater than that for a coarse crystal, hence the 
tendency for very fine particles to dissolve and for coarse 
crystals to grow at the expense of the former. This differ­
ence in solubility explains why difficulty is encountered in 
preparing and stabilizing suspensions of very fine particles 
of certain substances. 

Two techniques are used to increase the solubility of very 
slightly soluble drugs and, hence, their rate of dissolution in 
uiuo. Many organic compounds exist in various polymor­
phic modifications. For instance, corticosterone, testoster­
one, sulfaguanidine and pentobarbital each have fou r poly­
morphic forms, with different melting points and crystal 
struc~~~- The three metastable polymorphs have higher 
solub1ht1es than the stable form. Solvates of solid drugs, eg, 
hydrates, have different crystalline structures and either 
higher or lower solubilities than the anhydrous forms. The­
ophylline monohydrate is less soluble than the anhydrous 
form while succinylsulfathiazole is less soluble than its sol­
vate with 1-pentanol. Milling and grinding organic crystals 
ma}'. produce significant proportions of amorphous or 
stramed crystalline material, which has higher solubility 
than the original crystalline material.33 

Another process by which particles in colloidal dispersions 
grow in size is by agglomeration of individual particles into 
aggregates. This process, called coagulation, is discussed 
below. 

Pu.rificati-On of Hydrosols by Dialysis and Ultra/ iltration 

M~y hydrosols contain low molecular-weight, water-sol­
uble impurities. Inorganic dispersions often contain salts 
formed by the reaction producing the disperse phast. S!>lts 
are «:5pecially objectionable in the case of hydrophobic dis­
persi~ns because they tend to coagulate such dispersions. 
Protein_ solutions often contain salts added as part of the 
~eparat1on procedure. The blood of patients with renal 
insufficiency contains excessive concentrations of urea and 
o~her low-molecular-weighL metabolites and salts. These 
dissolved impurities of small molecular size are removed 
from the colloidal dispersions by means of membranes with 
pore openings smaller than the colloidal particles. 

Membranes-Conventional filter papers are permeable 
to colloidal particles as well as to small solute molecules. 
Am~ng the early membranes capable of retaining colloidal 

6art1cles but permeable to small solute molecules were pig's 
lad?er and parchment. Most membranes in current use 

COnstSt of cellulose, cellulose nitrate prepared from collodi­
?n, cellulose acetate or synthetic polymers and are available 
in • I 

a variety of shapes, gauges, and pore sizes. Gel cello-
Phane is most widely used. It consists of sheets or tubes of 
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cellulose made by extruding cellulose xanthate solutions 
(viscose) throughslitor annular dies into a sodium bisulfate/ 
sulfuric acid bath which decomposes the xanthate, precipi­
tating the regenerated cellulose in a highly swollen or gel 
state. If the cellulose film were permitted to dry after puri­
fication and washing with water, it would crystallize and 
shrink excessively, losing most of its extensive micropore 
structure and turning somewhat brittle. The film is there­
fore impregnated with glycerin before drying. Glycerin re­
mains in the film rather than evaporating like water. It 
reduces the shrinkage and blocks crystallization. This ac­
tion prevents the collapse of the porous gel structure and 
plastici2es the film, keeping it flexible. A typical dialysis 
tube made from sausage casing swells to about twice its 
thickness in water and has an average pore diameter of 34 A. 
While the pore structure of cellophane films used in dialysis 
and ultrafiltration causes re tention of colloidal particles but 
permits the passage of small solute molecules, osmotic mem­
branes are only permeable to water and retain small solute 
molecules as well as colloidal particles. 

Dialyllis-The colloidal dispersion is placed inside a sac 
made of sausa.ge casing dipping in water. The small solute 
molecules diffuse out into the water while the colloidal mate­
rial remains trapped inside because of its size. The rate of 
dialY:lis is increased by increasing the area of the membrane, 
by stirring, and by maintaining a high concentration gradi­
ent across the membrane. For the latter purpose, the water 
is replenished continuously or at least frequently. A mem­
brane configuration which provides a particularly extensive 
transfer area for a given volume of dispersion is the hollow 
fiber. A typical fiber measures 175 µm inside diameter and 
225 µm outside diameter. The dispersion to be dialyzed is 
circulated inside a bundle of parallel fibers while water is 
circulated outside the fibers throughout the bundle. Dialy­
sis of the diffusing species takes place across the thin fiber 
wall. Dialysis is used in the laboratory to purify sols and to 
study binding of drugs by proteins, as well as in some manu­
facturing processes. 

Electrodialysis-lf the low-molecular-weight impurities 
to be removed are electrolytes, the dialysis can be speeded 
up by applying an electric potential to the sol which pro­
duces electrolysis. An electrodialyzer (Fig 19-21) is divided 
into three compartments by two dialysis membranes sup­
ported by screens. The two outer compartments, in which 
the two electrodes are placed, are filled v.'ith water while the 
sol is placed into the center compartment. Under the influ­
ence of the, applied potential, the anions migrate from the sol 
into the anode (right) compartment while the cations mi­
grate into the cathode compartment. Low-molecular­
weight nonelectrolyte solutes diffuse into either compart­
ment. 

Colloidal particles are usually charged and therefore tend 
to migrate towards the membrane sealing off the compart­
ment with the electrode of opposite charge. The combina­
tion of electrophoresis (see below) and gravitational sedi­
mentation produces the accumulation of negatively charged 
sol particles shown in Fig 19-21. Hence the supernatant 
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Fig 19-21. Electrodialyzer showing eleclrodecantation 
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liquid can be changed by decantation. This process, which 
may be used to speed up electrodialysis, is called electrode­
cantation. 21,25 

Ultrafiltration- When a sol is placed in a compartment 
closed by a dialysis membrane and pressure is applied, the 
liquid and the small solute molecules are forced through the 
membrane while the colloidal particles are retained. This 
process, called ultrafiltration, is based on a sieving mecha­
nism in which all components smaller than the pore size of 
the filter membrane pass tnrough it. The pressure differ­
ence required to push the dispersion medium tnrough the 
ultrafilter is provided by gas pressure applied on the sol side 
or by suction on the filtrate side, The membrane is usually 
supported on a fine wire screen. 24. r, 

As ultrafiltrate is being removed, the sol becomes more 
concentrated because a constant amount of disperse parti­
cles is confined to a decreasing volume of liquid . Some 
dissolved small molecules or ions are left in the sol together 
with the residual water. To avoid the increase in concentra­
tion of the colloidal particles and remove the dissolved im­
purities completely, the ultrafiltrate squeezed from the sol is 
replenished continuously or intermittently with an equal 
volume of water. During ultrafiltration. solids tend to accu­
mulate on and near the membrane. To prevent this buildup 
and maintain uniform composition throughout the sol, it is 
stirred. 

Bundles of hollow fibers are used for ultrafiltration in the 
laboratory and on large scale. To withstand higher pres­
sures, the wall thickness of the fibers used in ultrafiltration 
is usually greater than that of fibers used exclusively for 
dialysis. When hollow fibers are fouled by excessive accu­
mulation of solids on the inner wall, they are clea ned by 
backflushing with water or ultrafiltrate. 

Hemodialysis- The blood of uremic patients is d ialyzed 
periodically in "artificial kidney" dialyzers to remove urea, 
creatinine, W'ic acid, phosphate and other metabolites, and 
excess sodium and potassium chloride. T he dialyzing fluid 
contains sodium, potassium, calcium, chloride and acetate 
ions (the latter are converted in the body to bicarbonate), 
dextrose and other constituents in the same concentration as 
normal plasma. Since it contains no u.rea, creatinine, uric 
acid, phosphate nor any of the other metabolites normally 
eliminated by the kidneys, these compounds diffuse from 
the patient 's blood into the dialyzing fluid until their con­
centration is the same in blood and fluid. Sodium and 
potassium chloride diffuse from blood to fluid because of 
their higher initial concentration in the blood, and continue 
to diffuse until the concentration is equalized. The volume 
of dialyzing fluid is much greater than that of blood, The 
great disparity in volume and the replenishment of dialyzate 
with fresh fluid ensure that the metabolites and the excess of 
electrolytes are removed almost completely from the blood. 
Hemodialysis is also employed in acute poisoning cases . 
. Pl~ma proteins and blood cells cannot pass through the 

d1alys1s membrane because of their size. Edema resulting 
from water retention can be relieved by ultrafiltration 
through the application of a slight pressure on the blood side 
or a partial vacuum on the fluid side. 

The three geometries used to circulate the blood and the 
dialyzing fluid in a countercurrent fashion are a coil of flat­
~ened cellulose tubing wound concentrically with a support­
mg mesh screen around a core, a stack of flat cellulose sheets 
separated by ridged or grooved plates, and hollow fibers . 
The regenerated cellulose used in the former two is precipi­
tated from a cuprammonium solution. The hollow cellulose 
acetate fibers have an outside diameter of about 270 µm and 
a wall thickness of 30 µm.3' The advantage of hollow fibers 
is their compactness. A bundle of 10,000 fibers 18 cm long 
has a surface area of 1.4 m2• 

Particle Shape, Optical, and Transport Properties of 
Lyophabic Dispersions 

Hy~roph?bic materials handle~ by pharmacists in aque­
ous d1spers1on range from metallic conductors to inorgani 
?recipitates to organic solids and liquids which are electri~ 
t~sulators. Despit_e the great d iversity of the hydrophobic 
dtspe~e phase, their hydrosols have certain common charac. 
ter1st1cs. 

Particle Shape and Particle Size Distribution-Both 
of these properties depend on the chemical and physical 
nature of the disperse phase and on the method employed to 
prepare the dispersion. Primary particles exist in a great 
variety of shapes. Their aggregation produces an even 
greater variety of shapes and structures. Precipitation and 
mechanical comminution generally produce randomly 
sha.ped particles unless the precipitating solids possess pro- 1 
nounced crystallization habits or the solids being ground 1 

possess strongly developed cleavage planes. Precipitated 
aluminum hydroxide gels and rnicronized particles of sulfon­
amides and other organic powders h:ive typical irregular 
random shapes. An exception is bismuth subnitrate. Even 
though its particles are precipitated by hydrolyzing bismuth 
nitrate solutions with sodium carbonate, its particles are 
lath-shaped. Precipitated silver chloride particles have a 
cubic habit which is apparent under the electron micro­
scope. Lamellar or plate-like solids in which the molecular : 
cohesion between layers is much weaker than within layers · 
frequently preserve their lamellar shape during mechanical t 
comminution, because milling and micronization break up 1 

stacks of thin plates in addition to fragmenting plates in the 
lateral dimensions. Examples are graphite, mica and ka­
olin. Figure 19-22 shows a Georgia crude clay as mined. 
Processing yields the refined, fme-particle kaolinite of Fig 
19-23. Similarly, macroscopic asbestos and cellulose fibers 
consist of bundles of microscopic and submicroscopic fibrils. 
Mechanical comminution or beating splits these bundles 
into the component fibrils of very small diameters as well as 
cutting them shorter. 

Microcrystalline cellulose is a fibrous thickening agent 
and tablet additive made by selective hydrolysis of cellulose. 

Fig 19-22. Scanning electron micrograph of a crude kaolin clay as 
mined. Processing yields the fine particle material of Fig 19-23 
(courtesy, JOhn L Brown, Engineering Experiment Station, Georgia 
Institute or Technology). 
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Fig 19-23. Transmission electron micrograph or a well crystallized, 
line-particle kaolin. Note hexagonal shape of the clay platelets 
(coiJ1esy, John L Brown, Engineering Experiment Station, Georgia 
1nstiMe of Technology). 

Native cellulose consists of crystalline regions where the 
polymer chains are well aligned and in registry, with maxi­
mum interchain attraction by secondary valence forces, 
called crystallites, and of more disordered regions having 
lower density and reduced interchain attraction and crystal­
linity, the so-called "amorphous" regions. During treat­
ment with dilute mineral acid, the acid penetrates the amor­
phous regions relatively fast and hydrolyzes the polymer 
chains into water-soluble fragments. If the acid is washed 
out before it penetrates the crystalline regions appreciably, 
the crystallites remain intact. Wet milling and spray-dry­
ing the aqueous suspension produces spongy and porous 
aggregates of rod-shaped or fibrillar bundles shown in Fig 
19-24. These aggregates, averaging 100 µm in size, were 
embrittled by the acid treatment and lost the elasticity of 
the native cellulose. They are well compressible and capa­
ble of undergoing plastic deformation, a property important 
in tableting. Their porosity permits the aggregates to ab­
sorb liquid ingredients while still remaining a free-flowing 
powder, thus preventing these liquids from reducing the 
flowability of the granulation or direct-compression mass 
during tableting. The swelling of the cellulosic particles in 
water speeds up the disintegration of the ingested tablets. 

Additional shear breaks up the aggregated bundles into 
the individual, needle- or rod-shaped cellulose crystallites 
shown in Fig 19-25. The latter, which average 0.3 µm in 
length and 0.02 /.LID in width, are of colloidal dimensions. 
These primary particles act as suspending agents in water, 
~roducing thixotropic structured vehicles. At concentra­
tions above 10%, eg 14 or 15%, the cellulose microcrystals gel 
Water to ointment consistency by swelling and producing a 
con~inuous network of rods extending throughout the entire 
vehicle. Attraction between the elongated particles is pre­
:in1 ably due to flocculation in the secondary minimum (see 

ow). Treatment of the microcrystalline mass with sodi-
~ car~xymethylcellulose facilitates its disintegration into 
th~ Pn~ary needle-shaped particles and enhances their 

tckenmg action. 
While in the special cases of certain clays and cellulose, 

:illl.~inution produces lamellar and fibrillar particles, re­
J>ecttvely, as a rule regular particle shapes are produced by 
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Fig 19-24. Scanning electron micrograph or Avicel PH-102 tablet­
ing grade microcrystalline cellulose. The aggregates of fiber bundles 
are porous and compressible (courtesy, FMC Corporation; Avicel Is a 
registered trademark of FMC Corporation). 

I 

Fig 19-25. Transmission electron micrograph or Avicel RC-591 
thickening grade microcrystalline cellulose. The needles are individ­
ual cellulose crystallites; some are aggregated into bundles (courtesy, 
FMC Corporation; Avicel is a registered trademark of FMC capora­
tion). 

condensation rather than by disintegration methods. Col­
loidal silicon dioxide is called fumed or pyrogenic silica 
because it is manufactured by high-temperature, vapor­
phase hydrolysis of silicon tetrachloride in an oxy-hydrogen 
flame, ie, a flame produced by burning hydrogen in a stream 
of oxygen. The resultant white powder consists of submi­
croscopic spherical particles of rather uniform size (narrow 
particle size distribution). Different grades are produced 
by different reaction conditions. Relatively large. single 
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spherical particles are shown in Fig 19-26. Their average 
diameter is 50 nm (500 A), corresponding to the compara­
tively small specific surface area of 50 m2/g. Smaller spheri­
cal particles have correspondingly larger specific surface ar­
eas; the grade with the smallest average diameter, 5 nm, has 
a specific surface area of 380 m 2/g. During the manufactur­
ing process, the finer-grade particles tend to sinter or grow 
together into chain-like aggregates resembling pearl neck­
laces or streptococci (see Fig 19-27). 

Since fumed silica is amorphous, its inhaled dust causes no 
silicosis. The spheres of colloidal silicon dioxide are nonpo­
rous. While the density of the spherical particles is 2.13 
g/cm3, the bulk density of their powder is a mere 0.05 g/cm3; 

the powder is extremely light. This results in two pharma­
ceutical and cosmetic applications for colloidal silicon diox­
ide. It is used to increase the fluffiness or bulk volume of 
powders. Even more than microcrystalline cellulose, the 
high porosity of silica enables it to absorb a variety of liquids 
from fluid fragrances to viscous tars, transforming them into 
free-flowing powders that can be incorporated into tablets or 
capsules. The porosity in colloidal silicon dioxide is due 
entirely to the enormous void space between the particles, 
which themselves are solid. 

When these ultrafine particles are incorporated at levels 
as low as 0.1 to 0.5% into a powder consisting of coarse 
particles or granules, they coat the surface of the latter and 
act as tiny ball bearings and spacers, improving the flowabi­
lity of the powder and eliminating caking. This action is 
important in tableting. Moreover, colloidal silicon dioxide 
improves tablet disintegration. 

The surface of the particles contains siloxane (Si-0-Si) 
and silanol (Si-OH) groups. When colloidal silicon dioxide 

Fig 19-26. Transmission electron micrograph of Aerosil OX 50, 
ground and dusted on. The spheres are translucent to the electron 
beam, causing overlapping portions to be darl<er owing to increased 
thickness (courtesy. Degussa AG ol Hanau. West Gennany; Aerosil Is 
a registered trademark of Degussa). The suffix 50 indicates the 
specific surface area In m2/g. 

• 

Fig 19-27. Transmission electron micrograph of Aerosil 130, 
g-ound and dusted on. The spheres are fused together into chain-like 
aggregates (courtesy, Degussa AG of Hanau, West Germany; Aerosll 
is a registered trademark of Degussa). The sulfix 130 gives the 
specific surface area in m2/g. 

powder is dispersed in non polar liquids, the particles tend to 
adhere to one another by hydrogen bonds between their 
surface groups. With finer grades of colloidal silicon diox­
ide, the spherical particles are linked together into short 
chain-like aggregates as shown in Fig 19-27, thus agglomer­
ating into loose three-dimensional networks which increase 
the viscosity of the liquid vehicles very effectively at levels as 
low as a few percent. These hydrogen-bonded structures 
are torn apart by stirring but rebuilt while at rest, conferring 
thixotropy to the thickened liquids. 

The grades which consist of relatively large and unat­
tached spherical particles, such as those of Fig 19-26, are less 
efficient thickening agents as they lack the high specific 
surface area and the asymmetry of the finer grades, which 
consist of short chains of fused spherical particles. ln the 
latter category is Aerosil 200, the grade most widely used as a 
pharmaceutical adjuvant, whose primary spheres, which are 
extensively sintered together, have an average diameter of 
12 nm. At levels of 8 to 10%, it thickens liquids of low 
polarity such as vegetable and mineral oils to the consistency 
of ointments, imparting considerable yield values to them. 
The consistency of ointments thickened with colloidal sili­
con dioxide is not appreciably reduced at higher tempera­
tures. Incorporation of colloidal silicon dioxide into oint­
ments and pastes, such as those of zinc oxide, also reduces 
the syneresis or bleeding of the liquid vehicles. 

Hydrogen-bonding liquids like alcohols and water solvate 
the silica spheres, reducing the hydrogen bonding between 
particle.s. These solvents are gelled at silica levels of 12-18% 
or higher. 

Latexes of polymers a re aqueous dispersions prepared by 
emulsion polymerization. Their particles are spherical be­
cause polymerization of solubilized liquid monomer takes 

, 
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ce inside spherical surfactant micelles which swell he­

p a se additional monomer keeps diffusing into the micelles. 
:xuamples include latex-ba~ed pai~ts. Some clays grow as 

I te-like particles possessmg stra.tght edges and hexagonal 
p ~les eg bentonite and kaolin (see Fig 19-23). Other clays 
~:ve !~th-shaped (nontronite) or needle-shaped particles 
(attapulgite). . . . . 

Emulsification produces spherical droplets to mm1m1ze 
the oil-water interfacial area. Cooling the emulsion below 
the melting point of the disperse phase freezes it in the 
pherical shape. For instance, paraffin can be emulsified in 

~
0

o water; cooling to room temperature produces a hydrosol 
with spherical particles. . . . 

Sols of viruses and globular protems, which are hydrophil-
ic contain compact particles possessing definite geometric 
shapes. Poliomyelitis virus is spherical, tobacco mosaic vi­
rus is rod-shaped, while serum albumin and the serum glob­
ulins are prolate ellipsoids of revolution (football-shaped). 

Dispersion methods produce sols with wide particle size 
distributions. Condensation methods may produce essen­
tially monodisperse sols provided specialized techniques are 
employed. Monodisperse polystyrene latexes are available 
for calibration of electron micrographs (see Fig 19-23). Bio­
logic hydrophilic polymers, such as nucleic acids and pro­
teins, form largely monodisperse particles, as do more highly 
organized structures such as lipoproteins and viruses. 

Light-Scattering by Colloidal Particles-The optical 
properties of a medium are determined by its refractive 
index. When the refractive index is uniform throughout, 
light will pass the medium undeflected. Whenever there are 
discrete variations in the refractive index caused by the 
presence of particles or by small-scale density fluctuations, 
part of the light will be scattered in all directions. An 
optic.al property characteristic of colloidal systems, called 
the Tyndall beam, is familiar to everyone in the case of 
aetosols. When a narrow beam of sunlight is admitted 
through a small hole into a darkened room, the presence of 
the minute dust particles suspended in air is revealed by 
bright flashing points. 

A beam of light striking a particle polarizes the atoms and 
molecules of that particle, inducing dipoles which act as 
secondary sources and reemit weak light of the same wave• 
length as the incident light. This phenomenon is called 
light-scattering. The scattered radiation propagates in all 
directions away from the particle. In a bright room, the 
light scattered by the dust particles is too weak to be notice­
able. 

Colloidal particles suspended in a liquid also scatter Light. 
When an intense, narrowly defined beam of light is passed 
through a suspension, its path becomes visible because of the 
scattering of light by the particles in the beam. This Tyn • 
dall beam becomes most visible when viewed against a dark 
background in a direction perpendicular to the incident 
beam. The magnitude of the turbidity or opalescence de­
pends on the nature, size and concentration of the particles. 
When clear mineral oil is d ispersed in an equal volume of a 
clear aqueous surfactant solution, the resultant emulsion is 
°;1ilky white and opaque due to light scattering. Microem~l­
~ion~, where the emulsified droplets are about 40 nm ( 400 A) f diameter, ie, much smaller than the wavelength of visible 
tght, are transparent and clear to the naked eye. 
!'he dark-field microscope or ultramicroscope, which per­f1ts observation of particles much smaller than the wave­

en&:h of light, was the only means of detecting submicro­
scopic particles before the advent of electron microscopy. A 
~ial cardioid condenser produces a hollow cylinder of 

ght and converges it into a hollow cone focused on the 
~p~e. The sample is at the apex of the cone, where the 
tght intensity is high. After passing through the sample, 
the cone of light diverges and passes outside of the micro-
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scope objective. A homogeneous sample thus gives a dark 
field. A similar effect can be produced with a regular Abbe 
condenser outfitted with a central stop and a strong light 
source. Colloidal particles scatter light in all directions. 
Some of the scattered light enters the objective and shows up 
the particles as bright spots. Thus, even particles smaller 
than the wavelength of light can be detected, provided their 
refractive index differs sufficiently from that of the medium. 
Dissolved polymer molecules and highly solvated gel parti­
cles do not scatter enough light to become visible. Asym­
metric particles like flat bentonite platelets give flashing 
effects as they rotate in Brownian motion, because they 
scatter more light with their basal plane perpendicular to the 
light beam than edgewise. Brownian motion, sedimenta­
tion, electropboretic mobility, and the progress of floccula­
tion can be studied with the dark-field microscope. Poly­
dispersity can be estimated qualitatively because larger par­
ticles scatter more light and appear brighter. The resolving 
power of the ultraroicroscope is no greater than that of the 
ordinary light microscope. Particles closer together than 
0.2 µ.m appear as a single blur. 

Turbidity may be used to measure the concentration of 
dispersed particles in two ways. In turbidimetry, a spectro­
photometer or photoelectric colorimeter is used to measure 
the intensity of the light transmitted in the incident direc­
tion. Turbidity,,,., is defined by an equation analogous to 
Beer's law for the absorption of light (see Chapter 30),24,

2
5,

27 

namely 

l lo ,,. = -ln-
1 /! 

where / 0 and / 1 are the intensities of the incident and trans­
mitted light beams, and I is the length of the dispersion 
through which the light passes. 

lf the dispersion is less turbid , the intensity of light scat­
tered at 90° to the incident beam is measured with a nephe­
lometer. Both methods require careful standardization 
with suspensions containing known amounts of particles 
similar to those to be measured. The concentration of col­
loidal dispersions of inorganic and organic compounds and 
of bacterial suspensions can thus be measured by their tur­
bidity. 

The turbidity or Tyndall effect of hydrophilic colloidal 
systems like aqueous solutions of gums, proteins and other 
polymers is far weaker than that of lyophobic dispersions. 
These solutions appear clear to the naked eye. Their tur­
bidity can be measured with a photoelectric cell/photomulti­
plier tube and serves to determine the molecular weight of 
the solute. 

The theory of light scattering was developed in detail by 
Lord Rayleigh. For white nonabsorbing nonconductors or 
dielectrics like sulfur and insoluble organic compounds, the 
equation obtained for spherical particles whose radius is 
small compared to the wavelength of light X is2

-l-
27 

4ir2n2(n - n )2 

I = I O 1 0 (l + cos2 /J) 
' o X 4d2c 

lo is the intensity of the unpolarized incident light; I . is the 
intensity of light scattered in a direction making an angle fJ 
with the incident beam and measured at a distanced. The 
scattered light is largely polarized. The concentration c is 
expressed as the number of particles per unit volume. The 
refractive indices n1 and no refer to the dispersion and the 
solvent, respectively. 

Since the intensity of scattered light is inversely propor­
tional to the fourth power of the wavelength, blue light (X ;; 
450 nm or 4500 A) is scattered much more strongly than red 
light (X ;; 650 nm or 6500 Ai. With incident white light, 
colloidal dispersions of colorless particles appear blue when 
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viewed in scattered light, ie, in lateral directions such as 90° 
to the incident beam. Loss of the blue rays due to preferen­
tial scattering leaves the transmitted light yellow or red. 
Preferential scattering of blue radiation sideways accounts 
for the blue color of the sky, sea, cigarette smoke, and diluted 
milk and for the yellow-red color of the rising and setting sun 
viewed head-on. 

The particles in pharmaceutical suspensions, emulsions 
and lot ions are generally larger than the wavelength of light 
A.. When the particle size exceeds ),,./20, destructive interfer­
ence between light scattered by different portions of the 
same particle lowers the intensity of scattered light and 
changes its angular dependence. Rayleigh's theory was ex­
tended to large and to strongly absorbing and conducting 
particles by Mie and to nonspherical particles by 
Gans.21.22.2-1-27 By using appropriate precautions in ex.peri­
mental techniques and in interpretation, it is possible to 
determine an average particle size and even the particle size 
distribution of colloidal dispersions and coarser suspensions 
by means of turbidity measurements. 

Diffusion and Sedimentation-The molecules of a gas 
or liquid are engaged in a perpetual, random thermal motion 
which causes them to collide with one another and with the 
container wall billions of times per second. Each collision 
changes the direction and the velocity of the molecules in­

volved. Dissolved molecules and suspended colloidal parti­
cles are continuously and randomly buffeted by the mole­
cules of the suspending medium. This random bombard­
ment imparts to solutes and particles an equally unceasing 
and erratic movement called Brownian motion. after the 
botanist Robert Brown who first observed it under the mi­
croscope with an aqueous pollen suspension. The Brownian 
motion of colloidal particles mirrors on a magnified scale the 
random movement of the molecules of the liquid or gaseous 
suspending medium, and represents a three-dimensional 
random walk. 

Solute molecules and suspended colloidal particles under­
go rotational and translational Brownian movement. For 
the latter, Einstein derived the equation 

x = J2Dt 

where xis the mean displacement in the x-direction in time t 
and Dis the di/fusion coefficient. Einstein also showed that 
for spherical particles of radius r under conditions specified 
in Chapter 20 for the validity of Stokes' law and Einstein's 
law of viscosity 

D=__lg_ 
6-ir,,rN 

where R is the gas constant, T the absolute temperature, N 
Avogadro's number, and T/ the viscosity of the suspending 
medium. 

The diffusion coefficient is a measure of the mobility of a 
dissolved molecule or suspended particle in a liquid medi­
um. Representative values at room temperature, in 
cm2/sec, are 4. 7 X 10-6 for sucrose and 6. l X 10-7 for serum 
albumin in water. With a diffusion coefficient of l x 10-7 

cm2/sec, Brownian motion causes a particle to move by an 
average distance of l cm in one direction in 58 days, by l mm 
in 14 hr, and by I µmin 0.05 sec. Smaller molecules diffuse 
faster in a given medium. Assuming spherical shape, the 
radius of a serum albumin molecule is 35 A and that of a 
sucrose molecule 4.4 A. The ratio of the radii of the two 
molecules 35/4.4 = 7.9 , is nearly identical with the inverse 
ratio of their diffusion coefficients in water, 4.7 x 10-6/6. l X 
10-7 = 7.7, in agreement with the above equation. Diffusion 
coefficients of steroids and other molecules of similar size 
dissolved in absorption bases based on petrolatum are gen­
erally in the 10-10 to 10-8 cm2/sec range. Steroids have only 
slightly hjgher molecular weights than sucrose. Their much 

smaller diffusion coefficients are due to the much higher 
viscosity of the vehicle. 

Dynamic light-scattering or photon-correlation spectros­
copy is based on the fact that 'the light scattered by particles 
in Brownian motion undergoes a minute shift in wavelength 
by the usual Doppler effect. The shift is so small that it can 
be detected only by laser light beams, which are strictly 
monochromatic and very intense. The wavelength shift, 
which shows up as line broadening, is used to determine the 
diffusion coefficient of the particles,23,26 which in turn yields 
their radius according to the equation above. 

Brownian motion and convection currents maintain dis­
solved molecules and small colloidal particles in suspension 
indefinitely. As the particle size and r increase, the Brown­
ian motion decreases; x is proportional to r - 112. Provided 
that the density of the particle dp and of the liquid vehicle dl 
are sufficiently different, larger particles have a greater ten­
dency to settle out when dp > dl or to rise to the top of the 
suspension when dp < dl than smaller particles of the same 
material. 

The rate of sedimentation is expressed by the Stokes' 
equation (Eq 35), which can be rewritten as 

2(dp - dl)r2gt h .,, _ ....:__.=,__;_ 

9,, 

where h is the height through which a spherical particle 
settles in time t. The rate of sedimentation i!I proportional 
to r2

• Thus, with increasing particle size, the Brownian 
motion diminishes while the tendency to sediment increases. 
The two become equal for a critical radius when the distance 
h through which the particle settles equals the mean dis­
placement x due to Brownian motion in the same time inter­
val t. 35 In most pharmaceutical suspensions, sedimentation 
prevails. Intravenous vegetable oil emulsions do not tend to 
cream because the mean droplet size, ca 0.5 µm, is smaller 
than the critical radius. 

Passive diffusion caused by a concentration gradient and 
carried out through Brownian motion is important in the 
release of drugs from topical preparations (see Chapter 87) 
and in the gastrointestinal absorption of drugs (see Chapter 
35). 

Viscosity- Most lyophobic dispersions have viscosities 
not much greater than that of the liquid vehicle. This holds 
true even at comparatively high volume fractions of the 
disperse phase unless the particles form continuous network 
aggregates throughout the vehicle, in which case yield values 
are observed. Most 0/W and W /0 emulsions have specific 
viscosities not much greater than those predicted by Ein­
stein's modified law of viscosity (see F.,q J l of Chapter 20 and 
text). For instance, emulsions containing 40% v/v of the 
internal phase generally have viscosities only three to five 
times higher than that of the continuous phase. By con­
trast, the apparent viscosities of lyophilic dispersions, espe­
cially of polymer solutions, are several orders of magnitude 
greater than the viscosity of the solvent or vehicle even at 
concentrations of only a few percent solids. Lyophilic dis ­
persions are also generally much more pseudoplastic or 
shear-thinning than lyophobic dispersions (see Chapter 20). 

Electric Properties and Stability of Lyophobic 
Dispersions 

Difference between Lyophilic and Lyophobic Disper­
sions-Lyophilic or solvent-loving solids are called hydro­
philic if the solvent is water. Owing to the presence of high 
concentrations of hydrophilic groups, they dissolve or dis­
perse spontaneously in water as far as is possible without 
breaking covalent bonds. Among hydrophilic groups are 
ioni7.ed ones which dissociate into highly hydrated ions like 
carboxylate, sulfonate or alkylammonium ions, and organic 

1 
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t . al groups like hydroxyl, carbonyl, amino, and imino 
func wn d bo d' which bind water throu~h hy _rogen . n in~. 

'l'he free energy of d1ssolut1on or d~spers1on, 6G,: of hy­
dro hilic solids inclu_des a large negative (_exotherC?1c) heat 
or !ithalpy of solvat1on, t.H,, and a large increase in ent~o-

6S Since 6G, = t.H. - T6S,, 6G., has a large negative 
PY1• . •· the dissolution of hydrophilic macromolecules and 
va ue. · d h'l' · 1 I'd . t h d 'spersion ofhy rop 1 1c parttcu ate so I s in wa er oc-
t e p'ontaneously (see Chapter 16), overcoming the parallel 
curs o· . eases in surface area and surface free energy. 1ssolu-incr . . 
t' and dispersion take place so that water can come mto 10

:tact and interact with the hydrophilic groups of the sol­
~s (enthalpy of sol~ation), and to increase the num~r of 
available configurations of the macromolecules and particles 
(entropy increase). 

The van der Waals energies of attraction between dis­
solved macromolecules or dispersed hydrophilic solid parti­
cles are smaller than 6G, and are, therefore, insufficient to 
cause separation of a solid polymer phase or agglomeration 
through flocculation or coagulation of the dispersed parti­
cles. Furthermore, the hydration layer surrounding dis­
solved macromolecules and dispersed particles forms a bar­
rier preventing their close approach. 

Hydrophobic iiolids and liquids such as organic com­
pounds consisting largely of hydrocarbon portions with few 
if any hydrophilic functional groups, like cholesterol and 
other steroids, and some nonionized inorganic substances 
like sulfur, are hydrated slightly or not at atl. Hence they do 
not disperse or dissolve spontaneously in water: 6G, is 
positive because of a positive (endothermic) t.H, term, mak­
ing the reverse process (agglomeration) the spontaneous 
one. Aqueous dispersions of such hydrophobic solids or 
liquids can be prepared by physical means which supply the 
a~p,vjjriatt energy to the system (see above). They are 
unstable, however. The van der Waals attractive forces 
between the particles cause them to aggregate, since the 
solvation forces which promote dispersal in water are weak. 
If aqueous dispersions of hydrophobic solids are to resist 
reaggregation (coagulation and flocculation). they must be 
stabilized. Stabilizing factors include electric charges at the 
particle surface (due to dissociation of ionogenic groups of 
the solid or pertaining to adsorbed ions such as ionic surfac­
tants) and the presence of adsorbed macromolecules or non­
ionic surfactants. These stabilizing factors do not alter the 
intrinsic thermodynamic instability of lyophobic disper­
sions; ti.G, is still positive so that the reverse process of 
phase separation or aggregation is energetically favored over 
dispersal. They establish kinetic barriers which delay the 
aggregation processes almost indefinitely; the dispersed par­
ticles cannot come together close enough for the van der 
Waals attractive forces to produce coagulation.24-26,2i These 
stabilization mechanisms are discussed below. 

The reductions in surface area and surface free energy 
accompanying flocculation or coagulation are small because 
i.rregular solid par ticles, being rigid, touch only at a few 
points upon aggregation. The loose initial contacts may 
grow with time by sintering or recrystalli1.ation. Sintering 
consists of the "fusion·• of primary particles into larger pri­
mary particles which propagates from initial small areas of 
contact. This recrystallization process is spontaneous be­
cause it decreases the specific surface area of the disperse 
~oli~ and the surface free energy of the dispersion. Sinter-
1ng 1s analogous to Ostwald ripening, the recrystallization 
P~ocess of transferring solid from colloidal to coarse particles 
discussed above. Low solubility and the presence of ad­
sorbed surface-active substances retard both processes. 

Origin of Electric Charge.s-Particles can acquire 
charges from several sources. In proteins, one end group of 
the polypeptide chain and aspartic and glutamic acid units 
contribute carboxylic acid groups, which are ionized into 
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carboxylate ions in neutral to alkaline media The other 
chain end group and lysine units contribute amino groups, 
arginine units contribute guanidine groups, and histidine 
units contribute imidazole groups. The nitrogen atoms of 
these groups become protonated in neutral to acid media. 
For electroneutrality, these cationic groups require an ions, 
such as c1- if hydrochloric acid was used to make the medi­
um acid and to supply the protons. The neutralizing ions, 
called counterions, dissociate from the ionogenic basic func­
tional groups and can be replaced by other ions of like 
charge: they are not an integral part of the protein particle 
but are located in its immediate vicinity. The alkylammon­
ium, guanidinium and imidazolium ions, which are attached 
to the protein molecule by covalent bonds, confer a positive 
charge to it. In neutral and alkaline media, Na+, K+, Ca2+ 
and Mg2+ are among the counterions neutralizing the nega­
tive charges of the carboxylate groups. The latter are cova­
lently attached to and constitute an integral part of the 
protein particle, conferring a negative charge to it. 

At an intermediate pH value, which ranges from 4.6 to 7 
for the various proteins, the carboxylate anions and the 
alkylammonium, guanidinium, and imidazoliwn cations 
neutralize each other exactly. There is no need for counter­
ions since the ionized functional groups which are an i.ntegral 
part of the protein molecule are in exact balance. At this pH 
value, called the isoelectric point, the protein particle or 
molecule is neutral; its electric charge is neither negative 
nor positive, but zero.22,2U 7 

Many other organic polymers contain ionic groups and 
are, therefore, called polyelectrolytes (polymeric electro­
lytes or salts). Natural polysaccharides of vegetable origin 
such as acacia, t ragacanth, alginic acid and pectin contain 
carboxylic acid groups, which are ionized in neutral to alka­
line media. Agar and carrageenan as well as the animal 
polysaccharides heparin and chondroitin sulfate, contain 
sulfuric acid hemiester groups, which are strongly acidic and 
ionize even in acid media. Cellulosic polyelectrolytes in· 
elude sodium carboxymethylcellulose, while synthetic car­
boxylated polymers include carbomer, a copolymer or acrylic 
acid. 

Aluminum hydroxide, Al(OH)a, is dissolved by acids and 
alkalis forming aluminum ions, At3+, and aluminate ions. 
{Al(OH).J- , respectively. In neutral or weakly acid media, 
at acid concentrations too low to cause dissolution, an, alumi­
num hydroxide particle has some positive charges attribut­
able to incompletely neutralized positive Al3+ valences. 
The portion of the surface of an aluminum hydroxide parti­
cle represented schematically below has one such positive 
charge neutralized by a c1- counterion: 

In weakly alkal.ine media, at base concentrations too low to 
transform the aluminum hydroxide particles completely 
into aluminate and dissolve them, they bear some negative 
charges due to the presence of a few aluminate groups. The 
portion of the particle surface represented schematically 
below has one such negative group neutralized by a Na+ 
counterion: 
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At a pH of 8.5 to 9.1,36.37 there are neither [Al(OHh)+ nor 
[AJ(OH)4J- ions in the particle surface but only neutral 
Al(OHb molecules. The particles have zero charge and 
therefore need no counterions for charge neutralization. 
This pH is the isoelectric point. In the case of inorganic 
particulate compounds such as aluminum hydroxide, it is 
also called zero point of charge. 

Bentonite clay is a lamellar aluminum silicate. Each lat­
tice layer consists of a sheet of hydrated alumina sandwiched 
between two silica sheets. Isomorphous replacement of 
Af3+ by Mg2+ or of Si•+ by Al3+ c-0nfers net negative charges 
to the thin clay lamellas in the form of cation-exchange sites 
resembling silicate ions built into the lattice. The counter­
ions producing electroneutrality are usually Na+ (sodium 
bentonite) or Ca'.!+ (calcium bentonite). The zero point of 
charge is probably close to that of quartz, silica gel and other 
silicates, namely, at a pH of about 1.5 to 2. 

Silver iodide sols can be prepared by the reaction 

AgN03 + Nal - AgHs) + NaN03 

In the bulk of the silver iodide particles, there is a 1:1 stoi­
chiometric ratio of Ag+ to 1- ions. If the reaction is carried 
out with an excess silver nitrate, there will be more Ag+ than 
r- ions in the surface of the particles. The particles will thus 
be positively charged and the counterions surrounding them 
will be N03 - • If the reaction is carried out using an exact 
stoichiometric 1: 1 ratio of silver nitrate to sodium iodide or 
with an excess sodium iodide, the surface of the particles will 
contain an excess 1- over Ag+ ions.i•.25:27 The particles will 
be negatively charged, and Na+ will be the counterions sur­
rounding the particles and neutralizing their charges. 

An additional mechanism through which particles acquire 
electric charges is by the adsorption of ions,2&-27 including 
ionic sur factants. 

Electric Double Layers- The surface layer of a silver 
iodide particle prepared with an excess of sodium iodide 
contains more r- than Ag+ ions, whereas its bulk contains 
the two ions in exactly equimolar proportion. The aqueous 
solution in which this particle is suspended contains rela­
tively high concentrations of Na+ and N03 - , a lower concen­
tration ofl-, and traces of H+, OH- and Ag+. 

The negatively charged particle surface attracts positive 
ions from the solution and repels negative ions: the solution 
in the vicinity of the surface contains a much higher concen­
tration of Na+, which are the counterions, and a much lower 
concentration of N03 - ions than the bulk of the solution. A 
number of Na+ ions equal t-0 the number of excess 1- ions in 
the surface (ie, the number of 1- ions in the surface layer 
minus the number of Ag+ ions in the surface layer) and 
equivalent to the net negative surface charge of a particle are 
pulled towards its surface. T hese counterions tend to stick 
to the surface, approaching it as closely as thei.r hydration 
spheres permit (Helmholtz double layer), but the thermal 
agitation of the water molecules tends to disperse them 
throughout the solution. As a result, the layer of counter­
ions surrounding the particle is spread out. The Na+ con­
centration is highest in the immediate vicinity of the nega• 
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Fig 19-28. Electric double layer at the surfatil of a silver iodide 
particle (upper part) and the corresponding potentials (lower part). 
The distance from the particle surface, plotted on the horizontal axis, 
refers to both the upper and lower parts. 

tive surface, where they form a compact layer called the 
Stern layer, and decreases with distance from the surface, 
throughout a diffuse layer called the Gouy-Cbapman layer: 
the sharply defined negatively charged surface is surround­
ed by a cloud of Na+ counterions required for electroneutra­
lity. The combination of the two layers of oppositely 
charged ions constitutes an electric double layer. It is illus· 
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t e 1

0ved in the diffuse part of the double layer, from therem , . d · ffect of the negative surface charge. The ecrease m po-
�ential across the Gouy-Chapman layer is more gradual.
The diffuse double layer gradually comes to an end as the 

mposition approaches that of the bulk liquid where the 
:ion concentration equals the catioll: concentra�ion, and 
the potential approaches zero asymptotically. In view of the 
indefinite end point, the thickness o of the diffuse double 
layer is arbitrarily assigned the value of the distance over 
which the potential at the boundary between the Stern and 
Gouy-Chapman layers drops to 1/e = 0.37 of its value.24-27 

The thickness of double layers usually ranges from 10 to 
1000 A. It decreases as the concentration of electrolytes in 
solution increases, more rapidly for counterions of higher 
valence. The value of o is approximately equal to the recip­
rocal of the Debye-Huckel theory parameter, K. 

Of practical importance, because it can be.measured ex­
perimentally, is the electrokinetic or ( (zeta) potential. In 
aqueous dispersion, even relatively hydrophobic inorganic 
particles and organic particles containing polar functional 
groups are surrounded by a layer of water of hydration at­
tached to them by ion-dipole and dipole-dipole interaction. 
When a particle moves, this shell of bound water and all ions 

located inside it move along with the particle. Conversely, if 
water or a solution flows through a fixed bed of these solid 
particles, the hydration layer surrounding each particle re­
mains stationary and attached to it. The electric potential 
at the plane of shear or slip separating the bound water from 
the free water is the ( potential. It does not include the 
Stern layer and only that part of the Gouy-Chapman layer 
which lies outside the hydration shell. The various poten­
tials are shown on the bottom part of Fig 19-28. 

Stabilization by Electrostatic Repulsion-When two 
uncharged hydrophobic particles are in close proximity, 
they attract each other by van der Waals secondary valences, 
mainly by London dispersion forces. For individual atoms 
and molecules, these forces decrease with the seventh power 
of the distance between them. In the case of two particles, 
every atom of one attracts every atom of the other particle. 
Because the attractive forces are nearly additive, they decay 
much less rapidly with the interparticle distance as a result 
of this summation, approximately with the second or third
P?Wer. Since energies of attraction are equal to force x
distance, they decrease approximately with the first or sec­
ond power of the distance. Therefore, whenever two parti­
cles approach each other closely, the attractive forces take
ov�r and cause them to adhere. Coagulation occurs as the 
Prunary particles aggregate into increasingly larger second­
ary Particles or floes. 

I� �he dispersion consists of two kinds of particles with 
Positive and negative charges, respectively, the electrostatic
attraction between oppositely charged particles is superim­
io�ed �n the attraction by van der Waals forces, and coagu­
�on 1s _accelerated. If the dispersion contains only one

d, as is customary, all particles have surface charges of the same sign and density. In that case, electrostatic repul-
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Distance 

Fig 19-29. Curves representing the van der Waals energy of attrac­
tion (WA), the energy of electrostatic repulsion (ER), and the net 
energy of interaction (DPBAS, between two identical charged parti­
cles, as a function of the interparticle distance. 

sion tends to prevent the particles from approaching closely 
enough to come within effective range of each other's van der 
Waals attractive forces , thus stabilizing the dispersion 
against interparticle attachments or coagulation. The elec­
trostatic repulsive energy has a range of the order of o. 

A quantitative theory of the interaction between lyopho­
bic disperse particles was worked out independently by Der­
jaguin and Landau in the USSR and by Verwey and Over­
beek in the Netherlands in the early 1940s.21,24-27•38 De­
tailed calculations are also found in Chapter 21 of RPS-17. 
The so-called DLVO theory predicts and explains many but 
not all experimental data. Its refinement to account for 
discrepancies is still continuing. 

The DL VO theory is summarized in Fig 19-29, where 
curve WA represents the van der Waals attractive energy 
which decreases approximately with the second power of the 
interparticle distance, and curve ER represents the electro­
static repulsive energy which decreases exponentially with 
distance. Because of the combination of these two opposing 
effects, attraction predominates at small and large distances 

whereas repulsion may predominate at intermediate dis­
tances. Negative energy values indicate attraction, and pos­
itive values repulsion. The resultant curve DPBA, obtained 
by algebraic addition of curves WA and ER, gives the total, 
net energy of interaction between two particles. 

The interparticle attraction depends mainly on the chemi­
cal nature and particle size of the material to be dispersed. 
Once these have been selected, the attractive energy is fixed 
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and cannot readily be a ltered. The electrostatic repulsion 
depends on i/,o or the density of the surface charge and on the 
thickness of the double layer, both of which govern the 
magnitude of the t potential. Thus, stability correlates to 
some extent with this potential.~◄ The t potential can be 
adjusted within wide limits by additives, especially ionic 
surfactants, water-miscible solvents, and electrolytes (see 
below). If the absolute value of the t potential is small, the 
resultant potential energy is negative and van der Waals 
attraction predominates over electrostatic repulsion at all 
distances. Such sols coagulate rapidly. 

The two identical particles whose interaction is depicted 
in Fig 19-29 have a large (positive or negative) t potential 
resulting in an appreciable positive or repulsive potential 
energy at intermediate distances. They are on a collision 
course because of Brownian motion, convection currents, 
sedimentation, or because the dispersion is being stirred. 

As the two particles approach each other, the two atmos­
pheres of counterions surrounding them begin to interpene­
trate or overlap at point A corresponding to the distance dA. 
This produces a net repulsive (positive) energy because of 
the work involved in distorting the diffuse double layers and 
in pushing water molecules and counterions aside, which 
increases if the par ticles approach further. If the particles 
continue to approach each other, even after most of the 
intervening solution of the counterions between them has 
been displaced, the repulsion between their surface charges 
increases the net potential energy of interaction to its maxi­
mum positive value at B. If the height of the potential 
energy barrier B exceeds the kinetic energy of the approach­
ing particles, they will not come any closer t han the distance 
ds but move away from each other. A net positive potential 
energy of about 25 kT units usually suffices to keep them 
apart, rendering the dispersion permanently stable; k is the 
Boltzmann constant and Tis the absolute temperature. At 
T = 298°K, this corresponds to 1 X 10-11 erg. T he kinetic 
energy of a particle is of the order of kT. 

On the other hand, if their kinetic energy exceeds the 
potential energy barrier B. the particles continue to ap­
proach each other past d8 , where the van der Waals attrac­
tion becomes increasingly more important compared to the 
electrostatic repulsion. Therefore, the net potential energy 
of interaction decreases to zero and then becomes negative, 
pulling the particles still closer together. When the parti­
cles touch, at a distance dp, the net energy has acquired the 
large negative value P. This deep minimum in potential 
energy corresponds to a very stable situation in which the 
particles adhere. Since it is unlikely that enough kinetic 
energy can be supplied to the particles or that their t poten­
t ial can be increased sufficiently to cause them to climb out 
of the potential energy well P, t hey are attached permanent­
ly to each other. When most or all of the primary particles 
agglomerate into secondary particles by such a process, the 
sol coagulates. 

Any closer approach of two particles, than the touching 
distance dp, is met with a very rapid rise in potential energy 
along PD because t he solid particle.s would interpenetrate 
each other, causing atomic orbitals to overlap (Born repul­
sion). 

Coagulation of Hydrophobic Dispersions- The height 
of the potential energy barrier and the range over which the 
electrostatic repulsion is effective (or the thickness of the 
double layer) determine the stability of hydrophobic disper­
sions. Both factors are red uced by the addition of electro­
lytes. The transition between a coagulating and a stable sol 
is graduaJ and depends on the time of observation. By using 
standard conditions, however, it is possible to classify a sol as 
either coagulated or coagulating, or as stable or fully dis­
persed. 

To determine the value of the coagulating concentration 

of a given electrolyte for a given sol, a series of test tubes is 
filled with equal portions of the sol. Identical volumes of 
solutions of the electrolyte, of increasing concentration, are 
added with vigorous stirring. After some time at rest (eg, 2 
hours), the mixtures are agitated again. After an additional 
shorter rest period (eg, 1h hour), they are inspected for sign~ 
of coagulation. The tubes can be classified into two groups, 
one showing no signs of coagulation and the other showing at 
least some signs, eg, visible floes. Alternatively, they can be 
classified into one group showing complete coagulation and 
the other containing at least some deOocculated colloid left 
in the supernatant. In either case, the separation between 
the two classes is quite sharp. The intermediate agitation 
breaks the weakest interparticle bonds and brings small 
particles in contact with larger ones, thus increasing the 
sharpness of separation between coagulation and stability. 
After repeating the experiment with a narrower range of 
electrolyte concentrations, the coagulation value ccv of the 
electrolyte, ie, the lowest concentration at which it coagu­
lates the sol, is established with good reproducibility_u.25,21 

Typical ccv data for a silver iodide sol prepared with an 
excess of iodide are listed in Table XIV. T he following 
conclusions can be drawn from the left half of Table XIV: 

l. Thecn·does not depend on the valence of the anion, since nitrate 
and sulfate of the same metal have nearly identical values. 

2. The d ifferences among the cc1-s of cations with the same valen.ce 
are relsttvely minor. However, there is a slight but significant trend of 
decreasing en• with increasing atomic number tn t he alkali and in the 
alkaline earth metal groups. Arranging these ca tions in the order of 
decreasing ccv produces the Hofmeister or lyntrnpu: ser,e.~. (t governs 
many other coUoidal phenomena, including the effect of salts on the 
temperature of gelation and the swelling of aqueous gels and on the 
viscosity of hydrosols, the salting out of hydrophi lic colloids, the cation 
exchange on ion-exchange resins, and t he permeability of membranes 
toward salts. The series is also observed in many phenomena involving 
only small atoms or ions and true solutions, including the ion ization 
potential and elec,tronegativity of metals, the heats of hydra boo of cat­
ions, the size of the hydrated catioM, the viscosity. surface tension and 
infrared spectra of salt solutions, and the solubility of gases therein. For 
monovalent cations. the lyotropic series i.s 

A similar lyotropic series exists tor anions.21 -2'?.2• -ll6 

The lithium ion has a higher ccv than the cesium ion because it is more 
extensively hydrated, so that Li+ (aq). including the hydration shell, is 
larger than Cs• (aq) . Owmg to its smaller size, the hydrated ces1u.m ion 
can approach the negative part1de surface more closely than the hydrat-

Table XIV-Coagulation Values fOf' Negative Silver Iodide 
Sol· 

Electrolyte Ccv. mMll Electrolyte ccv. mM/L 

LiN0 3 l65 AgN0.1 0.01 
NaNO~ l40 ½ (C12H15NH3hSQ4 0.7 
1h. Na~o. l41 S trychnine n itrate 1.7 
KN03 136 1h Morphine sulfate 2.5 
'h. K~O, l38 
RbNO~ l26 

Mean 141 

Mg(N03)2 2.60 Quinine sulfate 0.7 
MgSO, 2.57 
Ca(N03h 2.40 
S r(N03)2 2.38 
Ba(NOJh 2.26 
Zn(N0 3>, 2.50 
Pb(N03h 2.43 

Mean 2.45 

Al(NO]h 0.067 
La(N03b 0.069 
Ce(N0 3),1 0.069 

Mean 0.068 

• From Ref 21 and unpublished data. 
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. • in Moreover, because ot its greater electron cloud, the Cs• 
~d l~th::,1/poiarizable than the Li• ion Therefore. 1t is more stron~ly 
ion 18 

L _.., • the Stern layer which makes 1t a more effective coagulating 
adsor""" tn ' 

agent.The coagulation values depend primarily on the _valence of the 
3· • s decreasing by one to two orders of magnitude for each 

~ounte~:~ ~ne in their valence (Schulze-Hardy rule)._ According to the 
mLc~o theory. the coagulati~n values vary mver~ly With_ the SIJ[th power 
D h alence of the counter1ons. For mono-. d1 - and trivalent counter-
oft e v . • 
ions, they should be m the ratio 

..!. :..!.:..!. or 100: 1.6 : 0.14 
16 2& 3e 

The mean ccv's of Table XIV are 141: 2.45: 0.068, or 100 : l.'i : 0.05, in 
satisfactory agreement with the DL VO theory. 

The following conclusion can be drawn from the right half of 
Table XIV: 

4 The cations on the right side of Table XIV constitute obvious 
ex~ptions to the precedi~g. _Ag• is the potential-determining counter· 
· on Pottnt1al-deterrrurung ions are those whose concentration deter­
~i~es the su rface po~ential. Wh~n si_lver ~itrate is!1-dded to the ".egative 
silver iodide dispersion, some of •ts silver ions are incorporated mto the 
negatively charged s~face of the partic_les a_nd lower the magnitude of 
their charge by reducing the excess of 1- ions m the surface. Thus, silver 
salts are exceptionally effective coagulatin& agents because they reduce 
the magnitude of the >/to as well as of the r potential. Indifferent salts . 
which reduce only tbe latter, require much higher salt concentrations for 
comparable r~ucti~ns _in t_he r potenti_a!. '.fhe other patential:deter­
mining ion of silver 1od1de 1s 1- . Alkah 1od1des have higher ccv s than 
141 millimole/liter because they supply iodide ions which enter the 
3urface layer of the silver iodide particles and increase its excess of 1-
over Ag• ions, thereby making >/to more negative. Bromide and chloride 
ions act similarly but less effectively. 

The principal potential-determining ion for proteins ts H • ; those for 
aluminum hydroxide are OH- (and hence H•) and AP•, but also Fe3+ 
and CrJ-t which form mixed hydroxides with AJ3•. 

5 The cationic surfactant in Table XIV and the alkllloidal salts. 
which also behave as such, constitute the second exception to the 
Scbulze-H1Udy rule. Surface-active compounds contain hydrophilic 
and hydr,>phobic moieties in the same molecule, the latter being hydro• 
carbon portions which by themselves are water -insoluble. Their dual 
nature causes these compounds to accumulate in interfaces. Dodecy­
lammonium and alkaloidal cations displace inorganic monovalent cat ­
ions from the Stern layer of a negatively charged silver iodide particle 
because they are attracted to it not only by electrostatic forces like 
sodium ions but also by van der Waals forces between their hydrocarbon 
moieties (dodecyl chains in the case of the dodecylammonium ions) and 
the solid. Because they are strongly adsorbed from solution onto the 
surface and do not tend t.o dissociate from it, surface-active cations are 
ve.ry effective in reducing the f potential of the negative silver iodide 
particles, ie, they have lower crv th.an purely inorganic cations of the 
same valence. 

6. Anionic surfactants like those containing lauryl sulfate ions also 
have a tendency to be adsorbed at solid-liquid interfaces. However, 
because of electrostatic repul1ion between the negatively charged sur­
face of silver iodide particles whose surface layer contains an excess 
iodide ions and the surface-active anions, adsorption usually does not 
occur below the critical miceUe concentration (see below). If such ad­
sorption does occur, it increases the density of negative charges in the 
Particle surface, raising the ccv of anionic surfactants above that corre­
sponding to their valence. 

. Ionic solids with surface layers containing the ionic species 
1.n near proper stoichiometric balance, and most water-insol­
uble organic compounds have relatively low surface charge 
densities. They adsorb ionic surfactants of like charge from 
solution even at low concentrations, which increases their 
surface charge densities and the magnitude of their ( poten­
tials, stabilizing their aqueous dispersions. 

The addition of water-miscible solvents such as alcohol, 
g~ycerin, propylene glycol or polyethylene glycols to aqueous 
dispersions lowers the dielectric constant of the medium. 
This reduces the thickness of the double layer and, there­
fore, the range over which electrostatic repulsion is effective, 
and lowers the size of the potential energy barrier. Addition 
of solvents to aqueous dispersions tends to coagulate them. 
At concentrations too low to cause coagulation by them­
selves, solvents make the dispersions more sensitive to coag­
ulation by added electrolytes, ie, they lower the ccv, 

Progressive addition of the salt of a counterion of high 
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valence reduces the t potential of colloidal particles gradual­
ly to zero. Eventually, the sign of the r potential may be 
inverted and its magnitude may increase again, but in the 
opposite direction. The I/to and tpotentials of aqueous sul ­
famerazine suspensions are negative above their isoelectric 
poinra; those of bismuth subnitrate a.re positive. As dis­
cussed on page 297, the addition of A13+ to the former and of 
P043- to the latter in large enough amounts inverts the sign 
of their r potentials; their I/to potentials remain unchanged . 
Surface-active ions of opposite charge may also produce 
such charge inversion. 

The superposition of the van der Waals attractive energy 
with its long-range effectiveness and the electrostatic repul­
sive energy with its intermediate-range effectiveness fre­
quently produces a shallow minimum (designated Sin Fig 
19-29) in the resultant energy-distance curve at interparticle 
distances ds several times greater than /J. If this minimum 
in potential energy is small compared to kT, Brownian mo­
tion prevents aggregation. For large particles such as those 
of many pharmaceutical suspensions and for particles which 
are large in one or two dimensions (rods and plates), the 
secondary minimum may be deep enough to trap them at 
distances ds from each other. This requires a depth of 
several kT units. Such fairly long-range and weak attrac­
tion produces loose aggregates or floes which can be dis­
persed by agitation or by removal or reduction in the concen­
tration of flocculating electrolytes.21·26•27•38 This reversible 
aggregation process involving the secondary minimum is 
called flocculation. By contrast, aggregation in the deep 
primary minimum P, called coagu lation, is irreversible. 

Stabilization by Adsorbed Sur(actants- As discussed 
above, surfactants tend to accumulate at interfaces because 
of their amphiphilic nature. This process is an oriented 
physical adsorption. Surfactant molecules arrange them­
selves at the interface between water and an organic solid or 
liquid of low polarity in such a way that the hydrocarbon 
chain is in contact with the surface of the solid particle or 
sticks inside the oil droplet while the polar headgroup is 
oriented towards the water phase. This orientation re­
moves the hydrophobic hydrocarbon chain from the bulk of 
the water, where it is unwelcome because it interferes with 
the hydrogen bonding among the water molecules, while 
leaving the polar headgroup in contact with water so that it 
can be hydrated. 

Figure 19-30A shows schematically that at low surfactant 
concentration and low surface coverage, the hydrocarbon 
chains of the adsorbed surfactant molecules lie flat against 
the solid surface. At higher surfactant concentrations, the 
surfactant molecules are adsorbed in the upright position to 
permit the adsorption of more surfactant per unit surface 
area. Figure 19-30B shows a nearly close-packed monolayer 
of adsorbed surfactant molecules. The terminal methyl 
groups of their hydrocarbon tails are in contact with the 
hydrophobic surface and the hydrocarbon tails are in lateral 
contact with each other. London dispersion forces promote 
attraction between both types of adjoining groups. The 
polar headgroups protrude into the water and are hydrated. 

The adsorption of ionic surfactants increases the charge 
density and the r potential of the disperse particles. These 
two parameters are low for organic substances lacking ionic 
or strongly polar groups. The increase in electrostatic re­
pulsion among the nonpolar organic particles due to adsorp­
tion of surface-active ions stabilizes the dispersion against 
coagulation. This "charge stabilization" is described by the 
DLVO theory. 

Most water-soluble nonionic surfactants are polyoxyethy­
lated (see above): Each molecule consists of a hydrophobic 
hydrocarbon chain combined with a hydrophilic polyethyl­
ene glycol chain, eg CH3(CH2)15(0CH2CH2hoOH. Hydra­
tion of the 10 ether groups and of the terminal hydroxyl 
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group renders the surfactant molecule water-soluble. lt 
adsorbs at the interface between a hydrophobic solid and 
water, with the hydrocarbon moiety adhering to the solid 
surface and the polyethylene glycol moiety protruding into 
the water, where it is hydrated. The particle surface is thus 
surrounded by a thin layer of hydrated polyethylene glycol 
chains. This hydrophilic shell forms a steric barrier which 
prevents close contact between particles and, hence, coagu­
lation ("steric stabilization"). Nonionic surfactants also re­
duce the sensitivity of hydrophobic dispersions toward coag­
ulation by salts, ie, they increase the coagulation values.39 

In a flocculated dispersion, groups of several particles are 
agglomerated into floes. Frequently, th!.' particles of a floe 
are in physical contact. When a surfactant is added to a 
flocculated sol, the dissolved surfactant molecules become 
adsorbed at the surface of the particles. Surfactant mole­
cules tend to pry apart floes by wedging t hemselves between 
the particles at their areas of contact. This action opens up 
for surfactant adsorption additional surface area that was 
previously blocked by adhesion of another solid surface. 
The breaking up of floes or secondary particles is defined 
above as deflocculation or peptizat ion. 

Ophthalmic suspensions should be deflocculated because 
the large particle size of floes causes eye irritation. Paren­
teral suspensions should be detlocculated to prevent floes 
from blocking capillary blood vessels and hypodermic sy­
ringes, and to reduce tissue irritation. Deflocculated sus­
pensions tend to cake, however, ie, the sediment formed by 
gravitational settling is compact and may be hard to d isperse 
by shaking. Caking in oral suspensions is prevented by 
controlled flocculation as discussed below. 

Stabiliution by Adsorbed Polymers- Water-soluble 
polymers are adsorbed at the interface between water and a 
hydrophobic solid if they have some hydrophobic groups 
that limit their water solubility and render them amphiphi­
lic and, hence, surface-active. Such polymers also tend to 
accumulate at the air-water interface and lower the surface 
tension of the aqueous phase. A high concentration of ionic 
groups in polyelectrolytes tends to eliminate surface activity 
and the tendency to adsorb at interfaces, because the poly­
mer is excessively water-soluble. An example is sodium 
carboxymethylcellulose. Polyvinyl alcohol is very water­
soluble due to the high concent ration of hydroxyl groups and 
does not adsorb extensively at interfaces . Polyvinyl alcohol 
is manufactured by the hydrolysis of polyvinyl acetate, 
which is water-insoluble. Incomplete hydrolysis of, say, 
only 85% of the acetyl groups produces a copolymer which is 
water-soluble but surface-active as well. Other surface-ac­
tive polymers include methylcellulose, hydroxypropyl cellu­
lose, high-molecular-weight polyethylene glycols (polyethyl­
ene oxides), and proteins. The surface activity of proteins is 
due to the presence of hydrophobic groups in the side chains 
at concentrations too low to cause insolubility in water. 
Proteins are denatured upon adsorption at air-water and 
solid-water interfaces. 

The long, chain-like polymer molecules are adsorbed from 
solution onto solid surfaces in the form of loops projecting 
into the aqueous phase, as shown in Fig 19-31A, rather than 
lying flat against the solid substrate. Only a small portion of 
the chain segments of an adsorbed macromolecule is actually 
in contact with and adheres directly to the surface. Because 
of its great length, however. there are enough of such areas of 
contact to anchor the adsorbed macromolecule firmly onto 
the solid. Figure 19-30 is drawn on a much more expanded 
scale than Fig 19-31. 

The sol particles are surrounded by a layer consisting of 
the adsorbed polymer chains, the water of hydration associ­
ated with them, and water t rapped mechanically inside tbe 
chain loops. This sheath is an integral part of tbe particle 
surface. The layers of adsorbed polymer prevent the parti-

w 

w 

Fig 19-30. Schematic representation ol the physical adsorption ol 
surfactant molecules at a hydrophobic solid (SJ/water (W) interface. 
Cylindrical portions and spheres represent hydrocarbon chains and 
polar headgroups ol the surfactant molecules, respectively (A) low 
surfactant concentration/low surlace coverage; (8) near critical mi­
celle concentration/surface coverage near saturation 

0 

Fig 19-31. Protective action (A) and sensitization (8) of sols of 
hydrophobic particles by adsorbed polymer chains. 

des from approaching each other closely enough for the 
interparticle attraction by London dispersion forces to pro· 
duce coagulation. These forces are effective only over very 
small interparticle distances of less than twice the thickness 
of the adsorbed polymer layer. 

The mechanisms of steric stabilization by which adsorbed 
nonionic macromolecules prevent coagulation of hydropho· 
bic sols (protective action) are also operative in the stabili· 
zation of sols by nonionic surfactants. The difference be· 
tween adsorbed nonionic surfactanta and adsorbed polymers 

I 
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is that the hydrophilic polyethylene glycol moieties of the 
adsorbed surfactant molecules protruding into water resem­
ble the chain ends of the adsorbed macromolecules rather 
than their looped segments. The following protective 
mechanisms are operative: 

1. The !aver of adsorbed polymer and enmeshed water surrounding 
the particles· forms a mechanical or sttric barrier between them that 
prevents the close interparticle approach necessary for coagulation. At 
dense surface coverage. these layers are somewhat elastic. They may be 
dented by a collision between two particles but tend to spring back. 

2. When two particles approach so closely that their adsorbed poly­
mer layers overlap. the chain loops of the two opposing layers compress 
and mix with or interpenetrate each other. The resulting restriction to 
the freedom of motion of the chain segments m the overlap region 
produces a negative entropy change which tends to make the free energy 
change for the reduction in interpartlcle d istance requi red for coagula• 
tion positive. The reverse process of disentanglement of the two oppos· 
mg adsorbed polymer layeni resulting from separation of the particles 
occurs because ,tis energetically more favorable. The particles are thus 
prevented from coagulation by entropL<' repulswn through the mecha• 
nism of entrop1<: stabilization of the sol. This mechanism predominates 
when the concentration of polymer in the adsorbed layer is low. 

3. As the polymer layers adsorbed on two approachmg particles 
overlap and compress or interpenetrate each other, more polymer seg• 
ments become crowded into a given volume of the aqueous region be­
tween the particles. The increased polymer concentration in the over­
lap region causes a local increase in osmotic pressure, which is relieved by 
an influx of water. This influx to dilute the polymer loops pushes the 
two particles apart, preventing coagulation. 

4. If the adsorbed polymer has some ionic groups, stabilization by 
electrostatic repuls ion or charge stabili2atinn described above is added 
to the three steric stabilization mechanisms to prevent a close interparti• 
de approach and, hence, coagulation. 

5. The adsorption of water-soluble polymers changes the nature of 
the surface of the hydrophobic particles to hydrophilic, resulting in an 
,ncreased resists.nee of the sol to coagulation by salts. •0 

The water -soluble polymers whose adsorption stabilizes 
hydrophobic sols and protects them against coagulation are 
called protectiue colloids. Gelatin and serum albumin are 
the preferred protective colloids for stabilizing parenteral 
suspensions because of their biocompatibility. These two 
polymers, as well as casein (milk protein), dextrin (partially 
hydrolyzed starch) and vegetable gums like acacia and trag­
acanthare metabolized in the human body. Cellulose deriv­
atives and most synthetic protective colloids such as poui­
done are not biotransformed. Because of this and because 
of their large molecular size, polymers pertaining to the last 
two categories are not absorbed but excreted intact when 
they are administered in an oral dosage form. 

A semiquantitative assessment of the stabilizing efficien­
cy of protective colloids is the gold number, developed by 
Zsigmondy. It is the largest number of milligrams of a 
prot.ective colloid which, when added to 10 mL of a special 
standardized gold sol, just fails to prevent the change in 
color from red to blue on addition of l mL of 10% NaCl 
solution. The gold sol rontains 0.0058% gold with a particle 
size of about 250 A. Coagulation by sodium chloride causes 
the color change. Representative gold numbers are 0.005 to 
0.01 for gelatin, 0.01 for casein, 0.02 to 0.5 for egg albumin, 
0.15 to 0.5 for acacia, and l to 7 for dextrin.22,27 Gelatin is a 
more effective protective colloid than acacia or dextrin be­
cause the presence of some hydrophobic side groups makes it 
more surface active and causes more extensive adsorption 
from solution. Other protective numbers are based on dif­
ferent hydrophobic disperse solids, eg, silver, Prussian blue, 
sulfur, ferric oxide. The ranking of different protective f0 ~oids depends somewhat on the substrate. When formu­
ating a disperse dosage form, one should measure the pro-

dis
tective action on the actual solid hydrophobic phase to be 

Persed as a sol. 
Sensitization is the opposite of protective action, namely, 

atcrease in the stability of hydrophobic sols. It is brought 
bet ut by some protective colloids, at concentrations well 

o_w those at which they exert a protective action. A pro­
tective colloid may, at very low concentrations, flocculate a 
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sol in the absence of added salts and/or lower the coagulation 
values of the sol. 

In the case of nonionic polymers or of polyelectrolytes 
with charges of the same sign as the sol, flocculation is the 
result of the bridging mechanism illustrated in Fig 19-31B. 
At very low polymer concentrations, there are not nearly 
enough polymer molecules present to cover each sol particle 
completely. Since the particle surfaces are largely bare, a 
single macromolecule may be adsorbed on two particles, 
bridging the gap between them and pulling them close to­
gether. Floes of several particles are formed when one parti­
cle is bridged or connected to two or more other particles by 
two or more polymer molecules adsorbed jointly on two or 

· possibly even three particles. Such flocculation usually oc-
curs over a narrow range and at very low values of polymer 
concentrations. At higher concentrations, when enough 
polymer is available to cover the surface of all particles 
completely, bridging is unlikely to occur and the adsorbed 
polymer stabilizes or peptizes the sol.23,~0 

The nonionic Polymer A of Fig 19-32 stabilizes the sol at 
all concentrations. Neither sensitization by bridging nor by 
charge neutralization is observed. The reason that Polymer 
A lowers the positive s potential of the sol slightly is that 
increasing amounts of adsorbed polymer chains gradually 
shift the plane of shear outward, away from the positively 
charged surface. If Polymer A was a cationic polyelectro­
lyte, the s potential- protective colloid concentration plot 
would gradually rise with increasing polymer adsorption 
rather than drop. 
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Fig 19-32. Protective action and sensitization: Polymer A exerts 
protective action at all concentrations, while Polymer B sensitizes at 
low concentrations and stabilizes at high concentrations. Horizontal 
and vertical hatching Indicates region of flocculation for a sol treated 
with various concentrations of Polymers A and B. respectively. Clear 
region undefneath Indicates sol is dellocculatecl. 
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If the polymer has ionic groups of charge opposite t-0 the 
charge of the sol particles, limited adsorption neutralizes the 
charge of the particles, reducing their t potential to near 
zero. With stabilization by electrostatic repulsion thus in­
operative, and steric stabilization ineffective because of low 
surface coverage with adsorbed polymer, the sol either coag­
ulate.s by itself or is coagulated by very small amounts of 
sodium chloride. At higher polymer concentrations and 
more extensive adsorption, charge reversaJ of the particles to 
the sign of the charge of the polyelect rolyte reactivates 
charge stabilization and adds steric stabilization, increasing 
the coagulation value of the sol well above the initia l value 
before polymer addition. 

For example, a partly hydrolyzed polyacrylarnide with 
about 20% of ammonium acrylate repeating units is an an­
ionic polyelect rolyte. At the ppm level, the polymer floccu­
lates aluminum hydroxide sols at a pH of 6 to 7, where the 
sols are positively charged and the polyelectrolyte is fully 
ionized. At a polymer concentration of 1:10,000, the sol 
becomes negatively charged because extensive polymer ad­
sorption introduces an exce.ss of ~oo- groups over - AI+ 
ions into the particle surface. Steric stabilization plus elec­
trostatic repulsion make the sol more stable against floccula­
tion by salts than it was before the polyacrylamide addition. 

Polymer B in Fig 19-32 illustrates this example. The 
curve in the lower plot indicates sensitization, with the coag­
ulation value of sodium chloride lowered by as much as 60%. 
Zeta potential measurements can distinguish between sensi­
tization by bridging and by charge neutralization. The 
charge reversal caused by adsorption of Polymer B shown in 
the upper plot pinpoints charge neutralization as the cause 
of sensitization. If Polymer B had a t potential-polymer 
concentration plot similar to Polymer A, sensitization would 
be ascribed to bridging. 

Even Wllter-soluble polymers which are too thoroughly 
hydrophilic to be adsorbed by hydrophobic sol particles can 
stabilize those sols. Their thickening action slows down 
Brownian motion and sedimentation, giving the part icles 
less opportunity to come into contact and hence retarding 
flocculation. 

Electrokinetic Phenomena- When a de electric field is 
applied to a dispersion, the particles move towards the elec­
trode of charge opposite to that of their surface. The coun­
terions located inside their hydration shell are dragged along 
while the counterions in the diffuse double layer outside the 
plane of slip, in the free or mobile solvent, move toward the 
other electrode. This phenomenon is called electrophore­
sis. If the charged surface is immobile, as is the case with a 
packed bed of particles or a tube filled with water, applica­
t ion of an electric field causes the counterions in the free 
water to move towards the opposite electrode, dragging sol­
vent with them. This flow of liquid is called electroosmosis, 
and the pressure produced by it, electroosm.otic pressure. 
Conversely, if the liquid is made to flow past charged sur­
faces by applying hydrostatic pressure, the displacement of 
the counterions in the free water produces a potential differ­
ence between the two ends of the tube or bed called stream­
ing potential. 

The three phenomena depend on the relative motion of a 
charged surface and of the diffuse double layer outside the 
plane of slip surrounding that surface. The major part of 
the diffuse double layer is within the free solvent and can, 
therefore, move along the surface.24-21,41 All three electro­
kinetic phenomena measure the identical t potential, which 
is the potential at the plane of slip. 

The particles of pharmaceutical suspensions and emul­
sions are visible in the microscope or ultramicroscope, as are 
bacteria, erythrocytes and other isolated cells, latex parti­
cles, and many contaminant particles in pharmaceutical so­
lutions. T heir I potential is conveniently measured by mi-

croelectrophoresis. A potential difference E applied be­
tween two electrodes dipping into the dispersion and 
separated by a distanced produces the potential gradient or 
field strength Eld, expressed in v/cm. From the average 
velocity u of the particles, measured with the eyepiece micro­
meter of a microscope and a stopwatch, the t potential is 
calculated by the Smoluchowski equation 

T he electrophoretic mobility u = u/(E/d) is the velocity in a 
potential gradient of 1 v/cm. Par ticle size and shape do not 
affect the t potential according to the above equation. How­
ever, if the particle radius is comparable to~ or smaller (in 
which case the particles cannot be detected in a microscope), 
the factor 4 is replaced by 6. The viscosity I'/ and the dielec­
tric constant D refer to the aqueous medium in the double 
layer and cannot be measured directly.41 Using the values 
for water at 25°, expressing the velocity in µ.m/sec and the 
electrophoretic mobility in (µm/sec)/(volts/cm), and con­
verting into the appropriate units reduces the Smoluchowslci 
equation tot= 12.9 u, with fgiven in millivolts (mV). If the 
part icle surface has appreciable conductance, the t potential 
calculated by this equation may be low.25,41 •42 Dispersions 
of hydrophobic particles with r potentials below 20-30 m V 
are frequently unstable and tend to coagulate. On the other 
hand, values as high as ±180 m V have been reported for the t 
potential. 21 .2•.•1 

The chief experimental precautions in microelectrophore­
sis measurements are: 

1. Electroosmosi.s causes liquid to flow along the walb of the cell 
containing the d ispersion. This in turn produces a return flow in the 
center of the cell. The microscope must be focused on the stationary 
boundary between the two liquid layers flowing in opposite directions in 
order to measure the true velocity of the particles. 

2. Only in very dilutedispersiona ia it po$&ible to follow the motion of 
single par ticles in the microscope field and to measure their velocity. 
Since the f potential depends largely o n the nature, ionic strength, and 
pH of the suspending medium, dispersions should be diluted not with 
water but with solutions of composition identical to their continuous 
ph8lle, eg, with their own serum separated by ultra.filtration or centr ifu­
gation. The Zeta-Meter is a commercial microelectrophoresis appara­
tus of easy, fast and reproducible operation. 

When the particles cannot be observed individually with a 
microscope or ultramicroscope, other electrophoresis meth­
ods are employed. 2•,27.◄ l.43,•◄ ln mouing boundary electro­
phoresis, the movement of the boundary formed between a 
sol or solution and the pure dispersion medium in a n electric 
field is stud ied. If the d igperse phase is colorless, the 
boundary is located by the refractive index gradient (Tiseli­
us apparatus, used frequently with protein solutions). If 
several species of particles or solutes with different mobil­
ities are present, each will form a boundary moving with a 
characteristic velocity. Unlike microelectrophoresis, this 
method permits the identification of different colloidal com· 
ponents in a mixture, the measurement of the electrophoret· 
ic mobility of each, and an estimation of the relative 
amounts present. 

Zone electrophoresis theoretically permits the complete 
separation of all electrophoretically different components, 
requires much smaller samples than moving boundary elec· 
trophoresis, and can be performed in simpler and less expen· 
sive equipment. T he method avoids convection by support­
ing the solution in an inert and porous solid like filter paper, 
cellulose acetate membrane, agar, starch or polyacrylamide 
gels cut into strips, or disks or columns of polyacrylamide 
gel. 

A strip of filter paper or gel is saturated with a conducting 
buffer solution and a few microliters of the solution being 
analyzed is deposited as a spot or narrow band. A potential 
difference is applied between the ends of the strip which are 
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in contact with the electrode compartments. The spot or 
band spreads and unfolds as each component migrates to­
wards one or the other electrode at a rate determined pri­
marily by its electrophoretic mobility. Evaporation of wa­
ter due to the heating effect of the electric current may be 
minimized by immersing the strip in a cooling liquid or 
sandwiching it between impervious solid sheets. After a 
sufficient time has elapsed to afford good separation, the 
strip is removed and dried. The position of the spots or 
bands corresponding to the individual components is detect­
ed by color reactions or radioactive counting. 

Zone electrophoresis is applied mainly in analysis and for 
small-scale preparative separations. It does not permit mo­
bility measurements. Because several samples can be ana­
lyzed simultaneously (in parallel strips or gel columns), be­
cause only minute amounts of sample are needed, and be­
cause the equipment is simple and easy to operate, zone 
electrophoresis is widely used to study the proteins in blood 
ser um, erythrocytes, lymph and cerebrospinal fluid, saliva, 
gastric and pancreatic juices and bile. 

lmmunodiffusion combined with electrophoresis is called 
immunoelectrophoresis. 43,◄5 The proteins in a fluid, includ­
ing the antigens, are first separated by gel electrophoresis. 
A longitudinal trench is then cut along one or both sides of 
the gel strip near the edge in the direction of the electropho­
resis axis. The trench is filled with the antibody solution. 
On standing, antibody and antigen proteins diffuse in all 
directions, including toward each other. Precipitation oc­
curs along an elliptical arc (precipitin band) wherever an 
antigen meets its specific antibody. The precipitin bands 
are either visible directly or may be developed by staining. 
Since diseases frequently produce abnormal electrophoretic 
patterns in body fluids, zone electrophoresis and immuno­
electrc,phoresis are convenient and powerful diagnostic 
techniques. 

Isoelectric focusing44-'6 uses electrophoresis to separate 
proteins according to their isoelectric points. At pH values 
equal to their isoelectric points, proteins do not migrate in 
an electric field because their net charge is zero. In a liquid 
column on which a pH gradient is imposed, different species 
arrange themselves so that the protein with the highest iso­
electric point will be located nearest to the cathode which is 
immersed in the solution of a strong base. The pr~tein with 
the lowest isoelectric point will be located nearest to the 
anode, which is immersed in the solution of a strong acid. 
The other proteins settle into intermediate positions, where 
th~ pH values are intermediate and equal to their isoelectric 
points. 

Hywophlllc Dispersions 

Most liquid disperse systems of pharmaceutical interest 
~e aqueous. Therefore, most lyophilic colloidal systems 
d~cussed below consist of hydrophilic solids dissolved or 
d1Spersed in water. Most of the products mentioned below 
~e official in the USP or NF, where more detailed descrip­
tions may be found, also elsewhere in this text. 

Hydrophilic colloids can be divided into particulate and 
soluble materials. T he latter are water-soluble linear or 
branched polymers dissolved molecularly in water. Their 
aqueous solutions are classified as colloidal dispersions be­
c~use the individual molecules are in the colloidal particle 
size range, exceeding 50 or 100 A. Particulate or corpuscular 
hydrophilic colloidal dispersions are formed by solids which 
~well an~ are peptized in water but whose primary particles 
. 0 not dissolve or break down into individual molecules or 
ions. ~ne subdivision of particulate hydrophilic colloids is 
limpnsed of dispersions of cross-linked polymers whose 

near, uncross-linked analogues are water-soluble. 
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Particulate Hydrophilic Dispersions 

The disperse phase of these sols consists of solids which in 
water swell and break up spontaneously into particles of 
C?lloidal dimensions. T he disperse particles have high spe­
cific surface areas and are, therefore, extensively hydrated. 
They have characteristic shapes. If the attraction between 
individual particles is strong, the dispersions have yield val­
ues at relatively low solids content. 

Bentonite is an aluminum silicate crystal li:.:ing in a layer 
structure (see above), with individual lamellas 9.4 A thick. 
Their top and bottom surfaces are sheets of oxygen ions from 
~ilica plus an occasional sodium ion neutralizing a silicate 
ion-exchange site. The clay pa.rticles consist of stacks of 
these lamellas. Water penetrates inside the stacks between 
lamellas to hydrate the oxygen ions, causing extensive swell­
ing. Bentonite particles in bentonite magma consist of sin­
gle lamellas and packets of a few lamellas with intercalated 
water. The specific surface area amounts to several hun­
dred square meters per gram. Kaolin also has a layer struc­
ture, but does not swell in water because water does not 
intercalate between individual lattice layers. Kaolin plates 
dispersed in water are, therefore, much thicker than those of 
ben~onite, ca 0.04 to 0.2 µm. In kaolin, hydrated alumina 
lattice planes alternate with silica planes. Thus, one of the 
two external surfaces of a kaolin plate consists of a sheet of 
oxygen ions from silica, the other is a sheet of hydroxide ions 
from hydrated alumina. Both surfaces are well hydrated. 
Magnesium aluminum silicate (Veegum) is a clay similar to 
bentonite but contains magnesium; it is white whereas ben­
tonite is gray. 

Additional hydrophilic particles producing colloidal dis­
persions in water are listed below. Colloidal silicon dioxide 
consists of roughly spherical particles covered with siloxane 
and silanol groups (pages 280-281). Titanium dioxide is a 
white pigment with excellent covering power due to its high 
refractive index. Microcrystalline cellulose (page 279) is 
hydrophilic because of the hydroxyl and ether groups in the 
surface of the cellulose crystals. Gelatinous precipitates of 
hydr~philic compounds such as aluminum hydroxide gel, 
aluminum phosphate gel, and magnesium hydroxide con­
sist of coarse floes produced by agglomeration of the colloi­
dal particles formed in the initial stage of the precipitation. 
They possess large internal surface areas, which is one of the 
reasons why the first two are used as substrates for adsorbed 
vaccines and toxoids. 

Cross-linked Polymers-The polymers discussed below 
are polyelectrolytes, ie, they contain ionic groups and would 
be soluble in water in the absence of cross-linking. For 
instance, sodium polystyrene sul/onate is a copolymer of 
about 92% styrene and 8% divinylbenzene, which is sulfonat­
ed and neutralized to produce the cation-exchange resin 
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Chains a-band c-d are water-soluble linear polymer chains. 
They are cross-linked or bound together via a phenylene 
group as shown. There are many such cross-links tieing 
every chain to two or more other chains, so that every atom 
in a grain of ion-exchange resin is bound to every other atom 
by primary, covalent bonds. The grains swell in water until 
the cross-links are strained but do not dissolve, because this 
would involve the rupture of primary valence bonds. Swell­
ing renders the ion-exchange sites in the interior of a grain 
accessible to the gastrointestinal fluids. Partial exchange of 
Na+ by K+ followed by excretion of the used resin in the 
feces reduces hyperkalemia resulting from acute renal fail­
ure. Partial replacement of Na+ by H+ could reduce acido­
sis. 

CholestyramiM resin is an anion-exchange resin contain­
ing the same backbone of cross-linked polystyrene, but sub­
stituted with -CH2-N•(CH3l3Cl- instead of sodium sulfo­
nate. Part of the chloride anions is exchanged or replaced 
by bile salt anions, which are thus eliminated in the feces 
bound to the resin grains rather than reabsorbed. Colesti­
pol hydrochloride is another orally administered anion-ex­
chan.ge resin used to increase the fecal excretion of bile salts. 
It is an extensively cross-linked, insoluble but permeable 
copolymer made from d iethylenetria.mine, tetraethylene­
pentamine, and epichlorohydrin. Strong cation- and anion­
exchange resins are used as sustained-release vehicles for 
basic and acid drugs, respectively (see Chapter 91). 

Polycarbophil is a copolymer of acrylic acid cross-linked 
with a small amount of divinyl glycol. The weakly acidic 
carboxyl groups are not ionized in the strongly acid environ­
ment of the stomach but only in the more nearly neutral 
intestines. Therefore, swelling by osmotic influx of water 
occurs mostly in the intestines, where imbibition of water 
decreases the flu idity of stools associated with diarrhea. 
Among natural polymers, tragacanth consists of 1/a of a wa­
ter-soluble fraction, tragacanthin, and % of a gel fraction 
called bassorin which swells in water but does not dissolve. 
Starch consists of 1,4 of a fraction , soluble in hot water, called 
amylase. The remainder, amylopectin, merely absorbs wa­
ter and swells. lt owes its insolubility to extensive branch­
ing rather than cross-linking. 

Soluble Polymers as Lyophilic Colloids 

Most hydrophilic colloidal systems used in dosage forms 
are molecular solutions of water soluble, high molecular 
weight polymers. The polymers are either linear or slightly 
branched but not cross-linked. 

Classifications- According to their origin, water-soluble 
polymers are divided into three classes. Natural polymers 
include polysaccharides (acacia, agar, heparin sodium, pee• 
tin, sodium alginate, tragacanth, xanthan gum) and poly­
peptides (casein, gelatin, protamine sulfate). Of these, agar 
and gelatin are only soluble in hot water. 

Cellulose deriuatiues are produced by chemical modifica­
tion of cellulose obtained from wood pulp or cotton to pro­
duce soluble polymers. Cellulose is an insoluble, linear 
polymer of glucose repeat units in the ring or pyranose form 
joined by /3·1,4 glucosidic linkages. Each glucose repeat 
unit (except for the two terminal ones) contains a primary 
hydroxyl group on the No 6 carbon and two secondary hy­
droxyls on No 2 and 3 carbons. The primary hydroxyl is 
more reactive. Chemical modification of cellulose consists 
in reactions or substitutions of the hydroxyl groups. The 
extent of such reactions is expressed as degree of substitu· 
tion (DS), namely, the number of substituted hydroxyl 
groups per glucose residue. The highest value is OS "" 3.0. 
Fractional values are the rule because the DS is averaged 
over a multitude of glucose residues. A DS value of 0.6 
indicates that some glucose repeat units are unsubstituted 
while others have one or even two substituents. 

Soluble cellulose derivatives are listed below. The OS 
values correspond to the pharmaceutical grades. The 
groups shown are the replacements for the hydrogen atoms 
of the cellulosic hydroxyls. Official derivatives are methyl. 
cellulose (DS "' 1.65-1.93), -O-CH3 and sodium carbox.y. 
methylcellulose (DS = 0.60-1.00), - 0-CH2-COO- Na+. 
Hydroxyethyl cellulose (DS ;;; 1.0), -0fCH2CH2- 0+,.H 
and hydroxypropyl cellulose (DS :ll 2.5) are manufactured 

by the addition of ethylene oxide and propylene oxide, re­
spectively, to alkali-treated cellulose. The value of n. is 
about 2.0 for the former and not much greater than 1.0 for 
the latter. Hydroxypropyl methylcellulose is prepared by 
reacting alkali-treated cellulose first with methyl chloride to 
introduce methoxy groups (DS = 1.1- 1.8) and then with 
propylene oxide to introduce propylene glycol ether groups 
(DS = 0.1- 0.3). In general, the int roduction of hydroxypro­
pyl groups into cellulose reduces the water solubility some­
what while promoting the solubility in polar organic solvents 
like short-chain alcohols, glycols and some ethers. 

The molecular weight of native cellulose is so high that 
soluble derivatives of approximately the same degree of po­
lymerization would dissolve too slowly, and their solutions 
would be excessively viscous even at concent rations of l % 
and less. Controlled degradation is used to break the cellu­
lose chains into shorter segments, reducing the viscosity of 
the solutions of the corresponding soluble derivatives. 
Commercial grades of a given cellulose derivative such as 
sodium carboxymethylcellul08e come in various molecular 
weights or viscosity grades as well as with various degrees of 
substitution, offering the pharmacist a wide selection. 

Official cellulose derivatives which are insoluble in water 
but soluble in some organic solvents include ethylcellulose 
(DS • 2.2-2.7), -O-C2H5; cellulose acetate phthalate (DS 
= 1.70 for acetyl and 0.77 for phthalyl); and pyroxylin or 
cellulose nitrate (OS at 2), -O-NO2• Collodion, a 4.0% w/v 
solution of pyroxylin in a mixture of75% (v/ v) ether a nd 25~ 
(v/v) ethyl alcohol, constitutes a lyophilic colloidal system. 

The third class, water soluble synthetic polymers, consist.II 
mostly of vinyl derivatives including polyvinyl alcohol, po­
uidone or polyvinylpyrrolidone, and carbomer (Carbopol), a 
copolymer of acrylic acid. High molecular weight polyeth­
ylene glycols are also called polyethylene oxides. 

A second classification of hydrophilic polymers is based on 
their charge. Nonionic or uncharged polymers include 
methylcellulose, hydroxyethyl and hydroxypropyl cellulose, 
ethylcellulose, pyroxylin, polyethylene oxide, polyvinyl alco­
hol and povidone. Anionic or negatively charged polyelec• 
trolytes include the following carboxylated polymers: aca· 
cia, alginic acid, pectin, tragacanth, xanthan gum and car· 
homer at pH values leading to ionization of the carboxyl 
groups; sodium alginate and sodium carboxymethylcellu• 
lose; also polypeptides at pH values above their isoelectric 
points, eg, sodium caseinate. A stronger acid group is sulfu­
ric acid, which exists as a monoester in agar and heparin and 
as a monoamide in heparin. Cationic or positively charged 
polyelectrolytes are rare. Examples are polypeptides at pH 
values below their isoelectric points. Protamines are 
strongly basic due to a high arginine content, with isoelectric 
points around pH 12, eg protamine sulfate. 

Gel Formation- As described in Chapter 20 and illus· 
trated in Fig 20-7 A, the flexible chains of dissolved polymers 
interpenetrate and are entangled because of the constanJ 
Brownian motion of their segments. The chains writhe an 
forever change their conformations. Each chain is encased 
in a sheath of solvent molecules that solvate ita functional 
groups. In the case of aqueous solutions, water molecules 
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hydrogen-bonded to the hydroxyl groups of polyvinyl 
a~:Ohol. hydroxyl groups and ether links of polysaccharides, 
\her links of polyethylene oxide or polyethylene glycol, 
e ide groups of polypeptides and povidone, and carboxylate 
~ups of anionic polyelectrolytes. The envelope of water of 
~~dration prevents chains segments in close proximity from 
touching and attracting one another by interchain hydrogen 
bonds and van der Waals forces as they do in the solid state. 
The slippage of solvated chains past one another when the 
solution flows is lubricated by the free solvent between their 
salvation sheaths. 

Factors that lower the hydration of dissolved macromole-
cules reduce or thin out the sheath of hydration separating 
adjacent chains. When the hydration is low, contiguous 
chains tend to attract one another by secondary valence 
forces including hydrogen bonds and van der Waals forces. 
Hydrophobic bonding makes an important contribution to 
interchain attraction between polypeptide chains even in 
solution. Van der Waals forces and hydrogen bonds thus 
establish weak and reversible cross-links between chains at 
their points of contact or entanglement, bringing about 
phase separation or precipitation. 

Most water-soluble polymers have higher solubilities in 
bot th.an in cold water and tend to precipitate on cooling, as 
the sheaths of hydration surrounding adjacent chains be­
come too sparse to prevent interchain attraction. Dilute 
solutions separate into a solvent phase practically free of 
polymer and a viscous liquid phase containing practically all 
of the polymer but still a large excess of solvent. This 
process is called simple coaceruation and the polymer-rich 
liquid phase a coacervate.21•41 If the polymer solution is 
concentrated enough and/or the temperature low enough, 
cooling causes the formation of a continuous network of 
precipitating chains attached to one another through weak 
cross-links consisting of interchain hydrogen bonds and van 
der Waals forces at the points of mutual contact. Segments 
of regularly sequenced polymer chains even associate later­
ally into crystalline bundles or crystallites. Irregular chain 
structures as found in random copolymers, randomly substi­
tuted cellulose ethers and esters, and highly branched poly­
mers like acacia prevent crystallization during preci(litation 
from solution. Chain entanglements provide the sole tem­
porary cross-links in those cases. The network of associated 
polymer chains immobilizes the solvent and causes the solu­
tion to set to a gel. Gelatinous precipitates or highly swollen 
floes may separate when cooling more dilute polymer solu­
tions. 

Besides the chemical nature of polymer and solvent, the 
three most important factors causing phase separation, pre­
cipitation and gelation of polymer solutions are tempera­
ture, concentration and molecular weight. Lower tempera­
tures, higher concentrations and higher molecular weights 
promote gelation and produce stronger gels. 

For a typical gelatin, 10% solutions acquire yield values 
and begin to gel at about 25°, 20% solutions at about 30° and 
30% solutions at about 32°. The gelation is reversible: the 
g~la ~quefy when heated above these temperatures. Gela­
tion is rarely observed above 34 ° regardless of concentration, 
80 ~t g~latin solutions do not gel at 37°. Conversely, 
1elatm will dissolve readily in water at body temperature. 
~e .&elation .tem~rature or gel point of gelatin is highest at 

e LSOel~tr1c pomt, where the attachment between adja­
~n~hains by coulombic attraction or ionic bonds between 
~ ?'Ylate ions and alkylammonium, guanidinium or imi-

hum groups is most extensive. Since the carboxyl 
&roups a~e not ionized at gastric pH, interchain ionic bonds 
=rracttcally nonexistent, and interchain attraction is lim­
gela ~ hydrogen bonds and van der Waals forces. The 
de ti: temperature or the melting point of gelatin gels 
t~n more strongly on temperature and concentration 

on pH.48
•49 The combination of an acid pH consider-

DISPERSE SYSTEMS 293 

ably below the isoelectric point and a temperature of 37° 
completely prevents the gelation of gelatin solutions. Con­
versely, these two conditions promote rapid dissolution of 
gelatin capsules in the stomach. Agar and pectic acid solu­
tions set to gels at only a few percent of solids. 

Unlike most water-soluble polymers, methylcellulose, hy­
droxypropyl cellulose and polyethylene oxide are more solu­
ble in cold than in hot water. Their solutions therefore tend 
to gel on heating (thermal gelation). 

When dissolving powdered polymers in water. temporary 
gel formation often slows the process down considerably. 
As water diffuses into loose clumps of powder, their exterior 
frequently turns to a cohesive gel of solvated particles encas­
ing dry powder. Such blobs of gel dissolve very slowly be­
cause of their high viscosity and the low diffusion coefficient 
of the macromolecules. Especially for large-scale dissolu• 
tion, it is helpful to disperse the polymer powder i.n water 
before it can agglomerate into lumps of gel. In order to 
permit dispersion to precede hydration and to prevent tem­
porary gel formation, the polymer powders are dispersed in 
water at temperatures where the solubility of the polymer is 
lowest. Most polymer powders, such as sodium carboxy­
methylcellulose, are dispersed with high shear in cold water 
before the particles can hydrate and swell to sticky gel grains 
agglomerating into lumps. Once the powder is well dis­
persed, the solution is heated with moderate shear to about 
60° for fastest dissolution. Because methylcellulose hy­
drates most slowly in hot water, the powder is dispersed with 
high shear in 1/5 to 1/3 of the required amount of water heated 
to 80 to 90°. Once the powder is finely dispersed, the rest of 
the water is added cold or even as ice, and moderate stirring 
causes prompt dissolution. For maximum clarity, fullest 
hydration and highest viscosity, the solution should be 
cooled to Oto 10° for about an hour. 

The following are two alternative methods for preventin6 
the formation of gelatinous lumps upon addition of water. 
The powder is prewetted with a water-miscible organic sol­
vent such as ethyl alcohol or propylene glycol that does not 
swell the polymer, in the proportion of from three to five 
parts solvent to each part of polymer. If other nonpoly­
meric powdered adjuvants are to be incorporated into the 
solution, these are dry-blended with the polymer powder. 
The latter should comprise ¼ or less of the blend for best 
results. 

A pharmaceutical application of gelation in a nonaqueous 
medium is the manufacture of Plastibase or Jelene 
(Squibb) , which consists of 5% of a low-molecular-weight 
polyethylene and 95% of mineral oil. The polymer is soluble 
in mineral oil above 90°, which is close to its melting point. 
When the solution is cooled below 90°, the polymer precipi­
tates and causes gelation. The mineral oil is immobilized in 
the network of entangled, and adhering, insoluble polyethyl­
ene chains which probably even associate into small crystal­
line regions. Unlike petrolatum, this gel can be heated to 
about 60° without substantial loss in consistency. 

Large increases in the concentration of polymer solutions 
may lead to precipitation and gelation. One way of effec­
tively increasing the concentration of aqueous polymer solu­
tions is to add inorganic salts. The salts will bind part oft.he 
water of the polymer solution in order to become hydrated. 
Competition for water of hydration dehydrates the polymer 
molecules and precipitates them, causing gelation. This 
phenomenon is called salting out. Because of its high solu­
bility in water, ammonium sulfate is often used by biochem­
ists to precipitate and separate proteins from dilute solution. 
To the pharmacist, salting out usually represents an unde­
sirable problem. It is reversible, however, and subsequent 
addition of water redissolves the precipitated polymers and 
liquefies their gels. Salting out may cause the polymer to 
separate as a concentrated and viscous liquid solution or 
simple coacervate rather than as a solid gel. 
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The effectiveness of electrolytes to salt out, precipitate or 
gel hydrophilic colloidal systems depends on how extensive­
ly the electrolytes are hydrated. The Hofmeister or lyotro­
pic series arranges ions in the order of increasing hydration 
and increasing effectiveness in salting out hydrophilic col­
loids. The series, for monovalent cations, is 

Cs+< Rb+< NH4+ < K+ <Na+< Li+ 

and for divalent cations, 

BaH < Sr2+ < Ca2+ < Mg~+ 

This series also arranges the cations in the order of decreas­
ing coagulating power or increasing coagulation values for 
negative hydrophobi.-: sols (see Table XIV) and of increasing 
ease of their displacement from cation exchange resins: K+ 
displaces Na"' and Li"'. For anions, the lyotropic series in 
the order of decreasing coagulating power and decreasing 
effectiveness in salting out is 

F- > citrate3- > HPO4
2- > tartrate2- > 

SO4
2- >acetate-> Cl-> No~- > ClO:1- > 

Br- > ClO4 - > I- > CNS-

Iodides and thiocyanates and to a lesser extent bromides and 
nitrates actually tend to increase the solubility of polymers 
in water, salting them in.21 ·22-24-26 These large polarizable 
anions destructure water, reducing the extent of hydrogen 
bonding among water molecules and thereby making more 
of the hydrogen-bonding capacity of water available to the 
solute. Most salts except nitrates, bromides, perchlorates, 
iodides and thiocyanates raise the temperature of precipita­
tion or gelation of most hydrophilic colloidal solutions or 
their gel melting points. Exceptions among hydrophilic col­
loids are methylceUulose, hydroxypropyl cellulose and poly­
ethylene oxide whose gelation temperatures or gel points 
and gel melting points are lowered by salting out. 

Hydrophobic aqueous dispersions are coagulated by elec­
trolytes at 0.0001-0.1 M concentrations (see Table XIV). 
Moreover, the coagulation is irreversible. ie, removal of the 
coagulating salt does not allow the coagulum to be redis­
persed, because the hydrophobic t1ols are intrinsically unsta­
ble. By contrast, most hydrophilic sols require electrolyte 
concentrations of l M or higher for precipitation. Their 
precipitation or gelation can be reversed, and the polymer 
redissolved by removing the salt through dialysis or by add­
ing more water. Hydrophilic colloids disperse or dissolve 
spontaneously in water, and their sols are intrinsically sta­
ble. 

Most of the hydrophilic and water-soluble polymers men­
tioned above are only slightly soluble or insoluble in alcohol. 
Addition of alcohol to their aqueous solutions may cause 
precipitation or gelation because alcohol is a nonsolvent or 
precipitant, lowering the dielectric constant of the medium, 

and it tends to dehydrate the hydrophilic solute. Alcohol 
lowers the concentrations at which electrolytes salt out hy­
drophilic colloids. Phase separation through the addition of 
alcohol to an aqueous polymer solution may cause coacerva. 
tion, ie, the separation of a concentrated viscous liquid 
phase, rather than precipitation or formation of a gel. Su­
crose also competes for water of hydration with hydrophilic 
colloids, and may cause phase separation. However, most 
hydrophilic sols tolerate substantiaJly higher concentrations 
of sucrose than of electrolytes or alcohol. Lower viscosity 
grades of a given polymer are usually more resistant to elec• 
trolytes, alcohol and sucrose than grades of higher viscosity 
and higher molecular weights. 

Whenever hydrophilic colloidal dispersions undergo irre­
versible precipitation or gelation, chemical reactions are in­
volved. Neither dilution with water nor heating nor at­
tempts to remove the gelling or precipitating agent by wash­
ing or dialysis will liquefy those gels or redissolve the 
gelatinous precipitates formed at lower polymer concentra­
tions. Carboxyl groups are not ionized in strongly acid me­
dia. If a polymer owes its solubility to the ionization of 
these weakly acid groups, reducing the pH of its solution 
below 3 may lead to precipitation or gelation. This is ob­
served with such carboxylated polymers a::i many gums, sodi­
um carboxymethylcellulose and carbomer. Hydrogen car­
boxymethylcellulose swells and disperses but does not dis­
solve in water. Neutralization to higher pH values returns 
the carboxyl groups to their ionized state and reverses the 
gelation or precipitation. 

Only the sodium, potassium, ammonium and t riethanol­
ammonium salts of carboxylated polymers are well soluble 
in water. In the case of carboxymethylceUulose, salts with 
heavy metal cations (silver, copper, mercury, lead) and triva­
lent cations (aluminum, chromic, ferric) are practically in­
soluble. Salts with divalent cations, especially of the alka­
line earth metals, have borderline solubilities. Generally, 
higher degrees of substitution tend to increase the tole!"ance 
of the carboxymethylcellulose to salts. 

Precipitation or gelation occur due to metathesis when 
inorganic salts of heavy or t rivalent cations are mixed with 
alkali metal salts of carboxylated polymers in solution. For 
instance, if a soluble copper salt is added to a solution of 
sodium carboxymethylcellulose, the double decomposition 
can be written schematically as 

R1C0<rNa+ + ItiCO<rNa+ + CuSO, -

;O~ /°" R.C Cu Clti + NaiSO, 
"-o/ 'o/ 

Rt and R:i represent two carboxymethylcellulose chains 
which are cross-linked by a chelated copper ion. Dissocia­
tion of the cupric carboxylate complex is negligible. 

Particle Phenomena and Coarse Dispersions 

The Dispersion Step 

The pharmaceutical formulator is concerned primarily 
with producing a smooth, uniform, easily flowing tpouringor 
spreading) suspension or emulsion in which dispersion of 
particles can be effected with minimum expenditure of ener­
gy. 

In preparing suspensions, particle-particle attractive 
forces need to be overcome by the high shearing action of 
such devices as the colloid mill. or by use of surface-active 
agents. The latter greatly facil itate wetting of lyophobic 

powders and assist in the removal of surface air that shearing 
alone may not remove; thus the clumping tendency of the 
particles is reduced. Moreover, lowering of the surface free 
energy by the adsorption of these agents directly reduces the 
thermodynamic driving force opposing dispersion of the 
particles. 

In emulsification shear rates are frequently necessary for 
dispersion of the internal phase into fine droplets. The 
shear forces are opposed by forces operating to resist distor· 
tion and subsequent breakup of the droplets. Again sur· 
face -active agents help greatly by lowering interiacial ten· 

r 
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multaneously a tendency for the system to rever t to an ener­
getically more stable state, manifested by floccula t ion, co­
alescence, sedimentation, crystal growth, and caking phe­
nomena. If these physical changes are not inhibited or 
controlled, successful dispersions will not be achieved or will 
be lost during shelf life. 

Sett/Ing and Its Control 

In order to control the settling of d ispersed material in 
suspension, the pharmacist must be aware of those physical 
factors that will affect the rate of sedimentat ion of particles 
under ideal and nonideal cond itions. He must also be aware 
of the various coefficients used to express the amount of 
flocculation in the system and the effect flocculation will 
have on the structure and volume of the sediment. 

Sedimentation Rate 

The rate at which particles in a suspension sediment is 
related to their size and density and the viscosity of the 
suspension medium. Brownian movement may exert a s ig­
nificant effect, as will the absence or presence of flocculation 
in the system. 

Stokes' Law- The velocity of sedimentation of a uniform 
collection of spherical particles is governed by Stokes' law, 
expressed as follows: 

(35) 

where u is the terminal velocity in cm/sec, r is the radius of 
the particles in cm, p 1 and P2 are t he densities (g/cm3) of the 
dispersed phase and the dispersion medium, respectively, g 
is the acceleration due to gravity (980. 7 cm/sec2) and 11 is the 
Newtonian viscosity of the dispersion medium in poises 
(g/cm sec). Stokes' law holds only if the downward motion 
of the particles is not sufficiently rapid to cause turbulence. 
Micelles and small phospholipid vesicles do not settle unless 
they are subjected to centrifugation. 

While conditions in a pharmaceutical suspension are not 
in strict accord with those laid down for Stokes' law, Eq 35, 
provides those factors that can be expected to influence the 
rate of settling. Thus, sedimentation velocity will be re­
duced by decreasing the particle size, provided the particles 
are kept in a deflocculated state. The rate of sedimentation 
will be an inverse function of the viscosity of the dispersion 
medium. However, too high a viscosity is undesirable, espe­
cially if the suspending medium is Newtonian rather than 
shear-thinning (see Chapter 20), since it then becomes diffi ­
cult to redisperse material which has settled. It also may be 
inconvenient to remove a viscous suspension from its con-

tainer. When the size of particles undergoing sedimenta­
tion is reduced to approximately 2 µm, random Brownian 
movement is observed and the rate of sedimentation departs 
markedly from the theoretical predictions of Stokes' law. 
The actual size a t which Brownian movement becomes sig­
nificant depends on the density of the particle as well as the 
viscosity of the dispersion medium. 

Flocculation and Deflocculation- Zeta potential ,j,, is a 
measurable indication of the potential existing at the surface 
of a particle. When ,j,, is relatively high (25 m V or more), the 
repuls ive forces between two particles exceed the attractive 
London forces. Accordingly, the particles are dispersed and 
are said to be def locculated. Even when brought close to­
gether by random motion or agitation, deflocculated parti­
cles resist collision due to their high surface potentia l. 

The addition of a preferentially adsorbed ion whose 
charge is opposite in sign to that on the particle leads to a 
progressive lowering of ,t, ,. At some concentration of the 
added ion the electrical forces of repulsion a re lowered suffi­
ciently that the forces of attraction predominate. Under 
these conditions the particles may approach each other more 
closely and form loose aggregates, termed floes. Such a 
system is said to be f loccu.lated. 

Some workers restrict the term flocculation to the aggre­
gation brought about by chemical bridging; aggregation in­
volving a reduction of repulsive potential at the double layer 
is referred to as coagulation. Other workers regard floccula­
tion as aggregation in the secondary minimum of the poten­
t ial energy curve of two interacting particles and coagulation 
as aggregation in the primary minimum. In the present 
chapter the term flocculation is used for all aggregation 
processes, irrespective of mechanism. 

The continued addition of the flocculating agent can re­
verse the above process, if the zeta potential increases suffi­
ciently in the opposite direction. Thus, the adsorption of 
anions onto positively charged de flocculated particles in sus­
pension will lead to flocculation. The addition of more 
anions can eventually generate a net negative charge on the 
particles. When this has achieved the required magnitude, 
deflocculation may occur again. The only difference from 
the starting system is that the net charge on the particles in 
their deflocculated state is negative rather than positive. 

Table XV-Aelallve Properties of Flocculated and Detlocculated Particles In Suspension 

Oellocculated 

l. Particles ellist in suspension as separate entities. 
2. Rate of sedimentation is slow, since each particle settles 

separately and particle size is minimal. 
3. A sediment is formed slowly. 
4- The sediment eventually becomes very closely packed, due to 

weight of upper layers of sedimenting material. Repulsive 
forces between particles are overcome and a hard cake is 
formed which is difficult, if not imPossible, to redisperse. 

5. The suspension has a pleasing appearance, since the suspended 
material remains suspended for a relatively long time. The 
supernatant also remains cloudy, even when settling is 
apparent. 

Flocculated 

Particles form loose aggregates. 
Rate of sedimentation is high, since particles settle as a Ooc, which 

is a collection of particles. 
A sediment is formed rapidly. 
The sediment is loosely packed and possesses a scaffold-like 

structure. Particles do not bond tightly to each other and a 
hard, dense cake does not form. The sediment is easy to 
redisperse, so as to reform the original suspension. 

The suspension is somewhat unsightly, due to rapid sedimentation 
and the presence of an obvious, clear supernatant region. This 
can be minimized if the volume of sediment is made large. 
Ideally, volume of sediment should encompass the volume of the 
suspension. 
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Some of the major differences between suspensions of floc ­
culated and deflocculated particles are presented in Table 
xv. 

Effect of Flocculation- In a deflocculated system con­
taining a distribution of particle sizes, the larger particles 
naturally settle faster than the smaller particles. The very 
small particles remain suspended for a considerable length 
of time, with the result that no distinct boundary is formed 
between the supernatant and the sediment. Even when a 
sediment becomes discernible, the supernatant remains 
cloudy. 

When the same system is flocculated (in a manner to be 
discussed later), two effects are immediately apparent. 
First, the floes tend to fall together so that a distinct bound• 
ary between the sediment and the supernatant is readily 
observed; second, the supernatant is clear, showing that the 
very fine particles have been incorporated into the floes. 
The initial rate of settling in flocculated systems is deter­
mined by the size of the floes and the porosity of the aggre­
gated mass. Under these circumstances it is perhaps better 
to use the term subsidence, rather than sedimentation. 

Quantitative Expressions of Sedimentation and 
Flocculation 

Frequently, the pharmacist needs to assess a formulation 
in terms of the amount of flocculation in the suspension and 
to compare this with that found in other formulations. The 
two parameters commonly used for this purpose are outlined 
below. 

Sedimentation Volume- The sedimentation uolume, F, 
is the ratio of the equilibrium volume of the sediment, V.,, to 
the total volume of the suspension, Vo. Thus, 

(36) 

As the volume of suspension which appears occupied by the 
sediment increases, the value of F, which normally ranges 
from nearly Oto 1, increases. In the system where F = 0.75, 
for example, 75% of the total volume in the container is 
apparently occupied by the loose, porous floes forming the 
sediment. This is illustrated in Fig 19-33. When F = l, no 
sediment is apparent even though the system is flocculated. 
This is the ideal suspension for, under these conditions, no 
sedimentation will occur. Caking also will be absent. Fur­
thermore, the suspension is esthetically pleasing, there being 
no visible, clear supernatant. 

Degree of Flocculation- A better parameter for com­
paring flocculated systems is the degree of flocculation, 11, 
which relates the sedimentation volume of the flocculated 
suspension, F, to the sedimentation volume of the suspen­
sion when deflocculated, F. . It is expressed as 

tJ = FIF. (37) 

The degree of flocculation is, therefore, an expression of 
the increased sediment volume resulting from flocculation. 

r-----1100 _ - -- 100 

Oeflocculated Flocculated 

f ig 19-33. Sedimentation parameters of suspensions. Oefloccu­
lated suspension: F. = 0. 15 Flocculated suspension: F • 0. 75; fJ 
= 5.0. 

If, for ex.ample, fJ has a value of 5.0 (Fig 19-33), this means 
that the volume of sediment in the flocculated system is five 
times that in the deflocculated state. If a second flocculated 
formulation results in a value for fJ of say 6.5, this latter 
suspension obviously is preferred, if the aim is to produce as 
flocculated a product as possible. As the degree of floccula ­
tion in the system decreases, fJ approache.s unity, the theo­
retical minimum value. 

Suspensions and their Formulation 

A pharmaceutical suspension may be defined as a coarse 
dispersion containing finely divided insoluble material sus­
pended in a liquid medium. Suspension dosage forms are 
given by the oral route, injected intramusculary or subcuta­
neously, applied to the skin in topical preparations, and used 
ophthalmic.ally in the eye. They are an important class of 
dosage form. Since some products are occasionally pre­
pared in a dry form, to be p laced in suspension at the time of 
dispensing by the addition of an appropriate vehicle, this 
definition is extended to include these products. . 

There are certain criteria that a well-formulated suspen­
sion should meet. The dispersed particle.a should be of such 
a size that they do not settle rapidly in the container. How­
ever, in the event that sedimentation occurs, the sediment 
must not form a hard cake. Rather, it must be capable of 
redispersion with a minimum effort on the part of the pa­
tient. Additionally, the product should be easy to pour, 
pleasant to take, and resistant to microbial attack. 

The three major problem areas associated with suspen­
sions are (1) adequate dispersion of the particles in the 
vehicle, (2) settling of the dispersed particles, and (3) caking 
of these particles in the sediment so as to resist redispersion. 
Much of the following discussion will deal with the factors 
that influence these processes and the ways in which they 
can be minimized. 

The formulation of a suspension possessing optimal phys­
ical stability depends on whether the particles in suspension 
are to be flocculated or to remain deflocculated. One ap­
proach involves use of a structured vehicle to keep defloccu­
lated particles in suspension; a second depends on controlled 
flocculation as a means of preventing cake formation. A 
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Fig 19-34. Alternative approaches to the formulation ol suspetl· 
sions. 
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~fustrated in Fig 19-34. 
Dispersion of ~arti~les- The dispersion ste~ has been 

discussed earlier m this _chapter. Surf~ce-act1v~ . agen~ 
ommonly are used as wetting agents; maximum efftc1ency 1s 

~btained when the HLB value lies within the range of7 to 9. 
A concentrated solution of the wetting agent in the vehicle 
roay be used to prepare a slurry o~ the powder; this is dilut~ 
with the required amount of vehicle. Alcohol and glycerm 
roay be used sometimes in the initial stages to disperse the 
particles, thereby allowing the vehicle to penetrate the pow­
der mass. 

Only the minimum amount of wetting agent should be 
used compatible with producing an adequate dispersion of 
the ~rticles. Excessive amounts may lead to foaming or 
impart an undesirable taste or odor to the product. Invari­
ably, as a result of wetting, the dispersed particles in the 
vehicle are deflocculated. 

StructUl'ed Vehicles- Structured vehicles are generally 
aqueous solutions of polymeric materials, such as the hydro­
colloids, which are usually negatively charged in aqueous 
solution. Typical examples are methylcellulose, carboxy­
methylcellulose, bentonite, and Carbopol. The concentra­
t ion employed will depend on the consistency desired for the 
suspension which, in turn, will relate to the size and density 
of the suspended particles. They function as viscosity-im­
parting suspending agents and, as such, reduce the rate of 
sedimentation of dispersed particles. 

The rheological properties of suspending agents are con­
sidered elsewhere (Chapter 20). Ideally, these form pseudo­
plastic or plastic systems which undergo shear-thinning. 
Sl)me degree of thixotropy is also desirable. Non-Newtoni­
a •1 materials of this type are preferred over Newtonian sys­
tem~ because, if the particles eventually settle to the bottom 
of the container, their redispersion is facilitated by the vehi­
cle thinning when shaken. When the shaking is discontin­
ued, the vehicle regains its original consistency and the re­
dispersed particles are held suspended. This process of 
redispersion, facilitated by a shear-thinning vehicle, presup­
poses that the deflocculated particles have not yet formed a 
cake. If sedimentation and packing have proceeded to the 
point where considerable caking has occurred, redispersion 
is virtually impossible. 

Controlled Flocculation-When using this approach 
(see Fig 19-34, Band C), the formulator takes the defloccu­
lated, wetted dispersion of particles and attempts to bring 
about flocculation by the addition of a flocculating agent; 
most commonly, these are either electrolytes, polymers, or 
surfactants. The aim is to control flocculation by adding 
that amount of flocculating agent which results in the maxi­
mum sedimentation volume. 

Electrolytes are probably the most widely used flocculat­
ing agents. They act by reducing the electrical forces of 
repulsion between particles, thereby allowing the particles 
to form the loose floes so characteristic of a flocculated 
suspension. Since the ability of particles to come together 
a_nd form a floe depends on their surface charge, zeta poten­
t18l measurements on the suspension, as an electrolyte is 
added, provide valuable information as to the extent of floc­
culation in the system. 

This principle is illustrated by reference to the following 
e~ample, taken from the work of Haines and Martin.50 Par­
ticles of sulfamerazine in water bear a negative charge. The 
serial addition of a suitable electrolyte, such as aluminum 
chloride, causes a progressive reduction in the zeta potential 
of the particles. This is due to the preferential adsorption of 
t~e trivalent aluminum cation. Eventually, the zeta poten­
tial will reach zero and then become positive as the addition 
of AICia is continued. 
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Fig 19-35. Typical relationship between caking, zeta potential and 
sedimentation volume, as a positively charged flocculating agent is 
added to a suspension of negatively charged particles. e: zeta 
potential; ■ : sedimentation volume 

If sedimentation studies are run simultaneously on sus­
pensions containing the same range of AlC13 concentrations, 
a relationship is observed (Fig 19-35) between the sedimen­
tation volume, F, the presence or absence of caking, and the 
zeta potential of the particles. In order to obtain a flocculat­
ed, noncaking suspension with the maximum sedimentation 
volume, the zeta potential must be controlled so as to lie 
within a certain range (generally less than 25 m V). This is 
achieved by the judicious use of an electrolyte. 

A comparable situation is observed when a negative ion 
such as PO4

3- is added to a suspension of positively charged 
particles such as bismuth subnitrate. Ionic and nonionic 
surfactants and lyophilic polymers also have been used to 
flocculate particles in suspension. Polymers, which act by 
forming a "bridge" between particles, may be the most effi­
cient additives for inducing flocculation. Thus, it has been 
shown that the sedimentation volume is higher in suspen­
sions flocculated with an anionic heteropolysaccharide than 
when electrolytes were used. 

Work by Matthews and Rhodes,51 -S3 involving both ex­
perimental and theoretical studies, has confirmed the for ­
mulation principles proposed by Martin and Haines. The 
suspensions used by Matthews and Rhodes contained 2.5% 
w/vof griseofulvin as a fine powder together with the anionic 
surfactant sodium dioxyethylated dodecyl sulfate ( 10- 3 mo­
lar) as a wetting agent. Increasing concentrations of alumi­
num chloride were added and the sedimentation height 
(equivalent to the sedimentation volume, see page 295) and 
the zeta potential recorded. Flocculation occurred when a 
concentration of 1 o-a molar aluminum chloride was reached. 
At this point the zeta potential had fallen from -46.4 m V to 
- 17.0 m V. Further reduction of the zeta potential, to - 4.5 
m V by use of 10-2 molar aluminum chloride did not increase 
sedimentation height, in agreement with the principles 
shown in Fig 19-35. 

Matthews and Rhodes then went on to show, by computer 
analysis, that the DL VO theory (see page 285) predicted the 
results obtained, namely, that the griseofulvin suspensions 
under investigation would remain deflocculated when the 
concentration of aluminum chloride was 10-4 molar or less. 
Only at concentrations in the range of 10- 3 to 10- 2 molar 
aluminum chloride did the theoretical plots show deep pri­
mary minima, indicative of flocculation. These occurred at 
a distance of separation between particles of approximately 
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50 A, and led Matthews and Rhodes to conclude that coagu­
lation had taken place in the primary minimum. 

Schneider, et a/M have published details of a laboratory 
investigation (suitable for undergraduates) that combines 
calculations based on the DLVO theory carried out with an 
interactive computer program with actual sedimentation ex­
periments performed on simple systems. 

Flocculation in Structured Vehicles- The ideal for­
mulation for a suspension would seem to be when flocculated 
particles are supported in a structured vehicle. 

As shown in Fig 19-34 (under C), the process involves 
dispersion of the particles and their subsequent flocculation. 
Finally, a lyophilic polymer is added to form the structured 
vehicle. In developing the formulation, care must be taken 
to ensure the absence of any incompatibility between the 
flocculating agent and the polymer used for the structured 
vehicle. A limitation is that virtually all the structured 
vehicles in common use are hydrophilic colloids and carry a 
negative charge. This means that an incompatibility arises 
if the charge on the particles is originally negative. Floccu­
lation in this instance requires the addition of a positivf'ly 
charged flocculating agent or ion; in the presence of such a 
material, the negatively charged suspending agent may co­
agulate and lose its suspendability. This situation does not 
arise with particles that bear a positive charge, as the nega­
tive flocculating agent which the formulator must employ is 
compatible with the similarly charged suspending agent. 

Chemical Stability of Suspensions-Particles that are 
completely insoluble in a liquid vehicle are unlikely to un-

dergo most chemical reactions leading to degradation. 
However, most drugs in suspension have a finite solubility, 
even though this may be of the order of fractions of a micro­
gram per mL. As a result, the material in solution may be 
susceptible to degradation. However, Tingstad and co­
workers55 developed a simplified method for determining 
the stability of drugs in suspension. The approach is based 
on the assumptions that (1) degradation takes place only in 
the solution and is first order, (2) the effect of temperature 
on drug solubility and reaction rate conforms with classical 
theory, and (3) dissolution is not rate-limiting on degrada­
tion. 

Preparation of Suspensions-The small-scale prepara­
tion of suspensions may be readily undertaken by the prac­
ticing pharmacist with the minimum of equipment. The 
initial dispersion of the particles is best carried out by tritu­
ration in a mortar, the wetting agent being added in small 
increments to the powder. Once the particles have been 
wetted adequately, the slurry may be transferred to the final 
container. The next step depends on whether the defloccu­
lated particles are to be suspended in a structured vehicle, 
flocculated, or flocculated and then suspended. Regardless 
of which of the alternative procedures outlined in Fig 19-34 
is employed, the various manipulations can be carried out 
easily in the bottle, especially if an aqueous solution of the 
suspending agent has been prepared beforehand. 

For a detailed discussion of the methods used in the large­
scale production of suspensions, see the relevant section in 
Chapter 82. 

Emulsions in Pharmacy 
An emulsion is a dispersed system containing at least two 

immiscible liquid phases. The majority of conventional 
emulsions in pharmaceutical use have dispersed particles 
ranging in diameter from 0.1 to 100 µm. As with suspen­
sions, emulsions are thermodynamically unstable as a result 
of the excess free energy associated with the surface of the 
droplets. The dispersed droplets, therefore, strive to come 
together and reduce the surface area. In addition to this 
flocculation effect, also observed with suspensions, the dis­
persed particles can coalesce, or fuse, and this can result in 
the eventual destruction of the emulsion. In order to mini­
mize this effect a third component, the emulsifying agent, is 
added to the system to improve its stability. The choice of 
emulsifying agent is critical to the preparation of an emul­
sion possessing optimum stability. The efficiency of 
present-day emulsifiers permits the preparation of emul­
sions which are stable for many months and even years, even 
though they are thermodynamically unstable. 

Emulsions are widely used in pharmacy and medicine, and 
emulsified materials can possess advantages not observed 
when formulated in other dosage forms. Thus, certain me­
dicinal agents having an objectionable taste have been made 
more palatable for oral administration when formulated in 
an emulsion. The principles of emulsification have been 
applied extensively in the formulation of dermatological 
creams and lotions. Intravenous emulsions of contrast me­
dia have been developed to assist the physician in undertak­
ing X-ray examinations of the body organs while exposing 
the patient to the minimum of radiation. Considerable at­
tention has been directed towards the use of sterile, stable 
intravenous emulsions containing fat, carbohydrate, and vi­
tamins all in one preparation. Such products are adminis­
tered to patients unable to assimilate these vital materials 
by the normal oral route. 

Emulsions offer potential in the design of systems capable 
of giving controlled rates of drug release and of affording 

protection to drugs susceptible to oxidation or hydrolysis. 
There is still a need for well-characterized dermatological 
products with reproducible properties, regardless of whether 
these products are antibacterial, sustained-release, protec­
tive, or emollient lotions, creams or ointments. The princi­
ple of emulsification is involved in an increasing number of 
aerosol products. 

The pharmacist must be familiar with the types of emul­
sions and the properties and theories underlying their prep­
aration and stability; such is the purpose of the remainder of 
this chapter. Microemulsions, which can be regarded as 
isotropic, swollen micellar systems are discussed in Chapter 
83. 

Emulsion Type and Means of Detection 

A stable emulsion must contain at least three components; 
namely, the dispersed phase, the dispersion medium, and 
the emulsifying agent. Invariably, one of the two immisci· 
ble liquids is aqueous while the second is an oil. Whether 
the aqueous or the oil phase becomes the dispersed phase 
depends primarily on the emulsifying agent used and the 
relative amounts of the two liquid phases. Hence, an emul­
sion in which the oil is dispersed as droplets throughout the 
aqueous phase is termed an oil-in-water, 0/W, emulsion. 
When water is the dispersed phase and an oil the dispersion 
medium, the emulsion is of the water-in-oil, W /0, type. 
Most pharmaceutical emuls ions designed for oral adminis· 
tration are of the 0/W type; emulsified lotions and creams 
are either 0/W or W /0, depending on their use. Butter and 
salad creams are W /0 emulsions. 

Recently, so-called multiple emulsions have been devel­
oped with a view to delaying the release of an active ingredi• 
ent. In these types of emulsions three phases are present, ie, 
the emulsion has the form W /0/W or 0/W /0. In these 

T 
I 
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.. mulsions within emulsions," any drug present in the in-
e rmost phase must now cross two phase boundaries to 

• . h each the external, contmuous, p ase. 
r It is important for the pharmacist to know the type of 
mulsion he has prepared or is dealing with, since this can 

effect its properties and performance. Unfortunately, the 
aeveral methods available can give incorrect results, and so 
die type of emulsion determined by one method should 
always be confirmed by means of a second method. 

Dilution Test- This method depends on the fact that an 
0/W emulsion can be d_il~ted with water and a W /0 _emul­
sion with oil. When oil ts added to an 0/W emulsion or 
water to a W /0 emulsion, the additive is not incorporated 
into the emulsion and separation is apparent. The test is 
greatly improved if the addition of the water or oil is ob­
served microscopically. 

Conductivity Test- An emulsion in which the continu­
ous phase is aqueous can be expected to possess a much 
higher conductivity than an emulsion in which the continu­
ous phase is an oil. Accordingly, it frequently happens that 
when a pair of electrodes, connected to a lamp and an electri­
cal source, are dipped into an 0/W emulsion, the lamp lights 
due to passage of a current between the two electrodes. If 
the lamp does not light, it is assumed that the system is W /0. 

Dye-Solubility Test-The knowledge that a water-solu­
ble dye will dissolve in the aqueous phase of an emulsion 
while an oil-soluble dye will be taken up by the oil phase 
provides a third means of determining emulsion type. 
Thus, if microscopic examination shows that a water-soluble 
dye has been taken up by the continuous phase, we are 
dealing with an 0/W emulsion. If the dye has not stained 
the continuous phase, the test is repeated using a small 
amount of an oil-soluble dye. Coloring of the continuous 
phase confirms that the emulsion is of the W /0 type. 

Formation and Breakdown of Dispersed Uquid 
Droplets 

An emulsion exists as the result of two competing process­
es, namely, the dispersion of one liquid throughout another 
as droplets, and the combination of these droplets to reform 
the initial bulk liquids. The first process increases the free 
energy of the system, while the second works to reduce the 
free energy. Accordingly, the second process is spontaneous 
and continues until breakdown is complete; ie, the bulk 
phases are reformed. 

It is of little use to form a well-dispersed emulsion if it 
quickly breaks down. Similarly, unless adequate attention 
is given to achieving an optimum dispersion during prepara­
tion, the stability of an emulsion system may be compro­
mised from the start. Dispersion is brought about by well­
designed and well-operated machinery, capable of produc­
ing droplets in a relatively short period of time. Such 
equipment is discussed in Chapter 83. The reversal back to 
the bulk phases is minimized by utilizing those parameters 
which influence the stability of the emulsion once it is 
formed. 
. Dispersion Process To Form Droplets-Consider two 
unmiscible liquid phases in a test tube. ln order to disperse 
one liquid as droplets within the other, the interface between 
t~e two liquids must be disturbed and expanded to a suffi­
~•ent degree so that ••fingers" or threads of one liquid pass 
into the second liquid, and uice uersa. These threads are 
unstable, and become varicosed or beaded. The beads sepa­
rate and become spherical, as illustrated in Fig 19-36. De­
pleending on the agitation or the shear rate used, larger drop-

ts are also deformed to give small threads, which in turn 
Produce smaller drops. 

The time of agitation is important. Thus, the mean size of 

ln,t,al stage: 
separate 

bu lk phases 
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Intermediate 
stage 0/W and 

W/0 <lrspersrons 
present on system 

••••• 
•••• • ••• • • • • • • • •••• 

F,nal emulsion 
,s 0/W type when 
Rate 2 > Rate l 

F,nal emulsion ,s 
W /0 type when 
Rate l> Rate 2 

Fig 19-36. Effect of rate of coalescence on emulsion type. Rats 1: 
O/W coalescence rate; Rate 2: W/O coalescence rate. •: oil; o: 
water. For an explanation of Rates 1 and 2, refer to the discussion of 
Davies oo page 304. 

droplets decreases rapidly in the first few seconds of agita­
tion. The limiting size range is generally reached within 1 to 
5 minutes, and results from the number of droplets coalesc­
ing being equivalent to the number of new droplets being 
formed. It is uneconomical to continue agitation any fur­
ther. 

The Liquids may be agitated or sheared by several means. 
Shaking is commonly employed, especially when the compo­
nents are of low viscosity. Intermittent shaking is frequent­
ly more efficient than continual shaking, possibly because 
the short time interval between shakes allows the thread 
which is forced across the interface time to break down into 
drops which are then isolated in the opposite phase. Con­
tinuous, rapid agitation tends to hinder this breakdown to 
form drops. A mortar and pestle is employed frequently in 
the extemporaneous preparation of emulsions. It is not a 
very efficient technique and is not used on a large scale. 
Improved dispersions are achieved by the use of high-speed 
mixers, blenders, colloid mills and homogenizers. Ultrason­
ic techniques also have been employed and are described in 
Chapter 83. 

The phenomenon of spontaneous emulsification, as the 
name implies, occurs without any external agitation. There 
is, however, an internal agitation arising from certain physi­
cochemical processes that affect the interface between the 
two bulk liquids. For a description of this process, see 
Davies and Rideal in the Bibliography. 

Coalescence or Droplets-Coalescence is a process dis­
tinct from flocculation (aggregation), which commonly pre­
cedes it . While flocculation is the clumping together of 
particles, coalescence is the fusing of the agglomerates into a 
larger drop, or drops. Coalescence is usually rapid when two 
immiscible liquids are shaken together, since there is no 
large energy barrier to prevent fusion of drops and reforma­
tion of the original bulk phases. When an emulsifying agent 
is added to the system, flocculation still may occur but co­
alescence is reduced to an extent depending on the efficacy 
of the emulsifying agent to form a stable, coherent interfa­
cial film. It is therefore possible to prepare emulsions that 
are flocculated, yet which do not coalesce. In addition to the 
interfacial film around the droplets acting as a mechanical 
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barrier, the drops also are prevented from coalescing by the 
presence of a thin layer of continuous phase between parti­
cles clumped together. 

Davies56 showed the importance of coalescence rates in 
determining emulsion type; this work is discussed in more 
detail on page 304. 

Emulsffyfng Agent 

T he process of coalescence can be reduced to insignificant 
levels by the addition of a third component-the emulsify­
ing agent or emulsifier. The choice of emulsifying agent is 
frequently critical in developing a successful emulsion, and 
the pharmacist should be aware of 

The desirable properties or emulsirying agents. 
How different emulsifiers act to optimize emulsion stability. 
How the type and physu:al properties of the emulsion can be affected 

by the emulsifying agent. 

Desirable Properties 

Some of the desirable properties of an emulsifying agent 
are that it should 

l. Be surface-active and reduce surface tension to below 10 dyn­
es/cm. 

2. Be adsorbed quickly around the dispersed d rops as a condensed . 
nonadherent film which will prevent coalescence. 

3 Impart to the droplets an adequate electrical potential so that 
mutual repulsion occurs. 

4. Increase the viscosity of the emulsion. 
5. Be effective in a reasonably low concentration. 

Not all emulsifying agents possess these properties to the 
same degree; in fact, not every good emulsifier necessarily 
possesses all these properties. Further, there is no one 
''ideal" emulsifying agent because the desirable properties 
of an emulsifier depend, in part, on the properties of the two 
immiscible phases in the particular system under consider­
ation. 

Interracial Tension-Lowering of interfacial tension is 
one way in which the increased surface free energy associat­
ed with the formation of droplets, and hence surface area, in 
an emulsion can be reduced (Eq 29). Assuming the droplets 
to be spherical, it can be shown that 

6F= 6y V 
d 

(38) 

where Vis the volume of dispersed phase in mL and d is the 
mean diameter of the particles. In order to disperse 100 mL 
of oil as 1-µm (10-~-cm) droplets in water when 'fotw = 50 
dynes/cm, requires an energy input of 

M = 6 X 50 X 100 .., 30 X 107 ergs 
1 X 10- 4 

= 30 joules or 30/4.184 = 7.2 cal 

In the above example the addition of an emulsifier that 
will reduce 'f from 50 to 5 dynes/cm will reduce the surface 
free energy from 7.2 to around 0.7 cal. Likewise. if the 
interfacial tension is reduced to 0.5 dyne/cm, a common 
occurrence, the original surface free energy is reduced a 
hundredfold. Such a reduction can help to maintain the 
surface area generated during the dispersion process. 

Film Formation-The major requirement of a potential 
emulsifying agent is that it readily form a film around each 
droplet of dispersed material. The main purpose of this 
film- which can be a monolayer, a multilayer, or a collection 
of small particles adsorbed at the interface-is to form a 
barrier which prevents the coalescence of droplets that come 
into contact with one another. For the film to be an efficient 

barrier, it should possess some degree of surface elasticity 
and should not thin out and rupture when sandwiched be­
tween two droplets. lf broken, the film should have the 
capacity to reform rapidly. 

Electrical Potential- The origin of an electrical poten­
tial at the surface of a droplet has been discussed earlier in 
the chapter. Insofar as emulsions are concerned, the pres­
ence of a well-developed charge on the droplet surface is 
significant in promoting stability by causing repulsion be­
tween approaching drops. This potential is likely to be 
greater when an ionized emulsifying agent is employed. 

Concentration oC Emulsifier- The main objective of an 
emulsifying agent is to form a condensed film around the 
droplets of the dispersed phase. An inadequate concentra­
tion will do little to prevent coalescence. Increasing the 
emulsifier concentration above an optimum level achieves 
little in terms of increased stability. In practice the aim is to 
use the minimum amount consistent with producing a satis­
factory emulsion. 

It frequently helps to have some idea of the amount of 
emulsifier required to form a condensed film, one molecule 
thick, around each droplet. Suppose we wish to emulsify 50 
g of an oil, density = 1.0. in 50 g of water. The desired 
particle diameter is 1 µm. Thus, 

Particle diameter = l µm = 1 X 10-4 cm 

Volume of particle= 7fd
3 

= 0.524 X 10- 12 cm3 

6 

Total number of particles in 50 g 

= 50 = 95.5 X 1012 

0.524 X 10- 12 

Surface area of each particle= 1rcfl = 3.142 X 10-8 cm2 

Total surface area = 3.142 X 10- a 

X 95.5 X 1012 ., 300 X 104 cm2 

If the area each molecule occupies at the oil/water inter­
face is 30 A2 (30 X 10-16 cmt), we require 

300 x 104 = 1 x 1ot1 molecules 
30 X 1016 

A typical emulsifying agent might have a molecular weight 
of 1000. Thus, the required weight is 

1000 X 1021 = 1.66 g 
6.023 X 1023 

T o emulsify 10 g of oil would require 0.33 g of the emulsify­
ing agent, etc. While the approach is an oversimplification 
of the problem, it does at least allow the formulator to make 
a reasonable estimate of the required concentration of emul­
sifier. 

Emulsion Rheology- The emulsifying agent and other 
components of an emulsion can affect the rheologic behavior 
of an emulsion in several ways and these are summarized in 
Table XVI. It should be borne in mind that the droplets of 
the internal phase are deformable under shear and that the 
adsorbed layer of emulsifier affects the interactions between 
adjacent droplets and also between a droplet and the contin· 
11ous phase. 

The means by which the rheological behavior of emulsions 
can be controlled have been discussed by Rogers.58 

Mechanism of Action 

Emulsifying agents may be classified in accordance with 
the type of film they form at the interface between the two 
phases. 

Monomolecular Films-Those surface-active agents 
which are capable of stabilizing an emulsion do so by form• 
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Table xvi-Facto,• 1n11uenclng Emullkln Vlsco1Hy
57 

Internal phase d od · · · b l. V I . e concentration (4>); hy r ynanuc interaction e-
a. t:;:globules; Ooccu.lation, leading to formation of globule 

aggregates. . 
v· coeity (111); deformation of globules m shear. 

b. G:bule size, and si7e distribution, technique used to_ pr~­
c. emulsion; interfocial tension between the two bq~1d 

p~~es; globule behavior in shear; interaction with contm· 
~:U: phase; globule interaction. 

d. Chemical constitution. 

2 Continuous phase . . 
· a Viscosity ( '10), and ~ther rheol~•cal propert1e~. 

b Chemical constitution, polarity, pH; potentto1 energy of 
· interaction between globules. 

c. Electrolyte concentration if pola, medium. 

3 Emulaifying agent . . . . 
· a Chemical constitution; potential energy of mteracuon be-

tween globules. 
b. Concentration, and solubilitr i~ internal and ~~nti~uous 

phases; emulsion type; emulsion inversion; solub1hzation of 
liquid phases In micelles. 
Thickness of film adsorbed around globules, and its rheo-

c. logical properties, deformation of globules in shear; fluid 
circulation within globules. 

d. Electroviscous effect. 
, . Additional stabilizing agents . 

Pigments, hydrocolloids, hydro.us oxides; effect on rh~log1c 
properties of liquid phases, and mterfacial boundary regton. 

ing a monolayer of adsorbed molecules or i~ns a~ the, oil/ 
water interface (Fig 19-37). In accordance wtth Gibbs law 
(Eq 29) the presence of an interfaci~I excess ~ecessitates a 
reduction in interfacial tension. This results ma more sta­
ble emulsion because of a proportional reduction in the sur­
face free energy. Of itself, this reduction is probably not the 
main factor promoting stability. More significant is the fact 
that the droplets are surrounded now by a coherent mono­
layer which prevents coalescence between approaching 
droplets. If the emulsifier forming the monolayer is ionized, 
the presence of strongly charged and mutually repelling 
droplets increases the stability of the system. With un­
ionized, nonionic surface-active agents, the particles may 
still carry a charge; this arises from adsorption of a specific 
ion or ions from solution. 

Multimolecular Films- Hydrated lyophilic colloids 
form multimolecular films around droplets of dispersed oil 
(Fig 19-37). The use of .these agents has declined in recent 
years because of the large number of synthetic surface-active 
agents available which possess well-marked emulsifying 
properties. While these hydrophilic colloids are adsorbed at 
an interface (and can be regarded therefore as "surface­
active "), they do not cause an appreciable lowering in sur­
face tension. Rather, their efficiency depends on their abili­
ty to form strong, coherent mult im olecular films. Thes_e act 
as a coating around the droplets and render them highly 
resistant to coalescence, even in the absence of a well-devel­
oped surface potential. Furthermore, any hydrocolloid not 
adsorbed at the interface increases the viscosity of the con­
tinuous aqueous phase; this enhances emulsion stability. 

Solid Particle Films-Small solid particles that are wet­
ted to some degree by both aqueous and nonaqueous liquid 
Phases act as emulsifying agents. If the particles are too 
hydrophilic, they remain in the aqueous phase; if too hydro­
phobic, they are dispersed completely in the oil phase. A 
second requirement is that the particles are small in relation 
to the droplets of the dispersed phase (Fig 19-37). 

Chemical Types 

Emulsifying agents may also be classified in terms of their 
chemical structure; there is some correlation between this 

0/W emulsion 
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Multomolecular 
folm 

fig 19-37. Types of films formed by emulsifying agents at the 
oil/water Interface. Orientations are shown for O/W emulsions. ■: 

oil; □: water. 

classification and that based on the mechanism of action. 
For example, the majority of emulsifiers forming monomo­
lecular films are synthetic, organic materials. Most of the 
emulsifiers that form multimolecular films are obtained 
from natural sources and are organic. A third group is 
composed of solid particles, invariably inorganic, that form 
fiims composed of finely divided solid particles. 

Accordingly, the classification adopted divides emulsify­
ing agents into synthetic, natural, and finely dispersed sol­
ids (Table XVII). A fourth group, the auxiliary materials 
(Ta.hie XVIII), are weak emulsifiers. The agents listed are 
designed to illustrate the various types available; they are 
not meant to be exhaustive. 

Synthetic Emulsi(ying Agents- This group of surface­
active agents which act as emulsifiers may be subdivided 
into anionic, cationic, and nonionic, depending on the charge 
possessed by the surfactant. 

Anionics-In this subgroup the surfactant ion bears a 
negative charge. The potassium, sodium, and ammonium 
salts of !auric and oleic acid are soluble in water and are good 
0/W emulsifying agents. They do, however, have a dis­
agreeable taste and are irritating to the gastrointestinal 
tract; this limits them to emulsions prepared for external 
use. Potassium laurate, a typical example, has the structure 

CH3(CH2hoCOO- K + 

Solutions of alkali soaps have a high pH; they start to precip­
itate out of solution below pH 10 because the unionized fatty 
acid is now formed, and this has a low aqueous solubility. 
Further, the free fatty acid is ineffective as an emulsifier and 
so emul.s ions formed from alkali soaps are not stable at pH 
values less than about 10. 

The calcium, magnesium and aluminum salts of fatty ac­
ids often termed the metallic soaps, are water insoluble and 
res~lt in W / 0 emulsions. 
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Table XVII-ClassHlcatlon of Emulsifying Agents 

Type 

Synthetic {surface-active 
agents) 

Natural 

Finely divided solids 

Typeol lilm 

Monomolecular 

Multi molecular 

Monomolecular 

Solid particle 

Anionic 
Soaps 

Examples 

Potassium laurate 
Triethanolamine stearate 

Sulfates 
Sodiu.m lauryl sulfate 
Alkyl polyoxyethylene sulfates 

Sulfonates 
Dioctyl sodium sulfosuccinate 

Catioruc: 
Quaternary ammonium compounds 

Cetyltrimethylammonium bromide 
Lauryldimethylbenzylammonium chloride 

Nonioruc. 
Polyoxyethylene fatty alcohol ethers 
Sorbita.n fatty acid esters 
Polyoxyethylene sorbitan fatty acid esters 

Hydrophilic colloids. 
Acacia 
Gelatin 
Lecithin 
Cholesterol 

Colloidal clays· 
Bentonite 
Veegum 

Metallic hydroxides: 
Magnesium hydroxide 

Table XVIII-Auxlllary Emufslfylng Agents55 

Product 

Bentonite 

Cetyl akohol 

Source and composition 

Colloidal hydrated aluminum silicate 

Series of methyl esters of cellulose 

Principal use 

Hydrophilic thickening agent and stabili.zer for 0/ 
W and W /0 lotions and creams 

Lipophilic thickening agent and stabilizer for 0/W 
lotions and ointments 

Lipophilic thickening agent and stabilizer for 0/W 
lotions and ointments 

Hydrophilic thickening agent and stabilizer for 0/ 
W emulsions; wea.k 0 /W emulsifier 

Glyceryl monostearate 

Methylcellulose 

Sodium alginate 

Sodium carboxymethyl-

The sodium salt of alginic acid, a purified carbohy­
drate extracted from giant kelp 

Hydrophilic thickening agent and stabilizer for 0/ 
W emulsions 

Hydrophilic thickening agent and stabilizer for 0/ 
W emulsions 

Sodium salt of the carboxymethyl esters of cellulose 
cellulose 

Stearic acid A mixture of solid acids from fats, chiefly stearic 
and palmitic 

Lipophilic thickening agent and stabilizer for 0/W 
lotions and ointments. Forms a true emulsifier 
when reacted with an alkali 

Stearyl alcohol 

Veegum Colloidal magnesium aluminum silicate 

Another class of soaps are salts formed from a fatty acid 
and an organic amine such as triethanolamine. While these 
O/ W emulsifiers are also limited to external preparations, 
their alkalinity is considerably less than that of the alkali 
soaps and they are active as emulsifiers down to around pH 
8. These agents are less irritating than the alkali soaps. 

Sulfated alcohols are neutralized sulfuric acid esters of 
such fatty alcohols as lauryl and cetyl alcohol. These com­
pounds are an important group of pharmaceutical surfac­
tants. They are used chiefly as wetting agents, although 
they do have some value as emulsifiers, particularly, when 
used in conjunction with an auxiliary agent. A frequently 
used compound is sodium lauryl sulfate. 

CHa(CH2hoCH20S03- Na+ 

Sulfonates are a class of compounds in which the sulfur 
atom is connected directly to the carbon atom, giving the 
general formula 

Lipophilic thickening agent and stabilizer for 0/W 
lotions and ointments 

Hydrophilic thickening agent and stabilizer for 0/ 
W lotions and creams 

CH3(CH2)nCH2S03- Na+ 

Sulfonates have a higher tolerance to calcium ions and do 
not hydrolyze as readily as the sulfates. A widely used 
surfactant of this type is dioctyl sodium sulfosuccinate. 

Cationics-The surface activity in this group resides in 
the positively charged cation. These compounds have 
marked bactericidal properties. This makes them desirable 
in emulsified anti-infective products such as skin lotions and 
creams. The pH of an emulsion prepared with a cationic 
emulsifier Lies in the pH 4-6 range. Since this includes the 
normal pH of the skin, cationic emulsifiers are advantageous 
in this regard also. 

Cationic agents are weak emulsifiers and are generally 
formulated with a stabilizing or auxiliary emulsifying agent 
such as cetostearyl alcohol. The only group of cationic 
agents used extensively as emulsifying agents are the quater· 
nary ammonium compounds. An example is cetyltrimethyl­
ammonium bromide. 
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(CH2)i4CH2N+(CH3h Br-

. . ulsifiers should not be used in the same for-
Cat~onic ~: anionic emulsifiers as they will interact. 

roul~tton ~ compatibility may not be immediately apparent 
While tbe_u:~tate virtually all of the desired antibacterial 
as ~ pre~fl

1 
en;rally have been lost. 

acuvit~ ~cs~ These undissociated surfactants find wide-
Nomon as emulsifying agents when they possess the 

spread ~ nee of hydrophilic and lipopbilic groups within 
proper 

1 
~e Their popularity is based on the fact that, 

the.fot~ ~ionic and cationic types, nonionic emulsifiers 
unh et usceptible to pH changes and the presence of elec­
areto s The number of nonionic agents available is legion; 
trtho ytest frequently used are the glyceryl esters, polyoxyeth-

yl 
e mosl col esters and ethers, and the sorbitan fatty acid 
ene g Y h l d . . esters and their polyoxyet y ene er1vat1ves. . 
A glyceryl ester, such as glyc~iyl ~~n~tearate, rs too 

li hilic to serve as a good emuls1f1er; 1t 1s widely used as an 
a~fiiary agent (Table XVIll) and has the structure 

CH1O0CC,:H~ 

I 
CHOH 

I 
CH,OH 

Sorbitan fatty acid esters, such as sorbitan monopalmitate 

HO ,OH 

V~-CH,R 
1 
OH 

(R,, 1c,,,. ,,1cooJ 

are nonion:c oil-soluble emulsifiers that promote W /0 emul­
sions. The polyoxyethylene sorbitan fatty acid esters, such 
as polyoxyethylene sorbitan monopalmitate, are hydrophilic 
water-soluble derivatives that favor O/W emulsions. 

HQ(C,><.Ol..D~OC,H.,, OH 

'o ~ <OC,H,t,OH 
H,C<OC,HJ IR 

(S...tn of •. "t, Y end l •i 20 . 

R •s <C1,H hlCOO ) 

Polyoxyethylene glycol esters, such as the monostearate, 
C11H35COO(CH2OCH2),.H, also are used widely. 

Very frequently, the best results are obtained from blends 
of nonionic emulsifiers. Thus, an O/W emulsifier custom­
arily will be used in an emulsion with a W /0 emulsifier. 
When blended properly, the nonionics produce fine -tex­
tured stable emulsions. 

Natural Emulsifying Agents-Of the numerous emulsi­
fying agents derived from natural (ie, plant and animal) 
sources, consideration will be given only to acacia, gelatin, 
lecithin, and cholesterol. Many other natural materials are 
only sufficiently active to function as auxiliary emulsifying 
agents or stabilizers. 

Acacia is a carbohydrate gum that is soluble in water and 
forms O/W emulsions. Emulsions prepared with acacia are 
~table over a wide pH range. Because it is a carbohydrate it 
1s necessary to preserve acacia emulsions against microbial 
attack by the use of a suitable preservative. The gum can be 
precipitated from aqueous solution by the addition of high 
concentrations of electrolytes or solvents less polar than 
water, such as alcohol. 

Gelatin, a protein, has been used for many years as an 
emulsifying agent. Gelatin can have two isoelectric points, 
depending on the method of preparation. So-called Type A 
gelati~, de~ived from an acid-treated precursor, has an iso­
el~ctric pomt of between pH 7 and 9. Type B gelatin, ob­
tamed from an alkali-treated precursor, bas an isoelectric 
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point of approximately pH 5. Type A gelatin acts best as an 
emulsifier around pH 3, where it is positively charged; on the 
other hand, Type B gelatin is best used around pH 8, where 
it is negatively charged. The question as to whether the 
gelatin is positively or negatively charged is fundamental to 
the stability of the emulsion when other charged emulsifying 
agents are present. In order to avoid an incompatibility, all 
emulsifying agents should carry the same sign. Thus, if 
gums (such as tragacanth, acacia or agar) which are negative­
ly charged are to be used with gelatin, Type B material 
should be used at an alkaline pH. Under these conditions 
the gelatin is similarly negatively charged. 

Lecithin is a phospholipid which, because of its strongly 
hydrophilic nature, produces O/W emulsions. It is liable to 
microbial attack and tends to darken on storage. 

Cholesterol is a major constituent of wool alcohols, ob­
tained by the saponification and fractionation of wool fat. 
It is cholesterol that gives wool fat its capacity to absorb 
water and form a W /0 emulsion. 

Finely Dispersed Solids-This group of emulsifiers 
forms p.articu1ate films around the dispersed droplets and 
produces emulsions which, while coarse-grained, have con­
siderable physical stability. It appears possible that any 
solid can act as an emulsifying agent of this type, provided it 
is reduced to a sufficiently fine powder. In practice the 
group of compounds used most frequently are the colloidal 
clays. 

Several colloidal clays find application in pharmaceutical 
emulsions; the most frequently used are bentonite, a colloi­
dal aluminum silicate, and Veegum (Vanderbilt), a colloidal 
magnesium aluminum silicate. · 

Bentonite is a white to gray, odorless, and tasteless powder 
that swells in the presence of water to form a translucent 
suspension with a pH of about 9. Depending on the se­
quence of mixing it is possible to prepare both O/W and W /0 
emulsions. When an O/W emulsion is desired, the benton­
ite is first dispersed in water and allowed to hydrate so as to 
form a magma. The oil phase is then added gradually with 
constant trituration. Since the aqueous phase is always in 
excess, the O/W emulsion type is favored. To prepare a 
W /0 emulsion, the bentonite is first dispersed in oil; the 
water is then added gradually. 

While Veegum is used as a solid particle emulsifying 
agent, it is employed most extensively as a stabilizer in 
cosmetic lotions and creams. Concentrations of less than 
1% Veegum will stabilize an emulsion containing anionic or 
nonionic emulsifying agents. 

Auxiliary Emulsifying Agents-Included under this 
heading are those compounds which are normally incapable 
themselves of forming stable emulsions. Their main value 
lies in their ability to function as thickening agents and 
thereby help stabilize the emulsion. Agents in common use 
are listed in Table XVIII. 

Emulsifying Agents and Emulsion Type 

For a molecule, ion, colloid, or particle to be active as an 
emulsifying agent, it must have some affinity for the inter­
face between the dispersed phase and the dispersion medi­
um. With the mono- and multilayer films the emulsifier is 
in solution and, therefore, must be soluble to some extent in 
one or both of the phases. At the same t ime it must not be 
overly soluble in either phase, otherwise it will remain in the 
bulk of that phase and not be adsorbed at the interface. 
This balanced affinity for the two phases also must be evi­
dent with finely divided solid particles used as emulsifying 
agents. If their affinity, as evidenced by the degree to which 
they are wetted, is either predominantly hydrophilic or hy­
drophobic, they will not function as effective wetting agents. 

The great majority of the work on the relation between 
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Table XIX-Approximate HLB ValuH for a Number of 
Emulslfylng Agents 

Generic Of Chemical name 

Sorbitan trioleate 
Sorbitan tristearate 
Propylene glycol monostearate 
Sorbitan sesquioleate 
Glycerol monostearate {non self-emulsifying) 
Sorbitan monooleate 
Propylene glycol monolau,ate 
Sorbitan monostearate 
Glyceryl monostearate (self-emulsifying) 
Sorbitan monopalmitate 
Sorbitan monolau,ate 
Polyoxyethylene-4-lauryl ether 
Polyethylene glycol 400 monostearate 
Polyoxyethylene-4-sorbitan monolaurate 
Polyoxyethylene-20-sorbitan monooleate 
Polyo1tyetbylene-20-sorbitan monopalmitate 
Polyoxyethylene-20-sorbitan monolaurate 
Polyoxyethylene-40-stearnte 
Sodium oleate 
Sodium lauryl sulfate 

HLB 

1.8 
2.1 
3.4 
3.7 
3.8 
4.3 
4.5 
4.7 
5.5 
6.7 
8 .6 
9.5 

Jl.6 
13.3 
15.0 
15.6 
16.7 
16.9 
18.0 
40.0 

emulsifie r and emulsion type has been concerned with sur­
face-active agents that form interfacial monolayers. The 
present discussion, therefore, will concentrate on this class 
of agents. 

Hydrophile-Lipophile Balance- As the emulsifier be­
comes more hydrophilic, its solubility in water increases and 
the formation of an O/W emuls ion is favored. Conversely, 
W/O emulsions are favored with the more lipophilic emulsi­
fiers. T his led to the concept that the type of emulsion is 
related to the balance between hydrophilic and lipophilic 
solution tendencies of the surface-active emulsifying agent. 

Griffin59 developed a scale based on the balance between 
these two opposing tendencies. T his so-called HLB scale is 
a numerical scale, extending from 1 to approximately 50. 
T he more hydrophilic surfactants have high HLB numbers 
(in excess of 10), while surfactants with HLB numbers from 
1 to 10 are considered to be lipophilic. Surfactants with a 
proper balance in their hydrophilic and lipophilic affinities 
are effective emulsifying agents since they concentra te at 
t he oil/water interface. T he relat ionship between HLB val­
ues and the application of the surface-active agent is shown 
in Table XV. Some commonly used emulsifiers and their 
HLB numbers are listed in Table XIX. T he ut ility of the 
HLB system in rationalizing the choice of emulsifying agents 
when formulating an emulsion will be discussed in a later 
section. 

Rate of Coalescence and Emul.Aion T ype- Davies56 in­
dicated that the type of emulsion produced in systems pre­
pared by shaking is controlled by the relative coalescence 
rates of oil droplets dispersed in the oil. Thus, when a 
mixture of oil and water is shaken together with an emulsify­
ing agent, a multiple d ispersion is produced initially which 
contains oil dispersed in water and water dispersed in oil 
(Fig 19-36). The type of the final emulsion which results 
depends on whether the water or the oil droplets coalesce 
more rapidly. If the O/W coalescence rate (Rate 1) is much 
greater than W / 0 coalescence rate (Rate 2), a W /0 emulsion 
is formed since the dispersed water droplets a re more stable 
than the dispersed oil droplets. Conversely, if Rate 2 is 
significantly faster than Rate 1, the final emulsion is an O/W 
dispersion because the oil droplets are more stable. 

According to Davies, the rate at which oil globules coalesce 
when dispersed in water is given by the expression 

R t 1 - C -W,IRT a e - 1e (39) 

T he term C1 is a collision factor which is directly proportion­
al to the phase volume of the oil relative to the water, and is 
an inverse funct ion of the viscosity of the continuous phase 
(water) . W 1 defines an energy barrier made up of several 
contributing factors that must be overcome before coales­
cence can take p lace. First, it depends on the electrical 
potential of the dispersed oil droplets, since this affects 
repulsion. Second , with an O/W emulsion, the hydrated 
layer surrounding the polar portion of emulsifying agent 
must be broken down before coalescence can occur. This 
hydrated layer is probably around 10 A thick with a consis­
tency of butter. Finally, the total energy barrier depends on 
the fraction of the interface covered by the emulsifying 
agent. 

Equation 40 describes the rate of coalescence of water 
globules dispersed in oil, namely 

(40) 

Here, the collision factor C2 is a function of the water/oil 
phase volume ratio divided by the viscosity of the oil phase. 
The energy barrier W2 is, as before, rela ted to the fraction of 
the interface covered by the surface-active agent. Another 
contributing factor is the number of -CH2- groups in the 
emulsifying agent; the longer the alkyl chain of the emulsifi­
er, the greater the gap that has to be bridged if one water 
droplet is to combine with a second drop. 

Davies56 showed that the HLB concept is related to the 
distr ibution characteristics of the emulsifying agent be­
tween the two immiscible phases. An emuls ifier with an 
HLB of less than 7 will be preferentially soluble in the oil 
phase and will favor formation of a W /0 emulsion. Surfac­
tants with an HLB value in excess of 7 will be distributed in 
favor of the aqueous phase and will promote O/W emulsions. 

Preparation°' Emulsions 

Several fact-0rs must be taken into account in the success­
ful preparation and formulation of emulsified products. 
Usually, the type of emulsion (ie, O/W or W /0) is specified; 
if not, it probably will be implied from the anticipated use of 
the product. The formulator's attention is focused primari­
ly on the selection of the emulsifying agent, or agents, neces­
sary to achieve a satisfactory product. No incompatibilit ies 
should occur between the various emulsifiers and the several 
components commonly present in pharmaceutical emul­
sions. Finally, the product should be prepared in such a way 
as not to prej udice the formulation. 

Selection of Emulsifying Agents 

T he selection of the emulsifying agent, or agents, is of 
prime importance in the successful formulation of an emul­
sion. In addition to its emulsifying properties, the pharma­
cist must ensure that the material chosen is nontoxic and 
that the taste, odor, and chemical stability are compatible 
with the product . Thus, an emulsifying agent which is en­
t irely suitable for inclusion in a skin cream may be unaccept· 
able in the formulation of an oral preparation due to its 
potential toxicity. This consideration is most important 
when formulating intravenous emulsions. 

The HLB System-With the increasing number of avail­
able emulsifiers, par t icularly the nonionics, the selection of 
emulsifiers for a product was essentially a t r ial-and-error 
procedure. Fortunately, the work of Griffin59,60 provided a 
logical means of selecting emulsifying agents. Griffin's 
method, based on the balance between the hydrophilic and 
lipophilic por tions of the emulsifying agent, is now widely 
used and has come to be known as the HLB system . It is 
used mos t in the rational selection of combinations of non· 
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T ble xx-Relationship between HLB Range and 

a Surfactant Application 

HLBrange 

0-3 
4--6 
7-9 
8- 18 

13- 15 
10--18 

Use 

Antifoaming agents 
W /0 emulsifying agents 
Wetting agents 
0/W emulsifying agents 
Detergents 
Solubilizing agents 

Table xx1-Requlred HLB Values for Some Common 
Emulsion Ingredients 

Substance 

Acid, s tearic 
Alcohol. cetyl 
Lanolin , anhydrous 
Oil, cottonseed 

mineral oil, light 
mineral oil, heavy 

Wax, beeswax 
microcrystalline 
paraffin 

W/0 

8 

4 
4 
5 

0 / W 

17 
13 
15 
7.5 

10--12 
10.5 
10-16 
9.5 
9 

ionic emulsifiers, and we shall limit our discussion accord-
ingly. . . . . 

As shown in Table XX , tf an O/ W emulsion 1s required , 
the formulator should use emulsifiers with an HLB in the 
range of 8-18. Emulsifiers with HLB values in the range of 
4-6 are given consideration when a W /0 emulsion is desired. 
Some typical examples are given in Table XIX. 

Another factor is the presence or absence of any polarity in 
the material being emulsified, since this will affect the polar­
ity required in the emulsifier. Again, as a result of extensive 
experimentation, Griffin evolved a series of·'required HLB" 
values; ie, the HLB value required by a particular material if 
it is to be emulsified effectively. Some values for oils and 
related materials are contained in Table XXI. Naturally, 
the required HLB value differs depending on whether the 
final emulsion is O/W or W /0. 

Fundamental to the utility of the HLB concept is the fact 
that the HLB values are algebraically additive. Thus, by 
using a low HLB surfactan t with one having a high HLB it is 
possible to prepare blends having HLB values intermediate 
between those of the two individual emulsifiers. Naturally, 
one should not use emulsifiers that are incompatible. The 
following formula should serve as an example. 

O/W Emulsion 

Liquid petrolatum (Required HLB 10.51 50 g 
Emuls1£ying agents . . . . . . . . . . . . . . . . . . . 5 g 

Sorbitan monooleate IHLB 4.31 
Polyoxyethylene 20 sorbitan monoleate (HLB 15.0) 

Water.q~ .... .. . . . . .. . . . .. ..... . .... .. !OOg 

By s!mple algebra it can be shown that 4.5 parts by weight of 
sorh1tan monooleate blended with 6.2 parts by weight of 
~lyoxyethylene 20 sorbitan monooleate will result in a 
~txed emulsifying agent having the required HLB of 10.5. 
Smee the formula calls for 5 g, the required weights are 2.1 g 
~nd_2.9 g, respectively. The oil-soluble sorbitan monooleate 
18 dissolved in the oil and heated to 75°; the water-soluble 
POlyoxyethylene 20 sorbitan monooleate is added to the 
aqueous phase which is heated to 70°. At this point the oil 
Phas~ is rnixed with the aqueous phase and t he whole stirred 
continuously until cool. 

The formulator is not restricted to these two agents to 
Produce a blend with an HLB of 10.5. Table XXII shows 
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Table XXII-Nonlonlc &tends having HLB Values of 10.5 

Required amounts 
Surlac1an1 (%)to give 

blend HLS HLB = 10 S 

Sorbitan tristearate 2.1 34.4 
Polyoxethylene 20 sorbitan 14.9 65.6 

monostearate 
Sorbitan monopalmitate 6.7 57.3 
Polyoxyethylene 20 sorbitan 15.6 42.7 

monopalmitate 
Sorbitan sesquioleate 3.7 48.5 
Polyoxyethylene lauryl ether 16.9 51.5 

the various proportions required, using other pairs of emul­
sifying agents, to form a blend of HLB 10.5. When carrying 
out preliminary investigations with a particular material to 
be emulsified, it is advisable to try several pairs of emulsify­
ing agents. Based on an evaluation of the emulsions pro­
duced, it becomes possible to choose the best combination. 

Occasionally, the required HLB of the oil may not be 
known, in which case it becomes necessary to determine this 
parameter. Various blends are prepared to give a wide 
range of HLB mixtures and emulsions are prepared in a 
standardized manner. The HLB of the blend used to emul­
sify the best product, selected on the basis of physical stabil­
ity, is taken to be the required HLB of the oil. T he experi­
ment should be repeated using another combination of 
emulsifiers to confirm the value of the required HLB of the 
oil to within, say, ±1 HLB unit. 

There are methods for finding the HLB value of a new 
surface-active agent. Griffin60 developed simple equations 
which can be used to obtain an estimate with certain com• 
pounds. It has been shown that the ability of a compound to 
spread at a surface is related to its HLB. In another ap­
proach a linear relation between HLB and the logarithm of 
the dielectric constant for a number of nonionic surfactants 
has been observed. An interesting approach has been devel­
oped by Davies56 and is related to his studies on the relative 
rates of coalescence of O/W and W /0 emulsions (page 304). 
According to Davies, hydrophilic groups on the surfactant 
molecule make a positive contribution to the HLB number, 
whereas lipophilic groups exert a negative effect. Davies 
calculated these contributions and termed them HLB Group 
Numbers (Table XXIII). Provided the molecular structure 
of the surfactant is known, one simply adds the various 
group numbers in accordance with the following formula: 

Table XXIII-HLB Group Numbers6 1 

Hydrophilic groups 
- so~-Na+ 
- coo-K+ 
- COO- Na• 
N (tertiary amine) 
Ester (sorbitan ring) 
Ester (free) 
- COOH 
Hydroxyl (free) 
-0-
Hydrox.yl (sorbitan ring) 

Lipophilic groups 
- CH-
--CH1-

CH.1-
=CH-

Derived groups 
- <CH~-CH1-0l-
- (CH2- CH1- CH2- 0)-

Group number 

38.7 
2L.l 
19.l 
9.4 
6.8 
2.-l 
2.l 
1.9 
l.3 
0.5 

-0.475 

+0.33 
- 0.15 
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HLB = l:(hydrophilic group numbers) -
m(group number/-CH2- group) + 7 

where m is the number of -CH2- groups present in the 
~urfactant. Poor agreement is found between the HLB val­
ues calculated by the use of group numbers and the HLB 
values obtained using the simple equations developed by 
Griffin. However, the student should realise that the abso­
lute HLB values per se are of limited significance. The 
utility of the HLB approach (using values calculated by 
either Griffin's or Davies' equations) is to (i) provide the 
formulator with an idea of the relative balance of hydrophi­
licity and lipophilicity in a particular surfactant, and (ii) 
relate that surfactant's emulsifying and solubilizing proper· 
t ies to other surfactants. The formulator still needs to con­
firm experimentally that a particular formulation will pro­
duce a stable emulsion. 

Later, Davies and Rideal61 attempted to relate HLB to the 
C.,a1,,/C

0
,1 partition coefficient and found good agreement 

for a series of sorbitan surfactants. Schott62 showed, howev­
er, that the method does not. apply to polyoxyethylated oc­
tylphenol surfactants. Schott concluded that "so far, the 
search for a universal correlation between HLB and another 
property of the surfactant which could be determined more 
readily than HLB has not been successful." 

The HLB system gives no information as to the amount of 
emulsifier required. Having once determined the correct 
blend, the formulator must prepare another series of emul­
sions, all at the same HLB, but containing increasing con­
centrations of the emulsifier blend. Usually, the minimum 
concentration giving the desired degree of physical stability 
is chosen. 

Mixed Emulsifying Agents-Emulsifying agents are 
frequently used in combination since a better emulsion usu­
ally is obtained. This enhancement may be due to several 
reasons, one or more of which may be operative in any one 
system. Thus, .he use of a blend or mixture of emulsifiers 
may (1) produce the required hydrophile-lipophile balance 
in the emulsifier, (2) enhance the stability and cohesiveness 
of the interfacial film, and (3) affect the consistency and feel 
of the product. 

The first point has been considered in detail in the previ• 
ous discussion of the HLB system. 

With regard to the second point, Schulman and Cockbain 
in 1940 showed that combinations of certain amphiphiles 
formed stable films at the air/water interface. It was postu­
lated that the complex formed by these two materials (one, 
oil-soluble; the other, water-soluble) at the air/water inter­
face was also present at the O/W interface. This interfacial 
complex was held to be responsible for the improved stabil­
ity. For example, sodium cetyl sulfate, a moderately good 
O/W emulsifier, and elaidyl alcohol or cholesterol, both sta­
bilizers for W /0 emulsions, show evidence of an interaction 
at the air/water interface. Furthermore, an O/W emulsion 
prepared with sodium cetyl sulfate and elaidyl alcohol is 
much more stable than an emulsion prepared with sodium 
cetyl sulfate alone. 

Elaidyl alcohol is the trans isomer. When oleyl alcohol, 
the cis isomer, is used with sodium cetyl sulfate, there is no 
evidence of complex formation at the air/water interface. 
Significantly, this combination does not produce a stable 
O/W emulsion either. Such a finding strongly suggests that 
a high degree of molecular alignment is necessary at the O/W 
interface to form a stable emulsion. 

Finally, some materials are added primarily to increase 
the consistency of the emulsion. This may be done to in• 
crease stability or improve emolliency and feel. Examples 
include cetyl alcohol, stearic acid and beeswax. 

When using combinations of emulsifiers, care must be 
taken to ensure their compatibility, as charged emulsifying 

agents of opposite s ign are likely to interact and coagulate 
when mixed. 

Small-Scale Preparation 

Mortar and Pestle- This approach invariably is used 
only for those emulsions that are stabilized by the presence 
of a multimolecular film (eg, acacia, tragacanth, agar, chon­
drus) at the interface. There are two basic methods for 
preparing emulsions with the mortar and pestle. These are 
the Wet Gum (or so-called English) Method and the Dry 
Gum (or so-called Continental) Method. 

The Wet Gum Method- In this method the emulsifying 
agent is placed in the mortar and dispersed in water to form 
a mucilage. The oil is added in small amounts with continu­
ous trituration, each portion of the oil being emulsified be­
fore adding the next increment. Acacia is the most fre­
quently used emulsifying agent when preparing emulsions 
with the mortar and pestle. When emulsifying a fixed oil, 
the optimum ratio of oil: water: acacia to prepare the initial 
emulsion is 4: 2: 1. Thus, the preparation of 60 mL of a 40% 
cod Liver oil emulsion requires the following: 

Cod liver oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 24 g 
Acacia . . . . . . . . . . . . . . . . • . . . . . 6 g 
Water, qs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 60 mL 

The acacia mucilage is formed by adding 12 mL of water to 
the 6 g of acacia in t he mortar and triturating. The 24 g of 
oil is added in increments of 1-2 g and dispersed. The 
product at this stage is known as the primary emulsion, or 
nucleus. The primary emulsion should be triturated for at 
least 5 min, after which sufficient water is added to produce 
a final volume of 60 mL. 

The Dry Gum Method- In this method, preferred by 
most pharmacists, the gum is added to the oil, rather than 
the water as with the wet gum method. Again, the approach 
is to prepare a primary emulsion from which the final prod­
uct can be obtained by dilution with the continuous phase. 
[f the emulsifier is acacia and a fixed oil is to be emulsified, 
the ratio of oil : water: gum is again 4 : 2: l. 

Provided dispersion of the acacia in the oil is adequate, the 
dry gum method can almost be guaranteed to produce an 
acceptable emulsion. Because there is no incremental addi­
t ion of one of the components, the preparation of an emul­
sion by this method is rapid. 

With both methods the oil: water: gum ratio may vary, 
depending on the type of oil to be emulsified and the emulsi­
fying agent used. The usual ratios for t ragaca.nth and acacia 
are shown in Table XXIV. 

The preparation of emulsions by both the wet and dry 
gum methods can be carried out in a bottle rather than a 
mortar and pestle. 

Other Methods-An increasing number of emulsions are 
being formulated with synthetic emulsifying agents, espe· 
cially of the nonionic type. The components in such a for· 

Table XXIV-Usual Ratios of Otl, Water and Gum Used to 
Produce Emulsions 

System Acacia Tregacanlh 

Fixed oils (excluding liquid petrolatum 
and • 40 

linseed oil) 
Water 2 20 
Gum l l 

Volatile oils, plus Liquid petrolatum and 2-3 20-30 
linseed oil 

Water 2 20 
Gum l I 

i 

I 
i 
\ 

i 

j 
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mulation are separated into those that are oil-soluble and 
those that are water-soluble. These are dissolved in their 
respective solvents by heating to about yo to 75°. When 
solution is compl~te, the two_ phases are m1_xed and _the prod­
uct is s tirred until cool. This method, which requires noth­
ing more than two beakers, a thermometer and a source of 
heat. is necessarily used in th~ prep~ation _of emulsi?ns 
containing waxes and other h1gh-meltmg-pomt materials 
that must be melted before they can be dispersed in t he 
emulsion. The relatively simple methodology involved in 
the use of synthetic surfactant-type emulsifiers is one factor 
which has led to their widespread use in emulsion prepara­
tion. This, in turn, has led to a decline in the use of the 
natural emulsifying agents. 

With hand homogenizers an initial rough emulsion is 
formed by trituration in a mortar or shaking in a bottle. 
The rough emulsion is then passed several times through the 
homogenizer. A reduction in particle size is achieved as the 
material is forced through a narrow aperture under pressure. 
A satisfactory product invariably results from the use of a 
hand homogenizer and overcomes any deficiencies in tech­
nique. Should the homogenizer fail to prod uce an adequate 
product, the formulation, rather than the technique, should 
be suspected. 

For a d iscussion of the techniques and equipment used in 
the large-scale manufacture of emulsions, see Chapter 83. 

Stability of Emulsions 

There are several criteria which must be met in a well­
formulated emulsion. Probably the most important and 
most readily apparent requiremen t is that the emulsion pos­
ses~ adequate physical stability; without this, any emulsion 
soon will revert back to two separate bulk phases. In addi­
tion, if the emulsified product is to have some antimicrobial 
activity (eg, a medicated lotion), care must be taken to en­
sure that the formulation possesses the required degree of 
activity. Frequently, a compound exhibits a lower antimi­
crobial activity in an emulsion than, say, in a solution. Gen­
erally, this is because of partitioning effects between the oil 
and water phases, which cause a lowering of the "effective" 
concentration of the active agent. Partitioning has also to 
be taken into account when considering preservatives to 
prevent microbiological spoilage of emulsions. Finally, the 
chemical stability of the various components of the emulsion 
should receive some attention, since such materials may be 
more prone to degradation in the emulsified state than when 
they exist as a bulk phase. 

In the present d iscussion, detailed consideration will be 
limited to the question of physical stabili ty. Reviews of this 
topic have been published by Garrett6.1 and Kitchener and 
Mussellwhite.64 For information on the effect that emulsifi ­
~tion can have on t he biologic activity and chemical stabil­
ity of materials in emulsions, see Wedderburn 65 Burt66 and 
Swarbrick,67 ' 
E The theor(es of emulsion stability have been discussed by 
b cclesto_n68 

in an attempt to understand the situation in 
te0th a simple O/W emulsion and complex commercial sys-

tns. 

b
.
1
'!'he three major phenomena associated with physical sta­

t tty are 

t.o ~he T he ~pward or downward movement of dispersed droplets relative 
ly continuuus phase. termed creammg or sedimentation, respect1ve-

te!· 1 T~e aggregation and possib le coalescence of the dispersed drop-
3 ° re orm the separate. bulk phases. 

ernuls nversion. m which an O/W emulsion inverts to become a W /0 
ton. and 1•1ce versa. 

llt;rea1:11ing and Sedimentation-Creaming is the upward 
vement of dispersed droplets relative to the continuous 

DISPERSE SYSTEMS 307 

phase, while sedimentation, the reverse process, is the down -
ward movement of particles. In any emulsion one process or 
t he other takes place, depending on the densities of the 
d isperse and continuous phases. This is undesirable in a 
pharmaceutical product where homogeneity is essential for 
the administration of the correct and uniform dose. Fur­
thermore, creaming, or sedimentation, brings the particles 
closer together and may facilitate the more serious problem 
of coalescence. 

The rate at which a spherical droplet or particle sediments 
in a liquid is governed by Stokes' law (Eq 35}. While other 
equations have been developed for bulk systems, Stokes' 
equation is s till useful since it points out the factors that 
influence the rate of sedimentation or creaming. These are 
the diameter of the suspended droplets, the viscosity of the 
suspending medium, and the d ifference in densities between 
the dispersed phase and the dispersion medium. 

Usually, only the use of the first two factors is feasible in 
affecting creaming or sedimentation. Reduction of particle 
size contributes greatly toward overcoming or minimizing 
creaming, since the rate of movement is a square-root func ­
tion of the particle diameter. There are, however, technical 
d ifficulties in reducing the diameter of droplets to below 
about0.l µm. The most frequently used approach is to raise 
the viscosity of the continuous phase, although this can be 
do:ne only to the extent that the emulsion still can be re­
moved readily from its container and spread or administered 
conveniently. 

Aggregation and Coalescence- Even though creaming 
and sed imentation are undesirable, they do not necessarily 
result in the breakdown of the emulsion, since the dispersed 
droplets retain their individuality. Furthermore, the drop­
lets can be redispersed with mild agitation. More serious to 
the stability of an emulsion are the processes of aggregation 
and coalescence. In aggregation (flocculation) the dis­
persed droplets come together but do not fuse. Coalescence, 
the complete fusion of droplets, leads to a decrease in the 
number of droplets and t.he ultimate separation of the two 
immiscible phases. Aggregation precedes coalescence in 
emulsions; however, coalescence does not necessarily follow 
from aggregation. Aggregation is, to some extent, revers­
ible. While not as serious as coalescence, it will accelerate 
creaming or sedimentation, since the aggregate behaves as a 
single drop. 

While aggregation is related to the electrical potential on 
the droplets, coalescence depends on t he structural proper­
ties of the interfacial film. In an emulsion stabilized with 
surfactant-type emulsifiers forming monomolecular films, 
coalescence is opposed by the elasticity and cohesiveness of 
the films sandwiched between the two droplets. In spite of 
the fact that two droplets may be touching, they will not fuse 
until the interposed films thin out and eventually rupture. 
Multilayer and solid-particle films confer on the emulsion a 
high degree of resistance to coalescence, due to their me­
chanical strength. 

Particle-size analysis can reveal the tendency of an emul­
sion to aggregate and coalesce long before any visible signs of 
instability are apparent. The methods available have been 
reviewed by Groves and Freshwater.69 

Inversion-An emulsion is said to invert when it changes 
from an O/W to a W /0 emulsion, or vice versa. Inversion 
somet imes can be brought about by the addition of an elec­
trolyte or by changing the phase-volume ratio. For exam­
ple, an O/ W emulsion having sodium stearate as the emulsi­
fier can be inverted by the addition of calcium chloride. 
because the calcium stearate formed is a lipophilic emulsifi­
er and favors the formation of a W /0 product. 

Inversion often can be seen when an emulsion, prepared 
by heating and mixing the two phases, is being cooled. This 
takes place presumably because of the temperature-depen-
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dent changes in the solubilities of the emulsifying agents. 
The phase inversion temperature, or PIT, of nonionic sur­
factants has been shown by Shinoda, et af0 to be influenced 
by the HLB number of the surfactant. The higher the P IT 
value, the greater the resistance to inversion. 

Apart from work on PIT values, little quantitative work 

has been carried out on the process of inversion; neverthe­
less, it would appear that the effect can be minimized by 
using the proper emulsifying agent in an adequate concen­
tration. Wherever possible, the volume of the dispersed 
phase should not exceed 50% of the total volume of the 
emulsion. 

Bloavailabillty from Coarse Dispersions 

In recent years, considerable interest has focused on the 
abili ty of a dosage form to release drug following administra­
tion to the patient. Both the rate and extent of release are 
important. Ideally, the extent of release should approach 
100%, while the rate of release should reflect the desired 
properties of the dosage form. For example, with products 
designed to have a rapid onset of activity, the release of drug 
should be immediate. With a long-acting product, the re­
lease should take place over several hours, or days, depend­
ing on the type of product used. The rate and extent of drug 
release should be reproducible from batch to batch of the 
product, and should not change during shelf life. 

T he principles on which biopharmaceutics is based are 
dealt with in some detail in Chapters 35 to 37. While most 
published work in this area has been concerned with the 
bioavailability of solid dosage forms administered by the 
oral route, the rate and extent of release from both suspen­
sions and emulsions is important and so will be considered in 
some detail. 

Bioavailability from Suspensions-Suspensions of a 
drug may be expected to demonstrate improved bioavail­
ability compared to the same drug formulated as a tablet or 
capsule. This is because the suspension already contains 
discrete drug particles, whereas tablet dosage forms must 
invariably undergo disintegration in order to maximize the 
necessary dissolution process. Frequently, antacid suspen­
sions are perceived as being more rapid in action and there­
fore more effective than an equivalent dose in the form of 
tablets. Bates, et al71 observed t hat a suspension ofsalicyla­
mide was more rapidly bioavailable, at least during the first 
hour following administration, than two different tablet 
forms of the drug; these workers were also able to demon­
strate a correlation between the initial in vitro dissolution 
rates for the several dosage forms studied and the initial 
rates of in vivo absorption. A similar argument can be 
developed for hard gelatin capsules, where the shell must 
rupture or dissolve before drug particles are released and can 
begin the dissolution process. Such was observed by Antal, 
et a£12 in a study of the bioavailability of several doxycycline 
products, including a suspension and hard gelatin capsules. 
Sansom, et a(3 found mean plasma phenytoin levels higher 
after the administration of a suspension than when an equiv­
alent dose was given as either tablets or capsules. It was 
suggested that this might have been due to the suspension 
having a smaller particle size. 

In common with other products in which the drug is 
present in the form of solid particles, the rate of dissolution 
and thus potentially the bioavailability of the drug in a 
suspension can be affected by such factors as particle size 
and shape, surface characteristics, and polymorphism. 
Strum, et a F• conducted a comparative bioavailability 
study involving two commercial brands of sulfamethiazole 
suspension (Product A and Product B). Following adminis­
tration of the products to 12 normal subjects and taking 
blood samples at predetermined times over a period of 10 hr, 
the workers found no statistically significant difference in 
the extent of drug absorption from the two suspensions. 
The absorption rate, however, differed, and from in vitro 
studies it was concluded that product A dissolved faster than 
product B and that the former contained more particles of 

smaller size than the latter, differences that may be respon­
sible for the more rapid dissolution of particles in product A. 
Product A also provided higher serum levels in in vivo tests 
half an hour after administration. T he results showed that 
the rate of absorption of sulfamethiazole from a suspension 
depended on the ra te of d issolution of the suspended parti­
cles, which in turn was related to particle size. Previous 
studies75,76 have shown the need to determine the dissolu­
tion rate of suspensions in order to gain information as to the 
bioavailability of drugs from this type of dosage form. 

The viscosity of the vehicle used to suspend the particles 
has been found to have an effect on the rate of absorption of 
ni trofurantoin but not the total bioavailability. Thus Soci 
and Parrott were able to maintain a clinically acceptable 
urinary nitrofurantoin concentration for an additional two 
hours by increasing the viscosity of the vehicle.n 

Bioavailability Crom Emulsions- There are indications 
that improved bioavailability may result when a poorly ab­
sorbed drug is formulated as an orally administered emul­
sion. However, little study appears to have been made in 
direct comparison of emulsions and other dosage forms such 
as suspensions, tablets, and capsules; thus it is not possible 
to draw unequivocal conclusions as to advantages of emul­
sions. If a drug with low aqueous solubility can be formulat­
ed so as to be in solution in the oil phase of an emulsion, its 
bioavailability may be enhanced. It must be recognized, 
however, t hat the drug in such a system has several barriers 
to pass before it arrives at the mucosa! surface of the gastro­
intestinal tract. For example, with an oil-in-water emul­
sion, the drug must diffuse through the oil globule and then 
pass across the oil/water interface. This may be a difficult 
process, depending on the characteristics of the interfacial 
film formed by the emulsifying agent. In spite of this poten­
tial drawback, Wagner, et al78 found that indoxole, a nonste­
roidal anti-inflammatory agent, was significantly more bioa­
vailable in an oil-in-water emulsion than in either a suspen­
sion or a hard gelatin capsule. Bates and $equeira79 found 
significant increases in maximum plasma levels and total 
bioavailability of micronized griseofulvin when formulated 
in a corn oil/water emulsion. In this case, however, the 
enhanced effect was not due to emulsification of the drug in 
the oil phase per se but more probably because of the linoleic 
and oleic acids present having a specifical effect on gastroin­
testinal motility. 
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'J'he chornctcriwUon and <}\111ntital.ion of U1c wi rious oom•· 
ponents of blood, urine nnd other body fluids nrc t-hci prima-
1·y functfons of lhe clinic11J luboratory. The mnjor divisions 
of clinicnl 1.1n11lyRiR are clinicul biochomi!llry, lrnmuiology, 
blood-b1mk t,cchnolo(IY, histo1>11thology, immunology and 
mictobiolo11y. Till• 11ccurnto diagnosis of dise,1$0 and d0tcr• 
minntion of n potontinl thernpeutit: regimen frequently are 
bns1:d on Ulc lnbc>mtory annlysis of blood, urine, fecos, gns-
1.ric 1nicretio118 or curebr(ii;pinul fluid. Modem modknl 1>1·uc­
t.ice ia tondinl{ l~>wnrd grouter reliuncc c,n l11bor11lory results 
ns definitive mco11ures of p11thologic11I OI' normal i.totci.. 

'fhe phnrmocist should fnmiliori:r.e himself with lhc baijic 
principles involved in 1111mplc collect;ion, ullftlysis and di11g-
11ostic significunco of the various c:linic11l por11metera. His 
rnle in (:ommunity health necessita te:; his com1>rehension of 
lhc methodology and di11gnostic value of clinical lnbor11tm-y 
procedures. 'l'bc influence of' various drugs and drug intllr­
actions on these 1>1u·t11neter~ musl bo con5iderod in bot.h t.he 
clinical and drng-nbuse sit.untion. 

Hematology 

'l'he delorminotion of the morph<>lo11knl, phyfliologicnl 
nnd biochcmicul propc1·lies of peripheral blood und t.lH: 
hlood•fo1·mi11g orlli.ns (hematopoietic iiy~tem) is a fund.ion 
of t,he hcmntology laborut.ory. The functional cnlegorics of 
hem11l0logy nre (1) annlysis of <:olh1l111· clement.~, nncl specific 
biochemicol ond phyaiologic11I 1>arnme1.m·s of 1>ol'i1>hernl 
blood und the hemu~)poiotic system, (2) blood-co11gulaLion 
n1111lyr;i1; und (3) bloo<l-bnnk technology. 

Periphcrnl blood ia n biph11sic liquid tissue syatom of cellu• 
Jar elcmentll ti Ullpenclcd in a liquid pl11smn ()hose. T ho ccllu­
lnr pht1~e compri11os nbout. 45% of t,ho blood volume and 
contains eryUitocytes (red blood (:oils, HBC), leukocytes 
(white blood cella, WBC) nncl thrombocytcll (1>lntelcl.s}. 
'J'he plnr;ma phofl<! is primarily wuter (90 to 92%) and prot.cin 
(7%}. 

'l'hc hemntologka l 01rnlysir,; of blood i11 concerned pi-in1111·i· 
ly with e1111mcrntion nnd diffcr,mtintion of t.l1c vn.-iOUij collu­
lor element.~. An nnolysi11 of the hcmntopoictic i;y~t.cm (cg, 
bone marrow and lymphoid Li1;suc) dotorminc11 tho ~tntus of 
blood-cell prccursorn in these ti~soc6. DetenninaUons of 
spocific bio~homicnl (hemoglobin) ond phylliol()gicnl (blood 
or plasm/I volume) parometo1-s nro ()cl'formed inn complete 
ovnlual.ion of Lho erythron iiystem (blood nnd m1u-row RBC 
ond their l)r0t:ursorR}. Tho norm11l hem11L<>lo,::icRI values in 
the adult nrc presented in 'l'nblc I. 

The, n111hun Rcknowlcdr,o I.he ns.•i•IOlle<l of J>r ,losc11h P llsral\'11!1~ of 
Horfr Crnttp l.td, in tho 1>ropurn1.iun f>f t.hc, Mia11hfo"111.1• ~o,llon nnd Dr 
All\'cd H Jlru<• c,f the Am<,s Co for tho llri,wl~·sfr ~ect.iml. 

Erythrocytes nnd Hcmogl11bi11·-·-'l'hc cl'ythrocyl.i(~ sy11• 
tem is compoi;ccl or I.ho mature crythmi:ytea in pcriphc1·al 
blood and their 1>rocurHol'f! in bone mnrrow. The precurs<>rs 
or erythrocyte~. fl.A found in the <!rythrn1>oiolic 11yst.em (red 
bone marrow), ore chitisifiod us Lo the degrne of nudeution 
oncl chnrncteriaf.i c11 of cytoplasmic <:onfJtilmmLK. 'f'he so­
quenco of llryt,hrocyu, formation in bone lllllfl'OW- based on 
the gr11d11nl dcnucleaticm of the cell, uenemtion of tlw r.lirc1-

m11lin strutturc nnd chung<l~ in nudcolnr st.rucl,urc nnd cy1.<1-
pl11~mic C(lllstitucntl!-"is I\B follows: 

pronormohlu~I ··• hu•uphilic: nurmobln•~ .... polydaomut.ic 1111rmo• 
hJng( . .. , orthod1romn~ic normuhl11Ht .. , pnfyc,hn:,matophilic oryU1 rocytr, 
.. . i,rylhrocyte. 

'l'hc first fom types nrc nucleated 11nd normally ore accn 
only in bone morrnw, In normal erythrocyte formoti<>n 
these imnrn\.ure bonc-mnrrow collM ore dei;igno.tod ,1s 11(>1'· 
r1wbfostic or 1wrmocytic. In pcrnici(\06 anemia 11nd relnt.cd 
conditio1111 they ben)lnr, abnornmlly lnrgt~ and nre design11l<id 
megato/,lastic or mef!u/ocytic. In irnn-dcficiency oncmiH, 
Uw11c cclln become abnormally smull ond 11ni dcsignnt.ed 
microb/astic or micro,:ytit·•-<>f t.lm il'o11-defir.iency lypc. 

Table I- Normal Hematological Vnlues In Man1 

RrytJ1roeyl(!ij ((:U llllll X 10°) 
Mnlc 
l•'omolc 

Holiclllocylt\$ (cu mm X JO") 
l·lmMglobin (r,%) 

Molo 
Ji'cnrnl<! 

lfom11t0<:ri1. (%) 
Mnlo 
Fcm11lo 

Menn cor1>uscul11r volume 11,m") 
Munn corp11Hct1l11r ho1t101:lobl11 (pg) 
Menn ~'(1q>l1Hcul11r hcmoi_:lohin con-

,,011(,mLiOII (%) 
Menn C(1r1>11~culnr diom<ttc,r (1,m) 
LcukocyL& (cu mm X JO") 
Loukor.yt.e tlifforontfol (%) 

Nc11t.rophil~ 
li~sinophil:i 
Bu~ur,hils 
l,ymphocyl(,s 
M (lllO,~yf.(IN 

Plntclcl.~ (,:\ I mm x lQf•) 
r.:rlhrucyto ijt•tlinwnu,licrn rote {Wint.robe), 

{mm/hr) 
Mnle 
l~mnnle 

Normul 
V81Uo 

fi.4 
4.6 

{,O 

1(.\.0 
14.0 

47.0 
42.0 
87 
'2!) 

34 
'l.:l 
7.0 

6:J 
I 
I 

:\0 
lj 

3,0 

4 
10 

Normol 
llD.ngu of 
Valuot 

4.(l .. 6.2 
u .. &.u 
1.0- 100 

14.0- 1a.o 
12.0- 1(\.0 

10.0 .. M,O 
:l7.0-47.0 

112 ... 92 
27--31 

3?.- ;!11 
6.7-7.7 
5.0 -·10.0 

G'/-67 
1- 3 
(1-1 

?.5, .. a~, 
:1 .. 7 

IA -·6.0 

O··!l 
0-20 

4116 
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490 CHJ\PTEn ?.8 

Nmmol blood conloins 0.5 Lo 1.5% of circuluting erythro­
cyl.Ofi us r(lticulocytcs. 1'hcao r.ollK contnin u fine net.work of 
bnsoµh ilic reticulum thnt. iR dcmonstrablo on stnining with u 
vii.Iii dye such M hrilliont crcsyl blue. The number of t,hcso 
cells in th11 blood is u meMUl'CI of t.l ffocLivc crylhropoioi;is. 
Hii;h oil'cul11tin1:-rot icul0<:yto v!lhH·\G ore 1111 inde,c of crytJ1ro-
1>1)ictic uctivity 11 11d nrc found in the first. fow d11.yi; of life, 
oft1:r hemorrhnso ond nftur trol\Lmcni of iron• oi- vitmnin 
lln -doficioncy oncmios. 

'rho normol eryt./uucyte (normocytc) i~ u flexible, clni;lic, 
biconMve, 1mucleated stnwf.ura with n maun (linmct.cr of ?,a 
,,m nnd o thicl<netts Mllr 2.2 µIll, The chcmicol r.onRt.iLmmts 
of lll!: red blo(,d cc,ll indudD wuter (fia<>.i,), lipids (0,/>%), 1:lu­
cose (0 .. 8%), minm·11 IK (0. 7%), 11onhem,,glohin protein {0.0%}, 
meLhcmo1,rJobin (0.5%) aud hemoglobin (33.6%). The J>l'i­
mary function or the erythr<JC:yte. is t ransport of oxygen nnd 
l~111·))on dioxide. The red cell membrane, 11 dy1111mic, Aemi­
l)Ormonble com1><>n(m t. of tho coll, is ussoci1\l.cd IVith cno1'gy 
mcl.ul)Oli~m in U1e me1int:0Mnco of the permenbility ch11rnc­
wriatics of the coll t.o vnl'iou:i ~t,ion~ (Na+, !<,◄ ·) oncl anions 
(CJ- , HCO3- ) . 'l'hc st romu of insoluble mntcrial which re­
mains aftor rcd .. ccll disrupt.ion (homolysit1) coustiuit.es 2 to 
!i% (If the wet-.ce ll weir.ht.; l(. iR primarily prolein (40 to GO%) 
nnd lipid (10 to 1.2%). '!'he mom Imme include~ stl'Omotin (u 
fibrous or stntc(.urnl protein) nml mucopl)lyi;occhurides a11-
:;oci11ted wit.h A, B nnd O blood1;roup subst.nnccs. 'l'he lipid 
fractions includo phrmplmt.idcs (lccilhin, ctiphnlin), cholcl!­
t.m·c,J, cholo~tcrnl est.ers, neut.ml fnts, corebrosides and ~iolic: 
ndd r;lycoprotcins. 

grythrocyLes m11y 'be enumerated by eit.hor viHunl or elec­
tronic procedurci;. In tho vi1mal procedure$, n meosurnd 
quonLit.y of blood is di luted with o f111 id which is isot,oni(? 
with blood ond will prevent ii& C()!lgulation. The dilu ted 
blood ii; then ploced in a counting chumber (lwmo(!ytom11-
ter) , uncl the numbe1· of cells in u circtul\ac1·lbcd nren is 
onumm·at.ed rnic:rose<1picnlly, Hayem's aolution (sodium 
sulfot.c. 2.6 g; i;ocl ium chloride, 0.26 g; mercuric chloride, 0,2(i 
K; dh;tillcd wntr.r, 100 mL), •roib(lll'~ n11id (sodi1.1m s11lfut.c, 8 
g; ~odium chloride, 1 1!; JMt,hyl violet, 0.025 g; glycerin, 30 
ml..; distilled wntu1·, 180 ml,) OJ' 0.9% sodium chlol'iclc Ul't! 

used ua diluti n/~ 11uidfi. T he ovornll erl'Or of this method iij 
11bout8%. 

A gnmwr do,trr.<: of 11.<,curncy 1md re1>rodui.;ibiliLy cnn ho 
nchk:vecl hy erythrocyte enumr.r11tion in an c.ll!cLl'Onic co11nL­
i11g uppnrutus; cu, Coultcl' Counte!' or Ortho cell count.<lrs. 
'l'he Co1.dl(lr mot.hod (Fig 28-1) determines thC! n11mbo1· and 
,:;i:1.0 of port.ides .c.uHpendcd in un electric1llly conductive liq-

l~ KtOtfit, l 
Etocvodu 

Apol'1Uf i) 

-

U iluaiH 

1nvm,n1 
~toctrodo 

f' lg 28-1. Coultor-counll119 cells by electronlc Impedance 
(courtosy Coultor Eleclro,1lcs). 

uid, The blood C(IIIH Lrnverse ~, Kmnll apor ture nnd di11plnce 
their own v<>lumc in t.hc diluent nR t.o produce u <:b1.111ge in 
resi8l1rnco between the cloctr(ldes; the magniLude of Lhe volt.­
age pulse la proportionnl to cell volume, and U1e l'~&ult:ont 
pulsoR nrc th<:n amplified, scaled and nut.omoticnlly counted. 

In the Ortho EL'l'-8 teclmiq\le Wig 28-2), the principles of 
ln!!er f.k,w cytomC1Lr,v nro used to count.cells, Hydrodynamic 
focusing ond Jnmino1· flow a re combined in the ay8Lcm to 
count. n lnrr,e mun bat' of i11dividu11I cells. Light focused by a 
holium• llllOtl losor is scat.\.e.l'cd by the cells us they pass 
through tho flow chnnnol. The scoucrcd lighl is moniLored 
by a pholooloctric ilcnaor ond ti·onsfm,11 the oleclricnl pulsei; 
whic:h urn l)l'oe<1HSed by the Bystorns ci rcuitry. Jn 11ddit.ion to 
incren&ed i.;ounting ~peed, the overnll error of tho eloctronic 
proood111·08 i:1 reduced t.o about I%. 

The hem,11.ocril llulue ia nlso n mcnsuro of the erythrocyte 
portion or blood. A sample of blood containing an nnticoog­
ulunl iR plnc:ed in o (~rndunted hcmotocrit capillnr.Y tuba, 
centrifuged 11nd the volume ratio of pucked red eolli; to tot.al 
blood volume (hemntoa it value) dct.crmined, 'l'hCI ccmtri­
fuged !111111ple uppcnr:; 1111 a red layer of pocked orylhr0¢ytes 
over which i$ found on off-whi te lnyor of packed leukocytes 
ond plnt.<!1<,t.s, ond a 11uptmmtnnt. plnsmo phase. The hema­
locrit voluc ia an index ofb~)(.h the number 11ml size ofth (:) red 
Crllk 

He1tw1flobin., 11 conjugntcd hcmoprotcin with an Ol)l)l'Oxi-
1:Mt.o mulecultw weigh L of 67,000, con Lains basic proteins, the 
globin~ and forroproLoporphydn (heme). It ia 0Rs1mtinlly n 
t.etrnmor, cnnsisting of four 1>cptido choins, to lllu:h of which 
is bound n heme group. Homo, which constitutes obout 1% 
of tJ1t' weight oft.he-mol11culo, conRi111.H of a div11lanl. iron ntom 
in the center of 11 pyn-ole-porphyrin sLrucLure. Four dislincl 
polypept,ide chains (a, fj, 'Y, 6) c!ln be incorporat.cd into 
hemoglobin. Normnl odtill. hemoglobin i:1 HhA "' rt•lfr/'. 
Fetui hemoglobin contoins 2<x nnd 2-y chains and ii; designat­
ed HbJ~ "' n·2A-r:t. 

Difforonl'!es in thD ~truclural sequences of C11n il1r, ncids in 
t.hc Jl!!pLidc portion of ~he hemoglobin moloculefi nre con­
troll(:)d 1iont1Licnlly und ore re6ponsiblc for cliffonmt. t.ypes of 
hemo1~l1)bin. Based on the chnrn<:t.<:.wistic mobiliLy of Lho 
hcmoglobi1,, in nn olllct ric field (ulectrnphorol!il'!) on starch, 
pnpor, cr.llulose nceLatc, agar or scrylamide 1?el modin, many 
hemoglobin typas huvc been reeogni1,od (i;OO Chnpter 29). 
Only Lypw P, Jr nnd A1-A.1 Rl'e considered normal. Sickle­
cell 11nomi11 ttlld #•t.h11l£111aemin nro homolvtic 11ncmius illlsoci­
ot.cd with 111.mormel hemoglobins (le, ' l\'pe S in sickle-ctlll 
nncmin and nlmonnnl production of the (J ch!lin in fJ-thnl11&-

,Slgl\01 0U\11UI 

Somplo 

Fig 20-2. Ortho EL T-6-Mothod of scattorod ll9b1 delecuon OIICI hydrody­
namic foouslno for coll counting (e-011rtosy, Cffnlc£d lnstrumont Systems, 
Ocl 1000). 
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somi11). In h om<"·)'J(orn; Hl>S di.111Ja.~e 11iddiu1, oft.he red cull~ 
i,, ci1m t.o 1.h11 low :ml1.1bilif.y of t.lw nhnol'm.111 lwn11>1,ilohin in it.s 
,.;\th.w<;d st.at.I!, wit.h I.he, produd.ion of m,mkry,;tolli1w hodil,s 
(t.r.,,,t.oids), which clisl.ol'I. l\nd t,longl\l.e l.lw ,,dis. In tlw ,;idc­
ltHidl lsnil. (h,:l.{irn:1.ygous), 1,hc, blood i,m<:,ll' shows no ~iddc 
celk ln i.lw homoi.v14ous condition, Hb811ccm111t., for rn:111·, 

ly nil of tho hcnno11lobin wit.h sm«II ,mwunt.s o f fll,F. ln t.he 
hct.e1·0~-.Yfl0tll.i (!(mdit.ion, 11.bS constit.ut(!S ;i()% or lc,-s of (.}w 

h(\mol(lobin, wit.h Uw b(1lrmcc, 11,; HbA. 
' l'lw dut.cct.ion of fli<:kl1;-ccll d i~mn ~e i~ pm·l'ormc,d by micro­

scopit- (1))i;1;rvat.ion of t.lrn induct.ion of 1·ed .. r.ell sicklintt in 1.lw 
prc:-;ence 0f II rc,lucin1~ 1J{{1mt. mwh r1:i 1,odi11m met.1ihim1lfi t11 or 
b,v qu1m1.i1,.1t.iv<~ dd.m·minatfon of un,a .. dispt-rsiblo t.urhidit.y 
induced by dit,hivnit.<: fol.lowillt( reduct.ion of HhS \.o dc,oxy· 
HbS in RBC lym1tA1s. 'l'hll mi,~i·oscopic [)rO(;Cdm·e will do.11:oc:t 
only homozmotl.'l,, wlwrna:; Hbt\S and HbS and it:; :;t.rucl.ur• 
111 va!'iunl. l·I hC .. Hmfom hnt.h am d<i(.t,ct.lld in Llw ur<ia-dith­
ionit.c 1:edrniquc. Commen:i1.1I 11ut11it.nLive h:st ldl.~ 1.ll'<': avni l­
ahlu for d(:\.(:ct.iu.i~ i;iclde.-cell 1.rai t. nncl uncmill hy i;ol11hil it.y 
de(.(\rminal.iom;. /\11 henw1(lobh1s posit.ivn t.o t he dithionit.o 
1.1)i,t mu~(. b(, t<lr.ttrophori:r.ed (eelh1lo:;e 111:(,1.nt<l, dt.rnl.lJ agar 
or :;l:orch g(,I} \:o differen!.hit.o HhS from HbC 1mcl 1.hnlas$(I·· 
mia trailt . Drn1ts m1nsin1~ lwmolysit; in gh1c:os11 G-ph(>5pha1.i:, 
d<ih.vd rogm111s11 ((:UJ>I)) dc:ficiuncy indudc ~ul/'omJi;, nit.rofu .. 
i·ami, ch loroquine, dinwi-c:aprnl, ni1l idi-xic atid anil prolicne .. 
dd. 

The hem.vglohin c:1>m:e11t.nHion is mt!nsured $poetrnph1}t.o­
metricall.v a fter ly;iis of wh1,le blood and t'lmvcrsi<)ll of h<,mo-
111obin to humfltin, oxyhomo1ilobi11 or cy:l!Hl\dhtm11>globi11. 
The ode.lit.ion of n 11l.rong b:tsr. (NaOHi t.o pH lO conv1;i·t.s 
oxyhumoid<>bin, cHrboxyhemof(lobin 1\1\d methemo1~lohin t.o 
lwmat.in, which c:1111 bi; f*tlm111.1,<l phot.01111,l.rkally. Wr.alrnr 
bal:\()S (NoiX>:1 or Nl-l.10H) 1:onv<nt homoi,lobin l.<J oxyhcnw-
1;lobin for a1111ly$iS. 

Total homorilohin iH 1110118111·<:d al!\o by <!ollvor:~ion Lo cynn-
1neth<,m<>gl<'>hi11 usinu 11lkali1u, sodiu1r, lW,mide .. potirn~ium 
forricyanid,, r1mr,(;1Jt.. Hemoglobin $IJll\d1Hds cc1·1.ilfod hy 
the Clini<,nl Standards; CommiW.1e <)f t he G<>llt,ge ttf Ameri­
can Pnthologis!s nre 1rnod in t.lwse prnccdures, alHJ all r115~1lti, 
arQ l!i.prei;st!d 1\1, ''l{ lwmoglobin p<!r l.00 mL blood." 

ln Um normol st.aw, tho o xygen consumpt.ion of 1.lio RHC i~ 
low and ii iM involved in the, (:unv~1-i;inn of henio~lobin t.o 
m:idi:r.ed wn:H) m<,l.h1)mo1rlohin (H bM) which (:(lllllOI. hind 
oxyg<m. Th(! no1·m11l lmlnnct, of HhM ( <(Ul'Ji,) i~ mnint.nine<I 
by t wo !!111.ynu:i i.ystmns .. ··NADH 11nd Nl\DPH mclhl<n·i()glo­
hin rnduct1\~~1s. An inlrnrit.od delfoiml<:y ofth<, RBC en?,ymc, 
G<H-'D. 'l'hifi will d ec1:<:,1\ll(! t.hc rnt.c of i·eduction of 1tlo1.11t.hi• 
011c un<l mcLh<>mol{lobin, muke tlw coll more vuh1el':1bll' It> 
oxidut.ive uU.nd, tmd r<isult in :;U$<:(:pt.ibiliLy to dru1;-indu(,od 
or immurni -11H,dinl.<1d n1mi;()horocyl.ic h11molyt.ic anemia. 
(l(,PI) defici,mc,v is found prt1dominant.ly in M,idit<)rr:lllNUl 
peoples, Son1.h,,Mt Asians, Afri,:m11; 1111d Amorican twgroc~. 
'l'hu (rnzyme can be quunf,il.nlcd i::poct.romet.ricnlly <ll' hy 
fluornnephclomd.ry h:v m1:a8nrint~ th<l mt.e of 1·1,du,:iion of 
1,kotin;)midu adlmine dinucleul.ide phosph11u, (NADP) in 
tha pres(lnce of G6l'D. P r<Jsumptive sc1'(,m1i1111. 1.111:l8 hmmd 
on rnducc<I 1:lutnthimw {GSH) cunt.(in\. of bl◊od befol'(, 11nd 
al'L<JI' int:ubation wit.h 11(,et.ylphunylhydrn:r.i 11c, alno lll'l! usod. 

l•:ryt.hrol~~•Ui count, hmnoglobin cont.,ml. and lllml!lt.ocril 
voluo Me used t.o det.tmnine v,1riou:; bl<>od indk<lM in t.hc 
ciia~nosis and ll'M(,m en t. of unamin. 'l'hmrn m<:11:.urem(:nt~ 
nru: 

M,•u,r ,·ur1m,mlm· ,m/111111• IM.CV t,,m")I " 
....... . . lk111111<:,et·i1. (%), X. 10 ..... _ . ..... 
l~r.,·tl,rt.ieyl<~ <'cni11t. (mil!io1•:.1/<.~l; Ulm) 

Mi,1111 1•m·1111si•11li,1• 1J,,mo;:lol>i11 )MCH (1>11)1 "' 
. ___ lkmoi;l"hin<1dHJO mLl_ X.. rn ...... 
1,;r~•t.hroc,1•1<' <:omtl (nsilliou~/(:u mml 

A1(1(lll t:(WJ)t(:rc:ufor Ji~•nw J!iohi11 t'.1Jll<:(•11trolivn iM Cl ·l(~{'½,)J ::::. 

111,m!l/[lrobin {g/101) ml;l,l.( !\ii> 
· Hrm:ifo<:,·ir (%) 

An ad<li t.iorrnl p11rnmct.ur u:md Lo <:hnrndnri¥.tl rc,d .. c<:11 wu·io -
1.ion is tlrn rod .. cull dist.rihution wid th ( IU)\\1) d11l.1mni11ml on 
tlw C1,ul1.<:r S-.Plus II. The HDW iH (:,1lc11l11 tr.d dir(l(:!Jy by 
thn ~1.nnd1nc.l ,fovi/11.ion and tonlTicit!n l. or v11riai.io11 fr(,m a 
red-cull hh;to11rfl.1ll on Utli S-Ph.1s JI.. '!'ht) di ff,1r,,nc<.! in <:di 
si:1.<l may b ti us1:d to mouit.01· PtlU(,nt~, wil.h pernido1rn 01· 
hmnorrhngk u,wmia. 

l\n1!mi11,, 1,irli da,;~ifit~d aK t.o rcd-cnll volum11 and homoirlo .. 
hin conc{ml.n1tion. lvlacl'(IC,)'/.ic (lnrg11 ,:nll: MCV > !)'1 ). 
1u11·11w1:y/.ic (norm11I ceJI; MCV, 8:-l t.o 92), or mif:rocylic 
(mnnll clill: MCV < 80) are t.h (: ch1ssifkot.ionK micordinv, t.o 
c~,11 voh1mti. Cdlulm· hllmot{lobin <:onc:enl.rutfon cnt.eiiori:1.c1$ 
th1) edls ns to hyp(crc;hl'omfr (MCHC > :l8), nor,1101:hromfo 
(MCl·JC "' :\2 to a6), or h_ypot:lm,mii; (MCHC < 30). exam·· 
pleH of anemias: 

I. l·lypiJch romi,: Mkroc,_1•t.ic----u ry\.llt'oid nornioblm;li<: 111i11mi(1 
in bone llll\l'TOW 
A. lroo Dofki.-,ni:y .. ... ;ow hmnordobin (l-lh1:1 llllcl f{HC, 1/.lw 

:1c1·um irnn, lsi1:h total ir<Jll l,irnl i111; Otl pitdly, 11b~" 111. lu,rn11-
sidl!rio. 
l. J)ietnry ...... ,uw iro11 i,1t.uk1·, 
2. ln tc,1;1-.;'n11I problmns-.... do,~1•;J:,~t!II iron ahs111·p1.io11 
a. Prn1tJHJflC\', i1) f n 11(~~··"'' ;1uit"(!O!iCd iuu, l'(!(tUil'l !J)\('llt,i 

11, hon los.s,•.:,,d11f! lo<:hrdnic lu:morrhn1!<~. pm·rn~it ic infuc, 
tiot1s. (; 1 l.rllct. lcs,011~. t!Xt'<: :;.s nwnstru:il hl1111din1:. 

B. ll ol'<'ditm·y 8i«l<irnbl1,~t.ic--... ,fofod in I-ho hume o.i•111.lu,ids, 
w1 inahility lo olili'l.,) i!lJW•l<"I iro11. 

C. 'J'J111la,-somia•-·•11cn11t.i(! abnormali ty which p1·od1.1ces ,11,r .. 
m11I f.o inen1,\,;(:d l-llml•' 1111d/tlr Hb11A~. 

11. Norn1111:hn1mir. Nornwcytic 
/\ . lfornolyt.ic .... iJwre11s1,il ilMt.1·uc1.iil11 of <,t)•l hrnc:yt<!s. 

l.. A1.1l.oi1111m1110 h<,Jll()lyli<: 
z. Cold o,:1:h1tJnin htitnolyt.ic 
:I. Mi,i:l11micn! d<:at.rndion ofHHC~ 
,t. 1'11ro~.v~mnl Nod.umal lwmo,:luhir,uria 
I). l.,ymplumHH; n11d lfo,ll(kin's disut1st! 
C\. l nfo1!l ivns 

n. l lc,11101:l,,hinop11Uti<.ls ... --;\hr1c .. ·m11li1.i~, it1 sl.t'uct.\trn of nl ­
l)h;1 01· h1!f.11 chaiM of hcmo,-:lol,irt moll!t:11li,; 1wrnwblos1.ii, 
,,ry1.hroidhypurpln~i11 in bu,ir. m(11-row. 
I. !:lic:ld«-coll 
2. H«::mo)v,;i,; 
a. l·lmno1i1obin CC 

C. 1\c111<• J·h:morrl1:11:11 
D. OUmr 

J. Apln~tic A111:mio, Leukemia, l\foli1:1111111,.v 
~- Hcn11I foihm, oml dn1,t .. r"111t.NI anemins "nuslltl l>,1• 

d1lor,.tmplwnitol 011<.t ,1111.intJ<lJ>l11~l.i1; <lnr1:s. 
HI. NMmochrnmic Macrncy~ic .. 1ltw t.<', cl<,fici1mcy of vi1.11mi11 Bt 1. 

or folaw; bt>n(, m!ll'l'ow i;; h_vpt.,n,l!ll11!11r wit.I t incrcmmd <Jl'.V·. 
t lir<>id 1>rcc111·1mrn. 

L P1ir11idollfi 
:>.. Si<lcrnhlrmli,, 
a. Spr11c, ..... 1..,1nl h·on•hin1lit111 ,m11111,if.y iH «lecr,,:i,"'!; ht•• 

mosidcrit) iH incn1ns(!d iu t.hlt bone~ m:1rrow, 
4, Pt't!l(lluncy 

l)ni.erminut.ions of Lh<i s11i.pe11sion Bl11hiliLy of whole blood 
and eryl.hfocyl.n f'r:igilii.y a Hi usllf'ul iuljund.,; in tho clia1:nosi,; 
of Vlll'l()llfi diseast!S, 

'f\ho r?r,)'lhroeyt,~ ,wdit1rc•11/.<1tim1 ,.,,,.,~ (l~Sn) is ba l!!:<l.im:-ltc~ or Uw SU~· 
p«::n:,ion stuhi lit.y of rr.d hl<iud ,,..,Jlt• ill plm:11111; it. is rd ol.(:d w the: nmn!Jlw 
orul liir.ti of the l'Ccl c<~lll-i and lo l.h(~ r-ilnt.h~t• ,·,m(.·,·nt rul.iml of plmmrn 
proluiu!>, \~iJ>ocially fihrino1:mi u1ul tl,t• .,.. and fl . glohultor:. This ll•};t i,; 
pr. rformi,d l,y du1,;rmiuin1; th" rnt.,, or sNli111<!1tl11tion of lll1)1><I i:c!l11 inn 
fl! .,11,l,ml l.llbc. N<>l'm:,I hlood mm j;;o Ill If, mm/hour. h11,i•l)R~Maru11n 
indicnt-icm of (u.:livc h,,t ohseun.~ di::CIWJt: JnQct'.ssos ~ud, U!1 t.uber(:ulu:1i:; 
11ml m1kylosi111; $l>01>1lyl itk !•:SH i~ ,1ffot1<:cl hy ""'"uin uu<I do~• m>I. 
rc~1:pnncl liouorly wil.h ch~1nr,t~fi. jn {tsyal fnl'!i rkal mucJ·onwlccul,!~ ~-.wh :,~ 
f'ihl'inu:;m1 mul 1dohin~ . 

'Plw 2,itu ,q1t1im,mltlJ i<m n1(io (1/..SH) tochnicJ\lf! ovurccnn1lf\ tlw;,;,1~ dis1ul 4 

v,rn1a1:~~. II. i,, l11w,d on ,t m<:nsurc (11' 1h,i d os!lm,~s with whidt !WC will 
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n1>p1'1,.1(:h eac.:h othur nfh~r stundm·dir.(!d ~yd(•~ .:11' (.li~pr1·r.ion muJ ,;mn))il,!· 
1iCltl, 

'l'h(! ,•ryr.l11·d,:.)'lt' /n11:ility 1,1.-.i i~ ht,x(~d on r~t.i::.l:H\<:c of (:Olli; co h,~moly• 
~;i11 in ,l(~e,·c~t•sint{ c·m1c1rntrnti1m~; ol' l•ypot.011it; ~~:\lillC!. 

hi,~r,u,~ml o~llloiir. frn1iili 1 .. 1• of t h" rnd <:<,Ila; is 11(<Hodn1.1,<l wi!h vnrious 
1,yp1,- of ,;ph<:rncylrn;i~ nnd m'.4uirnd hc,nwlytk nnemi :1; incr('usml rc»is• 
lmw,, hm• hl•t•ll ob:;r.rvt,d in l haln~r,cmla, 1Jid11<.' •r.dl mmmiu 1111<1 h~•po• 
dm1111i~ ancmiu. Th<• hml c1m 1w p111•fo1•1111:tl 1M1u11, lly h.v ,,,,luri11ml ric 
t"il i,i,nti,m of h<mw11lohin rnlc:1:1!,d hv hYP<•tonit c1,II rup ture, or 11u1.ou1111.­
fot\ll ,v in Ml intit.nmwnt. whkh •-:ont.fnu;,lly n)l:c.rd~ t.hn l11C:rnna,u iu Jigh L 
1.ran:;mit.t,11114.:c t.hrouf{h ,\ i;u~pcnsion or rt!d t:•~IIH in 11 ,:onti nummly <lt-. 
cn,1,~i1111 ~1111. l!f11di1ml. , luring dit,l,Yl<i•. 

Lcukocyl.cfi•-- M1it.1u·c, lm,1./wc:yl.es {whit.11 blood c1ills, 
WBC) in pei•iplHn·nl blood ,rncl thoir µwcurnor,; in born, and 
lymphoid t.issuo <:01J1prise t.ll() lculwc_v tic system. \111riou~ 
t.yp tl:; ol' lcukot:yte~ are found in normnl blood. Oif'fm·ent.iH­
t.ion of the lymphocytk, 1nouocyt.ic nnd p,nunt l(\Cyt:ic leulco­
cyt1; t.ypcs ii; b11sod on ccill 11i1w, color, chro11111t,in struc:two 
ond cyt.oplnsrn consLi tum1t.~. 

'l'Jw. lll'imnl'y fund-ion of lcukocyl.ci; is 1fa1 dHv<ilopmont. of' 
t.lw variorn, dt,fonsivu ond rnpn1·11tivc l)r'oc.:cs:~cs in infl11mmi1-
l.m·y nnd illllll\lllC-H'm;ponse 1rn,dia11iium1, 'l'he migration of 
lcmkocyWH l.o the Mit:u of inf1ammut.iou it: tl$SO<:iated witb the 
l'Clc,osc or uct.ivnt.iou of vnrious bioch(m1k,i\l subst:rmcc,s (r, .. 
hydrnxytrypt111nine, hii;tamine, complemont., irnmurwr,lobu­
lins, prosl./lf{l1uidins, lysosom,11 «!m,ymmi). The 1,fas1m i1i11Lio• 
cyl.e or monot\Ylt! (macrnphagt:) alsn <:1111 cngnlf nnd do,;t.roy 
foreir,n pl'lrt.idcii hy t.h(i J>l'(H:css of tmdocyto~i,i and <:ert11in 
lm1koc;ytc t.ypci1 by 1>hagocyioiji~. 

Thll t:lwmic11l com.posit.ion of the lettl11)cyt.c includes wot.er 
(82'¼,}, llll(:IMprot.ein, 1>hospholipids nnd 1.1•9co minerals. 
Ji:n1.ymc (:◊nt<,nt., r;tyco1rcn a nd hist.omine levels vary in t.he 
clif'forent typeii of' wbitc cells, Deficiency in crnymus n~~ocJ .. 
at.tH:I with r,lyt:()lyl:ic nrntohol.iian (hexokinase) aud i111\r1:IISC$ 
in pbosphomonoe!!l:er hydrnlai;ei, (alkaliiw phosph11tus11) 
h11ve be.en obs{lrvcd in lc11kocyics ol' cGrUlin lc,ttk(imi 11 pa•• 
l.ieuts. 

'f'hc precurnors of 1rram1locytic h~lrkocyte~ orr, found in 
bone marrow irnd are dn1::~il'ied nccol'ding t.o t.he de!!rt•l' of 
<:yl.oplmnnic 1tn-1.nllh\tion, dyo-r1ffinity of t.he gmnules and 
IJl1ape of the n11d1:llS (Schill ing, Arneth or Coolto-Pondnr 
Clm;~ifi<:nl.ion). As 11ndiffc1·011Ua1.od celli, (mycloblosis) mn· 
\:tn·<: 
pr,,my~l111,:y!1, · ·• nly(,lo<:,l'lc · ► »wlnmydocyl-0 · • h~1ul l(,Ul((1tyW · ·• 
~•<,1:111ct1t<«l leuk,,i,yl.c 

mellu:hromal.ic gram1leH opp1~11r in t.hc cyiop)a:;m (grtun1l <.1 • 
i:yl:(!s). All i;Ql{tncml.cd lnulwcytes tll'e n1o~il(,, a r<:q11irom(mt 
for pm·ti(!ipation in t ho inflnrninal.A,ry or phngocyl.ic proce:is• 
(IS, 

In t.lrn mat.m·a ba1;ophili.r. and r.cisitwphUic lettlwcytm;, 
UJC6C [41·1mulcs devdop on nffinity for a hllf:ic m· ncitli<: d~•11, 
respectively; t.ho:;o \\r. lh; <:ontnini111: g1·1\111tl(iij whidi do not 
stoin nm call<;d m!ulrophi/1;. In p1:riphornl bli1(>d, I.ho ma• 
!,me r,nu,ulocyLic c<,lls :Ire d118ign11ted J>olymorphonu<:lr.ar 
fottlwcytr.:;·-- neitlrophi./ic, eo6i11(Jp/iilic or /Jwwphilir:. 

'l'hc othm· types C.lf white ('.Cll1:1 noi·mnlly obstirved in 1>0-
riphcr1.1l blood have 11() 1,1·anul,:~ 1111d ru·e d n~llified os to si2.c 
und shap<i inl.o I.lie nirmocyle nncl lymphocyte, which ruo 
fm·mcd in lympb(li(l t.ist>Ut1. 'l'htl small lymphocy[.(! i$ t.hy­
mie--dm·iveiJ 111HI i:i folind in I.he circulf11.ion nnd r:<11·minnl 
con tern of lymphoid ~ii,mm. The orii~in of Lim l1ll'ge lympho­
cyu, j g n ,{ul,-r!911(1(:i.11Ltid lymphoid 1,t()m cnll which can forther 
dil'fol'cnt.int.(i in l.u t.hc immt111oglolmlin-pi:od11cinr, 1>hHmH1-
cyt(1. Tho interm:tion of thymic ('J:') an<l bone-nrnrrow (B) 
lymphocyLoti is \.hi'! basii; fol' t.he dcvelo1>mon(. und moint.~:• 
naiwu of hmn(irtll nnd c:ellulnr immune mcchnnim1111. 

Lcuk(l<:ytes ore onumerntocl by pnwcdures nimihu· t.o 1.hose 
llfled for <:1·yt,hrncyt1:s. In the viim11l pi·ocl:dun,~ ilw blood is 
dilulcid with o fluid (:)% v/v ucct.ic; t1<:i<l} which lyaw:1 !,ho red 
coils, and t.he t.ol.111 leukocyf.ci count. is dol.(mi1ined mi<:1·o~cop­
ically. Rosinnphil~ 11h10 muy be (UH1ly1.ed diff!mmtinlly wi(.h 
o diluting fh1id which rendcrn t.lrn rnd ccll8 11m1J'()fl'llctilc nod 

invisible, nnd lyscs I.he bMc-11\bilo lc!!Jlweyt.oH, IMving 1.hc 
b.t1HM11:able co:;inophilB int.net.. /\ imi1.11hl11 di luting fluid for 
t-hi11 p11r1><rnc iii Pilot'8 Pluid (propylcme glycol, 50 rnL; dis­
tilled w1\l.cr, '10 mL: 1% phloxim1, 10 ml,; 10% t)orl ium 
C'.Ol'honnl.(1, 1 mL 11ml heparin :mdi11m, 100 unil.s) , l!:le(:tron .. 
ic .. coun1.in1~ pl'ocodurcs urti ~imil,n Lo thoile uiied for (,ry1.lu•o. 
cyLes with tho 11ddod advant l-\1~1m of i;peed, 11ccrn·11cy and 
1·oprodueihility. 

T ho 1Hlm11tl utlult,lc:ulrncyte voluc iN 5000 to 10,000 ccllu/cu 
mm. Voh,es w·ent:or thnn :10,000 (lm1.Jw1:yt,mil/) m·e cn<:oun-
1.el'od in t.hc newborn inf1111L, young childrt1n, ufto1· violent 
excrciue, Cl)1Jvolsive Huizures of epile1>sy, l(:ullemi111md cnn­
ce1-. Valuor. of' hms thnn 6000 (/eulwp«11.h1) or<i obacl'ved in 
certain rnicrnhiul infoctiom, (cg, typhoid f<w~,r, m1:nsle11, m11-
lt.1 l'i11, ovcmvhelmill({ 1mp1foomia) , cil'l'hm1i11 ol' Uw livtir, perni­
ci<,ll~ nnemia, i:ndint.ion injury and rcplaccmm1L of marrow 
by mnlignanl. I.issue. 

A diff er//ntia/ c:otmt vf the leulwcyl.ff.$ pr()Vi(\(ls inf<>l't11,1-
t.ion 1:111 to tho relativll numbar8 of 0Hd1 type. /\ thin film of 
bluod ilj prcporcd on n mic1·o~c<:>po slide st.niuc<i with II poly,. 
1:lll'om11tic 1>1·opm·11t,i1.1n such us the Leishmun, Wri~hl or 
Giomsn Mnin, and n11alywd microHcopic111ly, W1·ight'9 sll\in 
eonf.nins polychrom,id moLhyltlno blue 1111d Msin dyt!s; the 
crythrncyws aro stained pink; the nud1)i of (.)w leuk()cyt.es, 
J)\lrµlillh -• hhrn; mmlrnphilic gran11lm1, vinltit:-pink; c:osino-• 
philic grnnuhm, red; ht1~ophilic 1p·n11\1l1.1s, hhrn; 1mcl platelets, 
hh,e. 

Th() r.occm l. int,roc.hwtfon of nntmnntcd :.y~t.11ms for differ­
<mt:iv.l whito-cdl 1iounts si1.{niffoirnt.ly nl<h1c:c t.he ctT<:>rs inlwr­
ent. with l.lw m1hjcctivc nutuw of \.hti vb111\I c:<Jlllll,ing l)l'OCC· 
dm·ll, Differcmtfation of ~lw v111'io\1H cell typ<m c;flll be, nrnde 
<on 1.he h11sis of (wtochemi:,ti·y 11nd stoining propo1•1,ies of 
cnw.yrncs :;pedfic for n single cell type. The 1p·:rnules of 
nnu{.rophili; and eosinophil:; are :;t11ined by 11clion of (.hcdr 
poroxidrrnm; on 4-chloro•l -nuphthol to f'orm n colvred qoi-
110110 in I.he p1·cson1:c of n pcroxidll and further difforonUat.od 
by the Ol)t.imum pH for peroxidase activi~y betwoen t:hcH1<1 
t.wo cell types. 'l'hc rnonocyt.ic: 1 ipl\l;e is used us II i;1mr.ific 
mnrlcor by tho reaction of busic fu<:h8in wit.h <x· nnphtJ10l 
libernted by lipa8e on l\'•nnph!.hylbut.yrr1t<: ~11h,11:rn\.e, The 
lymphoc.:yLus u1·e no\. ~t.ninecl in thiA pro,:1,dure but. urn mea­
surnd by dectronic abdng. 

Aul.omawd diffo1·<mt.inl WBC count:> also have lwm ob­
tuined in syHtcrni; whic.:h count. l11r1tc }'>OJ)til11t.io1l11 of r.ell11 hy 
Bimult.nncous mmlHUr.emen(. of two opl.knl prop,wtic:i (11xi11l 
light. los~ .md/or nun·ow-1111gle scnltor nnd/or nrnltiple .. wave-
1,mitth fluorosctm(:e). Lni;or lil{ht. al.so is used l.o diffen,,Hint-0 
cell si1.o, grnntilority nnd volume of cells. 'l'he collc(:ted li1{hl. 
mc11s111<ticl hy forwunl vcrl-l\1$ righ(.-1u1gle 11cf11,(:(!l: is convoi·t.od 
to a hisiogrmn uivin({ t.he pci·c,mt of lymphocytos, monocytcs 
nnd 1,:i·nnuk,cyt11~- An(>\.hcr i;y1;(.Clm involves <:omp11tl!r pro-
1'.!lSHing of two--dimc:rn,ionol imngei; of t:he variou~ cell l.ypeij 
ur;int? nn nutornut.ic Hc1mning m i(:1·011cope. 

J"o/.ymurphonucl<!nr 1w1tt rophilic leulwcyte:. (ncul,1·0-
J>hils, "polyfl") normally comprise 62% (50 u1 6'1%) of !,he 
tllt11I hrnlto(:yt.e count. 'l'heije cells nrc irr<Jguliw in ahnpc (10 
to 15 µm in diatn<il.er·) und wmnlly w nl,nin n mult.ilobntcd 
nucleus with fine, li1!htly st.ainod cytoplm:mic ,t1·11nulc~11. An 
immature or juvenil« form of ncutrnphil , wi{.h !I bnud­
flhtlJ)llO 11011sngmcmt:ecl nucleus cnnst.itutes :{ to 5% of pel'it)h­
ernl blood lcukocyteii. lucreas{i!! in Urn relativci porcontogc 
of LhtlSO (:ells (ncut rophilin) i& ob~erv<:d in ncutc microhial 
infodions fog, menin1'itis, 11mnllpox, poliomy<ilil.iu), m.<il.11-
b<>li«:: disonfon; (dinhe1.ic 11ciclosii;, 1/0llt), drnt: inl.oxic:n1:ion 
(dii:itnlis, epinephrine), vaccination , coronnry 1.hrombosii, 
011d malig111111t m,oplimms.i 

Polym.orplw1r.u.1:/e«r eo.~inophi./1:c lettlwcytes (<i<>llino­
phils) 11imlrnlly (!Ompl'is11 about l t.o 8% of totul drc11l11ting 
whit:e-blO(>d eelli;i. In nppem·ance lJwy uro i;imilur to 1,ho 
nc.mt1·ophil wi!.11 tho uxccp(.i(n1 of' lilll(/), rod-i;1.ni111irl cytoplns• 
mi<: grnnul trn. l~sinophilin hnr; hcmn ohs!lrved in cmrt11i1.1 
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i;kin di1wuscs (pi;orin~i::;, <!c,mmn), p1.11·ai; i1fo inf(!ltf.l\f.ion11 (1)()1'1< 
round wonn·-····1.l'ichino:1ifl), <:erl.uin hyporH<msi1.iv il.y reH(:· 

tion:i, :icorlot fovcw irnd 1>ern icinus nncmia. Charcot-Leyden 
crySl.fd~. which urn fo und in bronchial nccrtiUons from 11sth­
Jl\!ll.i<:i;, urn ch,rived from 1rni:loopro1.c,in-dittinLegrnU011 procl­
uct.<i of cmiii1101>hilH. 

Pol.vmorphonuclcor bas(Jp/iilic /.e11llo<:ytcts (1>11sophil8) 
posse!\.<; largo c.vtoplnsmiC! a rnnulc!I which !11.ain n dNir> blu<>~ 
•rhC)i;c cells, which 111·c: primru·i ly somcni, of' blond hepul'in 
und hiiituminc,, conijtitutr, le:;~ 1.h1111 l..0% nf l.lw lcukoc,vtc~. 
Basophilic lcuk<>Cy1:o~i~ is si,en i11 chronk myoloc:yl.ic hmkH­
mia, hcmt)lyLic nncmiu uml Hodgkin's <l ill<.!/ISC. Bu:iophi!ic 
leul«>JH,nin occurs following rndiation or tlwr:ip>• wi th gluco­
cortir:oids. 

1.,vmplwc:yt.es hove o <:ell ,lir,unr,tcr from '7 io lO µm (small) 
to 10 to l.ll pm (Iorgo). They hnv<i 11 r(llllld, or slightly 
imJcnlud, deeply stoinecl nuclo1u; nnd nonnnll.v mmpriso 25 
to :rl'/1, of the lm1lcocytcs. Lymphocyl.osis is seen in infcc­
t:iou!l m(monudeor;i11, lym1,hocytic lctllrnmia, rickt;tl) nnd in 
most. conrtil:iom; mJsocinted with nnut.rophilic, le,1l".1pon i11 
{ncut1·opm1ia). 

Mllnm:yte.~ conHl,iLut.e :3 to '7% of t he loulrnl:ytcs. They 111'0 
l11rf{Cr (l.2to2011111) (.hliJl (.Im other leuko<:yt.o,:; and poMnci;s an 
ahu11di1.nl., pale, hlui:ih-viol(\t: .. 11t11ined cyl,oplnam wit.h n fine, 
re!..ic:ultJt.ctl dwomol.in st rudurc in t.irn nuclcuR. 'I'h(i mono­
<:yt.cs (macrophages) 1>ha11oc:ytize bnct.criu, p11rn;sitic pmto-
1►.01.1 , rm·uign purtiduij nucl cv(:n (.il'ythrocyte~. Monor.,vtosii; is 
,.Mn in cert:ain micrvbinl inf'c<:tions (t.t1b(!r<:ulol\fa, l.y1>hus, 
11111hu:ia), Hodjrkin'1; cliHMsr. nnd monocyl,i<: leulmmia. 

Drug Llrnrapy froquen(.ly c:nu8e!l nc11ll'()phil dysfunc:tion 
which con bn chnrnct,ci+led by t\ docronAod numbor ofmnture 
nci11t,l'Q}>hil11 or a dol'ect in coll1Jlnr function result.int? in the 
inohility of UHJ bc>d.v t.(> d(1fm1d it~t•Jf 11gnin$L inf'oction. 
Drug:1 such as nit.1·orron must., rd and chlol'l\mphcni<:ol de .. 
gcnornl.<: bone-morrow stem cells , 1md DNA synthcKis is im­
p11 il'lid by nnt.imc(.flbolites B11d1 ns methot.mx11tc un<l J1uro~ 
uracil. Dt!J>olyme1+1.11ti<>n or DNA is <:ouso<l hy procurbuzin<i 
nn<l ulkylat.ing n1:c1111·s. Mitosi$ ifi inhihit.<ld hy coh:hicine 
and vincu u.lknloids. 'l'he following ouLline fo,t.s drug11 which 
1:iHISC gr11n11locyt.0J)(!ll ill.~ 

Ntl)ll)l1c,111<)1 h~l'll(l(<11lit' 
rifnm1,i11 
fi11twc1i11 
hcmzcnt..~ 
njf J'UU~\ c).lli<lf: 

,,~hm1ul 
Anlil.hyniid 

r.11rlilmn·1.ofo 
m<?l.him AYm C 
l.hiourncil 

Diurotfr, 
rwr:t,w.olmnitk, 
nhlot'l.ht1lidmw 
r.hlnrothi11zido 
nt hncrynic ncid 
hy(lror.hlornLhin-,.id<' 
m<o'C\1riul~ 

Antlh lHlomin"~ 
11thy lnnc,di11mh11• 
U101rnlidinc 
mnlnt)hr,nylr.iw 
pyr1bmw,.mnin<! 

Phonot-hinr.in~~ 
rhlorpmnurninc 
ll\l:JIU1.jl\(: 
nwthc•t.ri1n~J)r~1.in,: 
1>rncl1lor1•(•rMino 
(horiditino 

111\t.ihiol.iCH 
,:hlon1mph1,nicul 
Cllrh<•nic-illin 
f{riu~ofulvin 
i:ionln,id 
novc,bit)<:i1, 

G11r(liov11~c11l11r 
dit1r,,~ido 
r>roc·oinnmicle 
mothyl <limn 
11uini<li1\(1 
propr,1110 10 ) 

/\ia, qnnlitot.ivo rmd quflJl(.it.ntivc chan1:1,i; in leulwcyws in 
pcripiu.H:nl blood 11ud th eir pmcursors in bone m111·1·ow nnd 
lymplmt.ic t.isi;11e rlrn nssocin1~id wilh U)(J vnrious types ol 
foulwmia , thh; dii;nus1) lllla bc1m dttssifiod v11 t.he basis of 1.h~ 
p1wlomiuati11g type of leukocyln, ie, mydo<:ytic: (gmnulocyl.• 
ic:), ly1nplwcytic:, m onocytic or plnsmocyt.ic. Lcukc,nin m{~Y 
he (,iUu.ir acute) ur chronic nncl involve the re1>loccment of 
bo11e1-morrnw clcm<mt11 hy mullgm111L cells, infiltration of t.hc~ 
l'(,tic11lo111uloth<?liul Kysf.em, u11cn1i11, Uwombocylop C!niu and 
hcmmrh1tt{C, Lm1kmniu UHunlly it: nsflocit1t.ocl wi~h ,\ll elovnt.• 
cd WBC cou11L ,rn<l i1rnrc:mc in l hu spod fi(: ,)ell nncl it..9 pre• 
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c:111·1101-s iu p<:lriphcrnl hloi,d, bu1. in ccrluin in,.11,nncc~ Lhc,ro il> 
an nloultcmk blood pic:t:urc with 110 cvidun,:c of lculweyl.<>,qis. 
J.,eukocyLos in ucutc lcukcl)li,l tlr<, nw re. inu n:iwrc ("blm;t''­
Ly1>e <=<:lls} t.hon I.hose on<:ountcrcd in tho chroni<: t.ypc. 

In nrnny discuses of I.he lrnmn(.opoictie ,;y!! l.t t111, iL i~ 11e:cw;-
1111i-y to ex11111ine the hmw inurrow to dill.ermine: Uw rnl.<ili of 
forination, mut.urnt.io11 n11d 1·dco,1c of hloocl celti; inf.o ~hr 
IJOripherol circulaLion. ll ;;in(l fl pu11clt1ro biopsy n~xllc, 
ts1:11nplos of l1<me m(m'()lv mo.v he nhu,incd rrum t h1i ~IA!l'llU JH, 

ili(lc, crest: 01· pl'oximol cmd of tho t.ibin. 8me11r,.; of m11rrow 
t.h1m nrc pro1>111·od, ul.n incd (Wrir,h1;'s st:nin '1r spod.-1liit1d 
hil!Lo!>ttl.holo((icnl prorndurc) and (JXnminnd mic:rnsr.opic,,lly. 
The ratio uf myelc1i<l lt:uk l)1~yt.(; to nucloute<l r~d 1:nUs in hone 
rnnr1·ow, th t<: proscmce of 11bnormt1J (11.1.111.mydoi<I) c,:lli;, th tJ 
numbm· of plnLcl<.!I. p t<:cm son; (mag<dwryo(:y/.,1.1}, Uw :,i1(11$ 
of coll-maturation arrcml. und t,he pr<ifienco of fnr.nl losion:; Mn 
import:1.111t fnct.or$ in the di11y,nosls of v11rio11R di!IO(mc:: st~ll<!H. 

Sy11tem1:l'. lup11.~ er_ythe111.vfosu.~ (SLI•:) is n discm,c c:h111·11,,. 
t:oriz~d hy 111.1mnro11:i (:linicul (UHi 1mthologi<:ul manil'c:;l.a .. 
Lions M!!Odnt.ml wit.Ii voriorn, or~nnu. Althou1:h ~he dii;tl:1x<t 
chieflv nff<:ct~ the lymph11Lic sy~(.c1u, the C£1rdi1\c:, 1·(,nal n11d 
urti(:ulnr syslems ill!<o nrc involvotl. 'fhe rlitlgnoi.is or t.hls 
disr.oi:c is hmied on t.110 premmct• or 111, SLR-<:1111 fo,;1~11· in 1.hc 
g11mma•1:loh11l in fhu:ticm of blood i11 I.Jw di!wnR(id 1:IJ1t.o. 
This facto1· diHsolvcs the nudci of loukocytci; b.v dcpolymc•.ri • 
:.ml.ion or d eoxyri l.Jo1111cl(1il• oe:icl f.o form the 81,l•:-uody. lr 
i;ennn from pat icnt.q wi~h SLJ~ is inc:uhnted wit.h whit.c ct•lls, 
!.hC! "l)Olyn" will en1:ulf 1,ho lihern tnd Sl,R-bndy 1u11\ f<)l'ln Ul(J 
l.,vpical SLl.i:-cell with n 1:hm·r1ct.01'i>;t:i<: prn{{rcisHivo lom; •Jf 
mtcknr dcl4lil. Ort1f{1; whid1 ci:n1sc1 SLJJ; and produce a pm:i• 
tiv<l SLE- prcp include hydrnl,w.inc:, p rocuimllllidci, is(lninzid 
und ph!lnyt.oin. 

'l'hcsa nntihoditis l.o 1.1uclc,oproteil'l 11l1;0 can he dol.rmlm1 hy 
immunologicul t:echniq\m~. In Lhu do\1hlc1-ont.ihody wch­
nique, th e t.cl;t S<.!rum contniniug H1)lihod ic11 lo 11 ucle11r pro­
tein is incuhntcd with n ru t ki<ll\\'y slka (antiiren). 'l'hc 
sti<;ond a111.ihody is 11 fh1orescein-l11helc,d 1:oal i111t.il,111111m i111 -

nrn1w1{lobuli11 (lr,G) whkh comhille.t; wi(.11 1.h(I human ltlG 
bound to t;hc n11Ug1m 11il.ti in n posi t ive l<!!ll.. T he 1.'htorO$• 
c1mcc is cmt.hnnl.cd by imn11momi(-r1):;(:t.)!)Y, Normnl lii:h!.­
mic:l'Om:opy can be uS<!d it'th,~ goat.-a11t.ih1nnau !t:O iii li1lw)(ld 
wit.h peroxidtW.>., 

'l'hromboc:yl.(11-J--.'J'he prinrnr,v (\mct.io118 of t /1mmlwc.1•/.e11 
(blood plntA~lcla) arc the muintc1nunc1i of hem<llltlrnis (arrusl 
of blood now from II vai;,:;cl) 11ml hloml crn1r.ul11Lion (<:lot. 
fol'lnotion). Plut!!lcl.K urn oval u, sphel'i1~1I in sh:w,~ 1111 <1 
h QV() ll menn dia m<:t.c-,1· of 2 (·.o 1 ,. 111. They orit(i11ai~1 frum illl 

immut.uro cell (urng11karyocyi.<,) in hone morrow 1\lld r1}ngm1 
of 140,000 Lo t150,000/cu mm lrnve b,~m l'eporlcd in normul 
hlond. 

Adhc-,sivonom;, 1:1m~rO/f1lt.ion unrl 111mlut.i11111.io1111m Llw prin­
dpnl phy~iC' .. al propr.rUot, vf' plat.uk•ts responfliblc for he1110 .. 
ij(.asi i; ond coagul<1tio11 rcnd.iom,. Chumically, l,hcy conl.11i11 
protein (GO%), lipid ( I Ii%} und curbohydral.t< (8.!;1%). Thcii­
c:ont11n t. of t101·ot.onin, cpim1phl'ine nnd 1101·cpincphl'ino a.id$ 
in promot in1_t coJJijl.i:icl.ion l1l th(~ s,it(: of in,iul'y. The rele11$\i 
of "plntolot. thrombopla11tin," n cephalin-typ,i r,hm;phu(.iclu, 
t1 11d ADP aru imporl~1nt in blood COfl({Ulotio11. 

/1.11 of (.he pres(•llt t ime, thnrc i$ no r.ntiHf1tc l.01·y monuul 
mothod for ncco1·nt,i (!mu111;rn1.ion of blood p)(ll,Q)ots. The 
nl:1.e and phy1;iv11I prnp<;r•t.it,i; of 1.h<! 1>lat.elet :,ciriously dt1l.er 
CJie dove!C>p111on t. of acc11ratc and l'<.!l>l'iltfoi:ihlo nwlhoclology. 
J11cliroct met.hods or nnalynis are bn~ed on tho proportion of' 
1>l11t.clel.s to lH'yt hroeyt.os in n ,;tail\r.d lilood smMr. Blood 
Hnmplas obt.ainocl dil·(H;l:ly from t.h<l l'ingerl.ip p111,ct.11l'e 11rn 
d iluted wit.h 1m 11nt.icnllf(11l11nt fluid which l!imultancc.m~ly 
will s lllin Lhe platd cts. T he rnlio or ploLolel~ lo ri,d c<:lls 
thon is d1,tonni11ccl mir.1·0Hcopicully nnd t.hc numbor cnku­
lut.c,d from t.he predotcrmit1od rnd -coll counl. (nol'mal :1 (.o 8 
plaielet.s/100 RHC). J II t.lw clirect p1·oe<ld111·~N, u 8t1mpll1 or 
blu,,d ii; ohtnitif,d hy vcmip11ucl11n' , pltl()c:d i11 n Hili<:oui;i.t,d 
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luho, dilu i.od and ,-;ubsoq11<mt.Jy mwlyi<!d by cou11tin1{ t.hc 
plut.cll!h, in n micror.copi<: cnt1nt.i.n1~ dwmh<!r using cmw<m· 
Lionnl 01· pht1ac-micrns<:opy np1>m·au11;. Suit:oblt, dih1tin[( 
f111icl11 nt'Cl the Rues-Ecker fluid (1.oclitm1 clt.1·ntt). :HI 1~; forn1· 
ulcfohydt!, 0.22 m L; brilli1m1. \:re~yl bhw, 0.0/, g; waf.m•, <1t1 JOO 
ml..) or Brecker l•'luid (1% nnim◊11i ,m1 oxohit1~). i\uwmutcd 
procodm·e8 for 1>latdcl, <:ounting have inct·eust•d (.he nr.curncy 
Lo ::l:5 to 10%. Blood is collec:t:ed in u i;po<:ial 11ntir.oa11ulant, 
diluted 1111d ccnt:rifugcd Ii~ i;peci ficd sp,wlii to obt.uiu a 
''plat:elet:-l'idt" suporn11ton1. fluid, which tl1<rn i~ <:Ollllied in 
1111 automatml counting npparatus similnr t.o t:homl w;od for 
RHC co,mting, 

Methods for count.ing pluteh,ts in wholo blood include 
olcctronic impcidtH1ce ill:'>l,rum1rnL:; 1.10d lni,t\l' ·Ot)\,it!n l 
(:ounf.cr» 1111h1g hydl'(,dynmnic foct1sin,;:.:1 'l'hci,I\ new lwnrn­
t.oloi;,v 11rnllipnrnt11l!t,or 1mal,V;\OI'$ provide grenti;r nccmncy, 
preci1;ion 1111d incrnos~,d rut.c of nnnlys is performed 011 n smnll 
volume ,,r bh,od, 'l'he 1i11lmr11.1t.t•d ini;trume11ts prnvidc pre• 
cisc plntelot. mcum11·ciment.~ for monitoring chcm101.her11py­
induce<l thromhoc:yt.op<mil\ nn<I t.r11nsf11sion Uwi·apy. 

Pcm1istcnt. incn:i-1se5 in phltclct <:0tu1t (thrombocythcmi(I 
01' pfo:;trenemi<t) haw belln ob~t'H'w<l in ch)'()nic myclocy1.ic 
luull<Jmi11, polycyl.lrnmia, megnkaryocyl.ic hyperplasin nnrl 
1;pltrnk utrophy. Acute or t.t,mporm·y incrcnses in r>lal.elet. 
v11 h1e$ (thromboc,vlu:;is) 111·u seen in t.rnuma nnd ai.phyxia-
1.iou. 

'J'hrombo1:.vt.op1m.io or H decre11se in plal,<!h!tlJ to vnhws less 
t.hnn 60,000/cu mm occurs in vo.riOlt8 pm·pums or humor­
i·hnt{ic $1.ftl.es (idiopa!.hfo 01· s,vmptomnLic t.lu·ombor.ytopenic 
p111·pu1·11). Inhcri(.()d plat.el el defodJ.1 includ<i Gl1inim1tu1n 's 
thrombmithonin which is chm·11<,tel'ized by prolonged bleed­
in1, time 1md poor dot 1·ut.raction, while Burnard-Soulier 
Syndrome and Von Willobrond's di8CJaiw domonstrnt<l$ dll· 
f'(;ctivc plnt~let adhcsivcn<ms. Dofocts in the relemi<i r<lflC­

tion includes "Stori11ic Pool Dofir.i!lncy" uncl "Ai;pil'in .. like" 
sy11d1·om1i. 

A rnre, inherited, sLrnct.urlll 11nd ftmclio1v1l ploh~lel, r:lbnur• 
mality is Lhe grey-p/.atdel ,9,)'11d1·omc, charuct.eri1.od by h1r1te 
plol.,ilct.~ la1:ki11g alpha grnnulm; mid ur>J><.lllring grciy t>n 
WrighV1MLnincd periph(il'Ol blood smcarn. Putient.~ hHve a 
history (}f hleedin({, pol.(ichin<,, ~ll.:'>Y b1·uii;i11g and <ixpista~ik, 
Diagnor;is is confirnwd by rndinimmuno11ss1.1.,v procedul'<rn to 
deted. l<wels of 1>lllt\!l<1t,-:1p1wil'ic alph11-gmuulc prot.eins. 

L1~ulmmi11, P.X1~mfiivc lmrns, spl1mii: disorders nnd n1runL~ 
$UCh as quinidinc, i.11lfonmnides, hyclrochlorothi111>:i<l<i, dl­
ur(ltiCs, anLiepihiptics 11nd neurnph11rmut:<1lol(icol 11gm1t:s 
hnvP- bP.en implicated int.he etiology of i;ympt.omat.i<: throm .. 
bocyl.openin. DecreuBes in platolet co1111L ulso ure at!cmnpa· 
11ied by mmvhologicul d11mges in t.hc Ri:-.o, shapr. and cyt.o· 
plasmic grnnulat.ion of t.hui;e celli; and changos in odh<isivf:• 
ness mid normal function in he1no~t.asi11 and congulnti<m. 

Studies on plot.etel: ap,gre,:ation have bceu of sig11if'i<:11nt. 
value in tlw i;tud,v of platelet ahnonn11lit.im1 imd thofr role i11 
di1;ea:1e ~tut.cs. The rnte and extent of th(>, ag1p·e1rnl.ion nnd 
clot.l.ing rei:;pommto11dro11alinc1 ADJ', collagen nnd thrombin 
h11w boen meusm·ed by ob~etving chimges in opti<:11I dom;i1.y 
of pl11telr. t- rid1 plasma on odcli111r of ihoim .igents 0 1· other 
Ll)St.subat1111c<i~. Low nmount.c; of ADP 11,ive rewr~iblc ngl{rci-
1~ntion, while II hiphusic-11g11rcgntiou 1>11ttem occuri; wit.Ii in­
terniccliote; \~Oncent.mticmii of /\OP or with r.pin(lphrine. 
'!'hr. sr.cond pha~t~ ii; t.lte rclcaR~, of the pla!:clets' endog~nt)US 
ADP, High conr,ontr11(:ions of ADP r<:sul!. in un iJo1·<wm·siblc 
ngi:1'!ll{tttio11. Aspirin 11cb; as an inhibitor of the int.rinsic­
plauilet. ADP anti the collngen 1·e11ctio11, 

Reticulocyles••-•ln 1101•111111 p<ll'iphernl blood f).f1 f:o l.{,% ()f 
tho eryt.lmJcyt.<is possess n fine reticulum in the cyt.oplm,m. 
In hlood smc11ll'S prepnH:d wit.Ii Wright's, Gienum nnd other 
H.omunowsky methodlj, bnsophilic: stippling oft.he ery~hro• 
cytoll or.,:urs in l<llld poiimning (p/u.mbi.~m), Thi1; io no!. to he, 
confusod wit.h t.ho h11i1ophilic 11tninin1; of I.he rcticulocyto 

which only <:un be seon when c<dls lll'C! stnhrnd hy :iupi•avih1I 
procedm·es (mixture of dyes with wet blood 1>rior l,o prn111u­
i.n1~ of an air-driocl l)l1)od snrnnr), 'J'ho ol111crved ,inurnlar 
filnmcnts ()I' ret.iculum of this imm:~ture erythl'Ocyt.c t\l'<J 11 
resull, of endoplasmic coagulnt.ion by lipophilic dycn used in 
t.lrn 1a1prnvitnl pt'<Wcdmcs. llet.iculocytes Hre enumerutod 
by $upravitnl fltuiuing of th,llh blood wici1 nn 11111.icouguhmL• 
dye solution, 

The usual method of <lXpl'(!fiSion in 

% Rd.ica"' ti<1_of2:ct:!.£!!.l<.'!'}.'.l:t•6/lO~~ IU~(~ (l) 
10 

The ''corrn1:t11d" rnLiculocytc count jg calcnl11tod for n more 
meaningful cliuical approach in tho <fo,:rcc of nnmnin by 
oxpressin1; llui J)<:el'<,entage of rcticulocybis per mm:1 of who!n 
blood. 

Tn indirect: c:ounting met.hods II thin film of I-he blood••dye 
mixl-t1re i~ pmp11red on n microscnpt! i;lide, <;mmtorstained 
with Wright.'r, stain 1111d tho ret.kulocyteR emm1il1·nted in 
propo1tioo t.o a r>redctenninutl cryt:hrocyle rount In <lirocl, 
procodures, niti.cul()cyt.es 11rc em1mc1·ntcd in wot films wif.11-
ouL co1111Ltll'St.nin in1i. Suit.able dyos nro bl'illinnt crcsyl blue, 
mat.hylcnc blua (Ind ,Janus green. Theim me!Jiodo Ul'l? sub­
ject: to a hi1th counting error. 

An inc1·ea;sa in Llm mm1 b\!r of reLiculocyLes b 1111 ind(!X of 
accele1·1.\t,<!d lwmot.opoiesiH nnu i!l <1bf!cJ•ved in a,,ut.c hllmm­
rhage or adoquat.o U1c1·11p1:mtic m11nngomm1t. of il'()n•def'icien­
cy <1r pernidoua nnHmin. In c:11~e1:1 of chronic: blood loss or 
bon<Hnm·row d1iJ)rcssion n ducrcnije in rctic:ulocytcs is socn. 

Blood-Vohnno trnd ErythroJ)Oi(,tit! Mcd11111ismlj--1rhe 
lll<lnn i·ud-ccll moss in normnl male~ is 2095 :I: !l8<1 ml. (:\0 
mL/kr,), the avern"ti pl11stnll volume is 2766 ± tl f>!) ml, (/40 
ml./k1{) irnd the 1.tilnl blo(l(I volmu'-' iB 48Cil :I: 795 ml. (7() 
mL/kg). The SJ)l.l<eific dr.1.ormhH1tio11 c,f red-c:eU ma.~s is esl,i· 
muted 11ccurnt.cly by Lugging eryt.hroc,vt.es with i; ic,· in vilrn 
or "9llu in 1Jivo. Tlw1:1u iso\.opClli nr() incorpl)ra~ed into \.he {J• 
,,olypopLide (Cr) or porphyri11 We) of hcmo~:lohin in I.he 
RH(; and subi;uquenl. isotof)c dilution in blood aft.er in,iCl'.• 
tion ()f tagged el'y(.hrocyl.l\S is used for r.11lculat.ion of rnd-o(!I) 
mos~. Tn hemolytic nnemia thCJre i.,: 11!5(1 I\ decrt;!,lse in the 
normal lifo SJ>an (108 t.o l 20 duy~) of the ci1•,vU11·0<:yt.e ns 
indic11f;(!d by u decreased :1ur11iviil timt• of :;1Cr-t.ngrrod red 
\'.(!II$ in blood (rnfor t.o Ch11pter 33). 

P[(lsma. 1.mlume is estimated hv mc{l~nrcm<mt of hemodi­
lution of IV-•inj1ict<!cl 1~1iJ ()r 1:111 h~unan semm olbumin. 'l'ho 
act.ivif.y of li1beled ulhumin ijtcndily decre;i~e~ 11ftcr injuct.ion 
<lll<• 1.0 t.he IQ$$ of albumin \:tit.ho extnwusculo1· sr>acc, ltsti­
mntos of r.o ro-t.im" radiouc:tivH.y levt,ls 1,011 be made by ox­
t1·aµoluticm ol' n typi<:111 firi;l.•m·cle1· hlood-ltwel decny cmvll. 
Dy<is (Ji:vanii Blno) and <>I.her i11oto1>0B nro lt$1:1 1mt:isfoctory 
for ,wcurntc aasoi;sm(!nt of plnsma volume. The tot,al l.Jlood 
vohtml'l is equtil to the re<l•<:<!11 llltlsS und plamia volum<i. 

Ch,·<mi«: exp<111~ion of tlrn red-cell mass is 8een in primary 
nnd 6eConclnry polycyt.humia assocint.od with ot·ythrncyt.osis 
due t.o hypoxia, lmnm·s nud renal discmac. In Uw11e c1mdi, 
tions, tlll,re is un increnst,d hemoglobin and hemal.u(:rit nil<! 
obsolute incrtmse in rod-coll m11lll<, 1111·<•h1t.ive 1>olycythe111it1 
the high homntocril. iB du(>, to contl'nction of thr. phwna 
volume. Chr(ln,i(: e.,·pu1Mfon of the blvocl volunw, with n 
rui;ultant dcc1·e11sc in hcm111t.ocrit value nnd, in i;ome (:1u;oi;, n 
"hemodilut.ion" anemia, is seen in cnrdinc f11ilm·e, nonnnl 
1>1·eg11ancy, hepul,ic <:irl'hosis, splm1omeg11[y and 11rt.oriove• 
110\ll, fiijtulo. 

'l'hc rnct11b()lic diifcct in pentidous a,wmio, chame.teriied 
by in11dt)Qul\ta ~11strnint.estinal nb~orpiion of vitnmin 1312, h, 
d in1:nosed r<indily by moniioi•in({ urinory rndionctivity l'ol-
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lowing orul odmi11iAtn1tion of cynnocobnlnmin-~7Co with 1md 
\Yilhout intrinr;ic fnctor. 'I'he percent recovery of the ii;o­
tope in normiil potienis is 3 to :!5% 1.md in 1>erniciorn:1 onemin 
0 (,O 2.5%. 

bJCr•tfll.(god 01·yt hrocytcs nlso ore uAed in studying t.he 
effects ofvnrious compounds, such as the nonstr.roidnl nnti• 
inl1ammntory drugs, on ttustrointestimil (GJ) bfoeding, 
'l'hc patient's blood cella are lttgged with r,•cr ttnd the agent 
under test. ia ndminist.orcd. If GJ bleeding occl1rs, there fo an 
incre09c in 61Cr content of focol i;n1111>IM na Ii result of blood 
!oil$ into the lumen of the GI trnct:. 

Mensuromcnt of the a bsorption of rndionctivc iron (~~Pc), 
itll tissue distribution (liver, spleen, 1>roc<Jrdium, Hrternl bone 
marrow), plnsm11 elimination and urinary excl'ction ost.ab­
lisl1 vnrioua /1Jrrokinetic pClrameters. Iron is absorbed t:<> 
tho g1·entMt oxt<lnt 11$ tho ferrous salt in the uppo1· small 
intestine, Abs01·ption is dccreMed in il'OI) ovol'lond, Ol'yth-
1·opoiesia ond vnl'iou!! maligmmt, inflammnto1•y or infecl.iotil.l 
diseuse11. Iron is t1•un!lpmtcd in plnsmu bound t:o transfct•· 
rin, 1\ specific il'on-hindinK protein. Alterations in pln~mn 
iron and irOll-binding capacily are scon in pregnancy, thulns· 
scmin majur and iron deficiency (hypochromic) anemia. 
Irnn fa stored in tho liver, l)Qne marrow, skelot.nl musclo nnd 
splcon 1111 forritin and hemosidllrin. 'J'he doily tul'llovc1· of 
iron is about 35 mg, primarily from 1111 "tirythropoiotic labile 
r>ool" in bone marrow. 

Hemosidemsis ia Bimply an inc1·caae in iron ~1.tway,e, 
who1·ons hemochronwto.~is cfonote1; inetea1;od iron st.ornge 
with nasocintcd tisHUc damago. Both of tho.so r;tntos can 
result from orul or parentcral medicinal/transfusion iron 
overloud. Iron excretion ill limited um.I occurs by dosquam11-
tion ()f iron-containing cells from the bowel, skin and urimuy 
troct. 

Iron-deficiency anomif1 is n symptom ond ll(}I. fl d iS(!li~C. 
'I'rentmcnt is based on evaluation of fenokinot.ic pnrnme• 
ters, correction of hemoglobin nnd tis1me--iron deficiency and 
recognition of the underlying cuuse (eg, chronic blood losti), 

Blood Coagulation--Hemos1.asi11, the arrest of blood 
fl<>W from II vc&sel, is regt• l<1icd by 0xtrtwascular (mua<,lc, 
skin and aubcutnnoous tissue), v11sculn1· (blood vessels} l\nd 
intrnvuscular (platclct -ndhosion, clot,retrnction nnd blood­
coagulation) mechtH)i&nu,. The following discussion will be 
limited to those l>l'(!CN;ses l'Olutcd t.o t.hc blood-co,,gulation 
mechunism. When blood is allowed t.c, clot,, t.he froc-flowing 
liq,iid is converted into Q fit·m cell clot:sorroundod by serum. 
If an 1mticongulunt is nddod t<l blood, congulation docs not 
occur and the blood coils nrn 1m11pc11d1id in a liquid pha!!e 
-plnBmn. 'l'he clottin(! mcchnnii;m involves three stliUC~: 
the f<>rmntion of plosmu thromboplastin, the CO!lver~ion of 
prothrnmbin lo lhrombin and the conversion of fibri11ocen 
to f ibrin. 

1'he fote1·11otionnl Committee on Nomcndnt111·0 of Blood 
Clotting Fnctors hnR 1111moricnlly designated the blood,,c:01111• 
ulntion factors ('J'abl<! II). l•' ibrinogcn nnd Factors V um! 
Vlll ore ubseut in normal blood :1Grum as a reimlt of the 
clotting procc11s. 'l'he absorption chm·m,tGristiC!! of ccrt.nh1 
blood-coagulation fncl.ors on cnlcium phoaphat.o 01· bnrium 
sulfate are used in the diff<mmtiol onolysis of 8))(lcific foc­
tora. 'rho intcmwtion of coagulation foctot·s m11y he initint,od 
through either U1c intrinsic 0 1• 1::xl.rinsk puthwuy$. In U1e 
intrinsic system all the factors are proscmt in the blood, while 
the extrinsic system is activt\l.cd by the l'elense of tis1:1t1c 
thromboplnstin. Figure 28-3 shows tho nctivitio6 of both 
))11thways to fonu II atnbiliicd fibi-in cloL. 

In 8tl\f(C l of t.lic s\on11,llnt.ion 1>r<>r.Css, t.he emit ,1,~1. M inju1~d t.isuuo with 
blood r¢$\llts in 1,hl: uc\jv(ltfon <>f ]<'(letol' XII, whit.h YMCts with c11lcinm, 
l'TA, l''l'C, AliU ,rnd J•'11ctors IJI, V mHl X to yield int rinsic Ill' blood 
thromb .. pl11~lh1. T hi~ ~liqW normolly io completed il1 :~ t.o (, min. ~:x ­
lrin~ic or tis.~ue thrombt>plu~t.in is formed rnpid ly ( < 12 ~e<:) in vl\riQ11s 
tik3UOk !n the l)(l(ly ~\tCh 11~ lull(( 1111d bruin in t.he pM•cnce ,,r c11ldum 111111 
l<'t1dOr$ V, V II nnd X . 
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Table II-Blood-Coagulation Factors 

Synonym 

Fihdnui;m1 
Prothrombin 
Thromhnpluaf.in (f.11;.~uc) 
Calcium 
Lnbilc fnctor, 1>r<>11ccclo1'iil, Ac glohulln 
J\ccmlorin 
St~blo fnctor, 1>rnconvcrti11, scrum prnthromhin 

c:onvornion accelerntor (SPCA) 
A11Uhemoph1Hc globulin (AHG) 
Chrigtmn~ f11dor, pl11N111111.hrmnhoplo11{.i11 component 

(PTC) 
Stuart-Prower l'nctor 
Pln11111a thrombopl1111ti11 11ntccodo111. (l''l'A) 
Hoge11111n f11cwr 
Fibrin-8tnbili1,i11~ foctol' (ll'SP) 

l:~ttll'l~lc, 

111 (T ir.~ucl Thrornhoplnetln) 
Vil 

(Vlll ·i· Cn" <· PL') Cn1 .. 

X - (V t PL 1• Ce20) 

(Pi'othrombi11) f l - Thromblll 

I 
l' lbr inooo>n -- Fil>rln 

T hrorn!Jin 1 
XIII---- X III A .._ 

Cn1
' 

Stnblllzocf f' lbrln Ciot 
• Pl11tolot I lpld 

fig 28-3, Blo<XI Coagulation Process. 

fn St-0i;e 2, th1·omboplo~f.i11 cnt.tllyios Uw convcmicm ofprolhrmnhl111.<> 
thrnmhin (ll to 1,, ~~cl ,n f.lu; 1>•~.,,cnto of 1111ctor• \I, VII, X nnd cnl<:ium. 

In Staiie ;l, the t.hrombin rntlidly converts fihri1u1K<m into filll'in, which 
t,hon formR II Ml.work of fih1Jrs th11~ trllf>~ rod c11lh and thu6 form~ t,h<; 
blood dot .. 

Although the cxut:I, nnturn oft.he 011zymntic aequcncefl in the 
<:oagulntion pro<:ei1s is not. clonr, it Is definitely n biologir:nl 
nmplifkation process Mtnrting from the sinnll rC1.1dion of 
tillsuo eont!lc:t to m1>id conversion of l'ihrino~en Lo fibrin. 

Blood containii naturnl inhibitors of coai;-ulation Jjttch aM 
antithrmubin, hepai·in ond nntithrombop)aijtin, which can 
prevent 11 pnrticulnr react.ion in th(! congulat.ion sequence. 
1'h(l dia!!olution of blood dots occm·a hy tho nctiou of the 
blood prnteolytic eniymc~-plusmin or fihrinoly1:1in. Pies­
min is formed from its 1lrcc11r11or, 1>laaminoi;-en, after ac:tiva­
ii(m by tissoe nnd body fluids or 1mbsL11nccs of btictol'inl 
origin (stror>toldnn~<1). 

'J'hc routine tcHl.ll performed in the coognlat.ion laborntory 
aro indice11 ofva8c11lt1r function (vascultlr ph11ae and plnt.elet. 
1\dhellion) or i111.l'inaici clotting mcwhnnisms. Dct.01·minn­
tions of /Jlcwdin/./ time 1111d capillary /l'af!ilil.y prnvide osti-

l 
I 

. j 
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502 CHAPTER 28 

mutes of blood cOlll(Ulntion ill the prcsmcc of pl11t.elot.s 1111d 
tissue M v11sculnr fac:torn. In the lvv met.h1,1cl for det;erminn­
tion of C(lf)ill<Ll'y l>foedinl{ 1.ime, ; blood pre!IS\H'<l euff i1; 
1>l11cncl on the forearm nnd iunflt:od to 40 tm·r; A p1111ctu1·0 
wo1111d iH mudc nnd 1-lw timo i-r.quired for bleeding IAl stop i11 
noted. Blee<ling lime ia a i;(:r(!Olling teat for disorderll of 
plnt.cl(lt: J\mction (H' vru;(iulm· defects but is \Ul\11\lly noriMI in 
congulnt.ion d isorder~. 'l'he I.est is useful in the difforont.inl 
diagnosis of Von Willeb1·nnd's (reduced foctor VIII , with 11 

normal bleeding time) disc1111e from mild hcmophilit\. The 
normal hlc!iding i,imo, as dc,,termined by this method is 1 to 9 
min. Dextrnn, pimtoth<m,vl nlcohol, 11nd derivatives, ptmi• 
cillin G, nonsteroidnl 11nti-infl111nmnt;ory drugs und i;tr(lpto­
lcino,:;e-st.re1>Lodornase m11y cnusc II prolonged blcodinc: time. 
The SimplatlJ 11 (General Diagnostici1 Div, Wamar Lam­
b1?rt) fa « sf,1\n<fardiZ4.ld, dispositble, springlondod bleeding• 
time devic<1 fo1• plnt.elet: functfon testing. It ui;ci; t.wo !Jludes 
thfl L rirc 1°f!lenscd outomnticnlly to produce Lwo uniform inci­
sions 6 mm long x 1 mm deop, mnking the pi·ocedurc roliiible 
nnd rcpl'()duciblti. 

'l'he <'.OJ)ilfory fragility or t.ou.rniqiwt test i11 hnr;od on the 
incidenc<.! of pctechi«e (small red nrnrkii) format.ion prn­
ducod by nn inflot.c<I blood pressure cuff ove.- 11 Ii-min period. 
Normally, 11 few t.in.v 11cWchine may appear, The most. c,>m· 
mon cnusc of abnormalitie~ in vni:1colm·-function and plote­
lcL-udhcsion t..eiiL!l i~ thromboc~'tc)penii1. 

An antily8is of t.he irl/.rinsic coogu/a/.ion mech<111ism iB 
t:01wcrncd with t.h<i clet,crmin11l.ion oft.he levels of t.hc sper.ific 
clot:ting fnctor6 in whole blood. In pr<1liminl\ry st,ucliHs of 11 
i;usp<ldod hcmorrh111,tic diHm·clc r, dctcnninnt.ionli of coagu/a, 
lion tim.e, dot retmction, platelet. cou.nt, lile1!clinfl t.imc 1111d 
c«pil/ory fmgility usually ore performed. 

fn I.he Lee-White procedure, the c(mgul11ti<m Umc of whole 
b)(lod i~ del.crmincd in regulnr o.- si licnned tubes. Nol'mnl 
vnlucs 11rc 8J, t.o 15 min in gloi;s 11nd 19 I~, <l0 min in sili<:onod 
tubci1. Anlicongulnnts nnd tetrncydines mny cnu11c iu­
crnaimd tim!!K while corticosteroids and cpi11cph1·ine <:nuse 
decreased values, 'l'he silicooiiaiion of gll\ssw11re J)revents 
pln(.())cL nggrnr1ntion and thus, ddoy1; <~oagulntiou. The snm­
plm; used in the 11nnlysis of congulntion time 1u·c then in­
i;pected nt O.f>, 1, 2, ,1 nnd 21 hr nfl-01· clot.ting to dutermiuc the 
time required for the varimrn phm:111s of clot. roLraction, The 
tube:s 11ltlo 11re observed for evidence of clot. lysis o; dissolu­
t,i(.)11. Th<l clot normally will stnrt to rctrnct. in ao min, 
com1>letcily rct.ract wiU1in 21 hr nnd sh<lw no cvid(lnc<>. of ly~ii. 
over 1172-hr pea·iod. Pl'Olongcd coagulation timos nre llll.'loci .. 

uted with lie.mophilin, hypofibri1101~cnomia 1111d Paclor IX 
deficiency. Abnormalities in nny of t.liesa losts indic1.1W the 
requiromonts for ful'thcr congulntion studi<!S. 

The pmthrombi.n Ii me. te.~t ii; 11 m<iasure of the levell; of i\11 
co11gulntio11 factors, except Ill, IV und VU, nnd is nn ind<ix of 
the capaciiy of plaijma t <> form t.hrombi11. In tlrn ''One 
Stage" teKt, lhe pln6ma snmple is mixod with cnlcium d1lo, 
ride and 1.ii,sue thromboplnst.in, ond t.he time required for 
fihrln-cl,)t: formnt:ion ii; determined. Rci111lti, fir(! compllJ·c,d 
with II normnl 1>l11sma cont.rol, rrnd Lh<l r>rothrombin Li me is 
reported either in seconds 01· as U1e pClrcont of p1•ot.lwomhi11 
<:olculaw<l from a 11tond11nl n<:Livll.y c11rw. Curi·cction 11Lud­
icil usiug normul :'lerum, adsorbed normol pl11sma or whole 
normnl ph\llmi\ added \.o Lest; sm·11111 indicllto deficiMcie'l of 
J<'11ctors VII and X, t,'nct:or V uml I•"i\ch,r lI, respecLivoly. If 
none of Lhe8c additive.~ shorten tho prnthrombin t.ime, 11 

circuluting unticoaffulunt problem e,111 he suspected. 
A modificnt.ion of this technique (the proth.1·(1mbin-pr11-

oonv(!l'tin procedure) usil111 u 1:10 dilution of bot.h 1>atient 
and co11t1·1)l plru:ma in tho p1·oi:011ce of p1·oth1·ombin-frec 
pl1.1B111a 1.18 1.1 8ou1·ce of l•'11ctors I and V, is n more sensitive 
index of SJ)(!cific deficioncie6 in prothl'om bin, 11\\ctor VII, lX 
andX. 

Owrcn'11 thr11m,/)()lc.~l, us p(wfom1o<l on whole blood, is 

aensitivo t<l chi.1111{08 in bot;h extrnvusmilnr nnd inLl'tlVllijCulnr 
clotl,ing mechnnisms, including fnctor IX. Tho dosnge of 
ant;i<!ongulAnt drngR, such os dkwnArol, ia odjusted in nccor­
dnnce wit.h prnl,hromhin-time dct:orminnlfons; pttticnl:s 111·e 
mnintuincd usually wit;hi11 11 thernpm1tic: l'llngo of 20 to -10% 
of pr<>t;hrombin nclivi ty (norrnul rnnf(e, 80 io 130%). R<l­
duced proilm>mhin lovols, wiU1 p1•olon11,<1d 1>roU1rombin 
timOA, 111·0 obsc!rvc:d in vitnmin I< del'icienc,v, hernorrhof(ic 
dis!lm,e of Urn newborn, exce8~ivo nnticoagulnnt Lhcrnpy, 
liver nnd biliory dfocnsc. 'l'he intllr1wtion c.1f ot.hor drugs 
wi th a11tico11gulan(.r; may t1tlllKC incrcn8ed prothrombin 
t.inwK. Drnwi imch 11a Knlic:yl11l,es, phenylhutn:r.one, cixyph<m­
butazonc, i11domoth11cin 11ml 11omo 1mlfon1Hnidcs increuBe Lho 
nmount of nctive antico11gul11nt nctivit,y. Other drugs de­
crcose the 11mou11t of vitamin I< J)roduccd hy gut b11ct.eria 
which includ1i chloramplwnicol, kt111am.vdn, neomycin, 
sLreptomytin 1111d t.hc sulfonamides. 

'l'hc pruthroml>in <:<J1Mw11ptio11 t,esl is an index of tho 
afficicncy of (:onvcri-;ion of prothl'ombin t<l thrombin in the 
congulation pi·occss. The blood AAmple is nllowc!d t.o clot; 
under atandnrd i:r.od condition~ 1md then tho quontit)• of pro­
thr<>mbiu cmn1>lox removed in the serum is dotorminod in 
the p1·es(!llce of extrinsic fibrinogen. At. Jcui;t 80% of the 
J)l'Othl'()mbin iB consumed normally. Redltlied consumption 
of prothrombin ( <80%) i~ ob~ervcd in congulatio11 dcficien• 
cie& {hemopbilin) relnted to thromboplniitin geneu1t.ion. 

Ot,hcr (.ypes of coaiiulat.ion tc:1t.11 detect. dcficioncici; in 
t'l1mml>ophr.~1.in g(!/wmtion nw,:hcmism. Th<! thromhoplos­
tin f/enerat:ion time tef1/. ('J'G'J') provides a moan!! of dctect­
in~ specific deficiencies of Foct.ori; V. VIH, IX, X, XI or XU, 
1n the initinl 1>hase of this pror.-0duro the dotting time of the 
pntfout's ndi;orbed 1>lasm1t is determined in t.he pl'esence of a 
~1.nndnrdi:wd plflt<!let. fador reat,:<:nt., calcium ehlorido, 1>lns­
m11 substl'llto rnngont (Factors I, II nnd V) and the pntient's 
serum. lf tho clot.ting tJmo is nbnorm11l (> 16 ~ec), furt.lrnr 
t.csb nre performed with tho p11tient's plasma or scrum. 
'!'he udaoi·pti<}n <)f l:hc plasmn Rnmple on bnrium sulfate 
removm; J<'nci;or11 IJ, Vil, IX 11nd X llllll focili1.11tosdifforentin­
tion of II Factor IX t:o X from V to Vlll clefid encv in 1:hc 
thromboplRstin-gcnornt.io11 !ll(lcho.niAm, 'l'hromb;►plnRt.in 
generntion if! rnduced in homophili11 nnd U1r<)mbocyt.openin, 

The ,w,.ilwwd pilrlia l t:hrmn/Joplrt.~tin time /.est (PTT) is 
bnsod on tho l)bllerv11Lion t.hnL hemophilic pln&lM h11a II n<,r­
mnl dotting t.imo in the pre11<mce of II complcto thromboplM• 
I.in (extrin~ic-i;nlino oxl,ruct. of brnin t.isinrn), m, mwl in pro­
t.hr()mhin dot.orminat.ions, bot. will r,ive ll murkodly pro­
longed dou.ing Lime with un incomplr.t.e t.hromll()plnstin 
(c<lph11lin). Cephslin is a t.hromhopli1sti<:, et.her-soluhle 
phor;pholipid fnet.01· wi th plA.telut-like acl.ivit;y. In this test. 
th(i duU:ing t.ime of tho pat.ient's plasmo is determined in the 
pres011t\e of 1\11lcium chloride and activntcd <:cph111in, This 
toat is osc{d primMily to doi(wt doffoi<mcies in Stllr,ti l of the 
congulntion mech1111ism and i~ rnthor sensit.ivo to chonge~ iu 
l•'actorf\ V!Jf nnd IX, Ill! 11een in clussicnl hmnophilin 1111d 
l~1.1ct.or IX defioioncy (Hemot>hilill B or ChristmnB disenije). 

Ju Stnge 3 of the c0Hgul11Lion p1·oceBs, thl.! p1·ei;e11co of 
nde<1u11t.e JevelK of fihrinog(!n nud thrombin i~ cl'iticnl. J<'j. .. 
/Jri1111nen leuels are unnlyzed smniqu1mtit,11tively by deter­
mining th<l clotting Lime of a dihll:ccl p lnsma ;,11mple in Lhe 
presence of extrinsic lhroml><>pl1rntin. Thi~ test is bni.ically 
independent of prothrombin levehi, li'ib,•inogen coneont;rn• 
tions of 125 mgo/1101· grnntor nrn udeqttnte; deficiencitis (hypo• 
fih1·inogenemiA.) have be!?ll ob8erv(ld in liver dise11i;e, cn1•ci110• 
mntol!is und in cert.ain complica~ions of pl'egnancy. 

lncrenHcd level!) of fil>rin!/t{cn dewadatfon products 
WDP) havo bMn dtlmow1tr11t.ed in serum duo to prim111·y 
tlcUvntion of Lhc filwinolytic $yst.em (pothologicul fibrino)y .. 
sis) or by get:ondory nctivntion following increilsed blood 
clotting (dia11cminut.ed intruvm1cular coogulntion). 1'' ibl'ino­
gcn (mol wt ~1.4 X 101;) ia de"rnded !lequenti11llv to frnamcmt,!I 
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X, Y, D anJ g wi tJ1 lll<JI wt,q of 2.'l, J..6/i, 0.8[, und ().5f, X l Ofi, 
rcspccUv,!ly. l~rnl(mcnLs X nnd Y urc 111ore 1>0LcnL nnticoap,­
ulun ts t:hnn f1•11tpnn111.,1 I.) and g 1111d nrc: 1-c11p(m$ihlo for h(Hll · 
i>r1·hugic :it11\.c~ in dufib1fo11l.in11. Complcx11s hctwocn l'lbrin 
monomer, frlll(Jllunt. X nntl ()Lhor FOP intc,rforc with lhmm .. 
1.>0J>lusLin 1rc,ncrilt.ion unJ p lnt.clcl. formation. l•'DP i:,rn Ix! 
lll<'!i.1$Urcd by immu11olo1:icnl 1.1:chniquc1; involvin1( lal.<• x Si/· 
r{lutinat.ion of part.idti:; Hensit.iv.r.d wit,h Hpndfic 11111.ibodiQs 1-0 
l~np or hy II hem1111lu1.inat.ion-inhi l.iit.itm l.o.~1-. 'J'hc nonnnl 
luvcl of surun1 l~DP iH i!JJ :l: 2.8 i1r,/ruL. Jncrcilsnd lnvols ure 
a<wn in 1.wu1.c myocnrdial infarct.ion, m<msLrnot.ion, compli •• 
c1.ttfon~ of pr!ignancy, hypoxfr: ncwborn8, malignnncy nni.l 
rcnnl disMi1c. 

D1ificiuncim; in Lhci doUin« moclrnnh1ms usu11lly c:nn be 
corrected 11m'l-ially nnd t.ompornrily by L1·11nnl'usio11 (1f norm11l 
blc10cl or plMsma. Whon thi~ foils, t.ho p1·os@ce ol' cfrwfol .. 
in// <111-li.:11<11111/cllll.s {nntit.lll'omhin, nntiUiromboplasl ins, 
h!!J)flrin) mu~t. he considered. lfop11rin nets indirn1:tly hy 
1110,uii; of ant,il.hrombin l ll, whid 1 neut.ruliz<;!i sevm·1.1l t1Cl-ivM­
od clot.Ling l'uclor~ (Xlfa, activ(l(.<!d Vie1.r. her facwr, Xia, 
IXn, Xn, 11:i uncl X fllo). The phnrmncologicnl cffoct. (lf rtn 
orul nnt.icon,:ulont. i8 Lht:1 inhibit.ion of blood doU-i1111 hy in t.1,r­
for ing wit.I\ vit.1\min l<-dopondo11L clot.Lin1i filcl<)I'~ .II , Vil, IX 
and X. Circ:ul11t.illg nntiC<llll{tilMLS are d<Jl.(icl,cd by de:,(.er­
mining I.ho ciffect of normal 1>IMm11 011 tho clotting l ime 
(rec:alcificalio11 /.im<>) of I.he f)!ll-i<mt.'s oxfllnl.od plm,mu in the 
prese11c1i of cllkium d1lorido. If I.lie nddition of 01~i 11<.11·m11l 
phtKma d f)(:ls not ~hort en the prolcm{red rncaldficutfon t.imc, 
a circulnt.in(! ontfoc,ogulant st~1te c1u1 be report.eel. 

Sincl'I the cnd .. point of all co11gulntion l<:sts is tlrn cunver-
1;ion of Fibrinogen to fibr.in, it is vitnl th111. the miulyst rigid ly 
~lnndardi:w his concllpl.~ of fibl'in formalion in .vhmnl rr..c:ord­
inti procedures. Tho use of mechauic11I insltumcmtation in 
U,e dttt.c<:til)n of clot. formation 11ig11ific:1111Uy h1.1~ incremmtl 
t.he f;li111dn1·diz11(.io11, ucwrocy nnd l'eproducihilit.y of co!igu ­
luLlon pl'occdures. 'l"ht,sti inslrnmcnts measure und rc~cord 
t.ho procnm1 of fibrin rornintion viu incrcu~ed turbidity (co­
agulo1p·mr1 or photumot.ric dot clet.(Jct.ion) or ch!l11gr.s in olcc,· 
IJ.·icnl conduct~rncc in tho ro1wt.ion mixt.1.11·01,. A~ wull ns per •· 
fo1wi111~ routine lnhol'atory tm1t.1S simullwicously or 11oqlulll• 

tiully, UJ)dllt.ed 8yst.cms con nm Fibri1101ic11 nnd 1"1H!tor llli­
sny~ achinving- rnpid i.hro\lghput. und uc(:111·ucy. N<iw 
porl'ormanc:c fca\.uro~ nrn avuilublc wit.h mony <>f the! nut.o .. 
mat:nd coswrlaLio11 ins trumcnui. '.l'hc11e include moni ts>l'inl{ 
tcmpcrnuiro w11r.s, lligitul di8plu_y,; of Ute individual cloU.ini, 
ti ll>cll, (tul.omtitic dilutions or ))11(.icnl~~ r;Hmplc:; nnd program • 
m111.)ln parumctei·s for W$\.intl f'loxihilit.y. 

J-Jem.ophili.t.i is u clasi;ic dc!ficicncy of antihemophilic glob­
ul in (AHO), Christ.mo~ cl ise11HP. uf PTC und )fogcmnn l.rnit of 
l~uctor XII. Hercditnry or 11u1uirnd <lofi11i.cmcio$ <if !~actors 
H, V, VII, X 11.nd Xl nl:m are att:;(H:iut.cd wit.h di~r.oim lll:ttl.cs. 
T ho J>TIX:CflS uf blood coagulatfon, 1)1111l,v11 is of' co11p,ulnt.io11 
fac:f,tffS nnd int.crpretn t.ion of ra.~ults comprise a hif.{hly cc:i rn ­
pl.ex nystmn. Tiu~ cou1~1ilntion lnbon\tory and 1.he phy;;ic;ion 
funct.ion Lol{ether in t.hl\ diur:no!liij 1md tniuLm(c! nt of ~~011i;ul11 • 
ticm-del'iciency di$Clll'I<'.,,. 

131ood-Bank Technology 

Blood-bonk technology int.he modern 1(11)ornt.ory ill part of 
t.hu blood .. tru11sfu~im1 service. As whole blood l'or LrM1s­
fllsi<)I) •ind it.>l compontmf:,; nrn hiologicnll.v active t.horape11tic 
~ubstnnc<i.~, n c,omplet'e n1111lysis of Lheil' chem icol nn<I biolog­
i<:nl ch1.1roet.l!r istics ii1 vital l.o the alll:luru11cc of AU<'.cnssful 
Lh1~r1tp1,u tic ot'focls. T im t.ri11);,;fw1ion llm-vi<:o is rr.i1ponsible 
for: 

I. Hcct!ivin1: ,uul cKmuiuinr. d 1J11, donor. 
!I. Colln!:t lnr,, 1m>r.e11Ainu nnd slorinr, \he bloud . 
:J. 'l'ypin1: ol' r11ci piunl 1111(1 dum,r l'or i\ l.lO nnd Ith hJ.1od-gro1111 foe. 

1<>1'$, 
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'1. Con~ptt(.ihilil,)1 (l·roAA• mn1<·hi!ltO tf'!::l.inJ; lu•forn u·nu:;l'usion . . 
S. ls:111111g of hl<1od fc,r I r1111sfrn11on mul ttKI rn,·or1,1ir~al cirt:sll~uou. 
(i. Bvi1funt-in(t f.rnn~rusio,1 r.o,uplir:u\io1h•. 
'/, P<,rformitlff. ,,f fi)H~dn l i~lH'oh>1dcnl lunfa pcrtin<ml fo hh,od (:11tlllp;; 

nnd o(.h(11· foct.ow. 

In tliis sccticm tl di1;\'t1'4:;ion of p<!rLinm,t f,wlor,; rch11.ocl to 
t.hc various p)Hlij(!f; (If I.ho l.rnnsfusiun f;crvi,:(• will IJti pr1•sonl.· 
nd. 

Uoeoiving nn «J E xnmi11 ing <>f 1.h ti Douo r .. A compk1t.o 
n,gistJ·y4 oi prm;pcctivc, donors :dmuld be mointainml, wilh 
~pcdfi<: rofo1·0J11:t\ lo age, sc:x, wr.i1rh1 , 11ddrosi;, oc<:u1H1f,io11 
l\lld 1.oluphonc uumb,ir. Compu(.criv.ed blo(1d 1.mnl<ing h,rn 
incrn11sed t,he cfficicmcy of W1i.Slc'<.!rvit:u. Donms llhould pref· 
erahly b(! botwoon Lhc 11r,cH of 21 and (iO nnd s houlcl weigh 1111 

lci,s Lh1111 11 () lh. 'l'he dmw1.· may bt; roJectod 011 UH! b111;i~ 111' 

1>revlo\1s or aclivt, incidcmc!! of' cmtnin mkrobinl d illOfl8C!I 
(t•l;currn11 t m.1l11ria, r;yphili~, iufoctiouK cir homolo1ions suru111 
hepolhis, Lulmrti11losis), hl<:mlin1: ubn(mn:-ilitit<$, convul­
sioni1, nllergic 11ynd1·omc11, 1:1kin or hunrt. distim;<:s, diabl.'l.Cs, 
ulcohol 01· drnt~ uddiclion, 1>nif(nancy 1 c:rm<:n1·, rncr.nl. i111 mu, 
n i:,.ot.ion wil11 livci vaccim, prodncL, 11<',quirod immune ckfi -­
cionc:,v Hynd romc (AIDS) or blood-pressure nlmormnliLies 
(11ccr.p t.nhl(J blood Pl'f1$:,Urn; bct.we1111 100/60 ,md :?.00/JOO; 
pulnc rnt.c: 00 I.O l.2/mi11 ). The sc>•tt(\11ing of blood for <:xpn­
wrc t.o human immuno<lol'icieucy virns (HIV) ii; cruGinl 
to rn1h1ci n1~ the ri8k of info(:t.ioi1 fron, imnsfusion. li:LlSA 
(c)n·1,;y111c-linkod immuno~orl.Hm(. um;ny) Hcrnnnini: t.u~ l-8 f\11' 
t he 1fol.oct,ion of u11 t.il.1odi~$ 01,:ninst. H JV tll'O i\vailable r,•0 111 

m11m1fncturers. !\fore son~it,ive to~ls aro bein:~ developed lo 
dnioc:t. viral DNA in body fluids. 

A period of u(, lc,ost. fl wcl!ks sho11ld how: <ilnp!ltid sinct~ 
bloo<l was wi thdrnwn imd t.Jrn bloocl hemoglobin l1ivlll 1:h~1\1lrl 
he 12.5 Lo 13.51;:%or grc11l.()r. Sc:rum hili1·uhi11 and 1.r,m >xuni ­
nt1sc levels ulso 11hould ba 1~vuh.111 t.ccl in dcmr)r:; wit.h prnvious 
il1cidnnr,1i of juun<l iCt!. 

Collocling, :Procc1rni11~ nnd St.ol'i111i 1.Jw BJoocl-··· -1\ uiur­
niquol is aJ)plictl to the nrm or Lho donor l.o ocdudc 1.he 
vtin o11A mt.urn, thu ,;kin Ul'<l!l is :;t<irililr.cd and Llw hloocl is 
w llect:<id by vonipunchuo (phlcl.111t.omy). NI B Fornwln A 
or B [t\CD(Acid .. Cit.r:11.e-Doxti•o!>ia) or ACD-phosphuttd :,o· 
lutiun:1 nrc u~cd llll (!llf,i<'Alllltulanls in tho s!crilC! hlood-col­
luc\.in11 contnine1·"· f.:v1w11ntetl cont.11incn; nwy b<i of rnr(ulur 
or sili11onod r,li\ijij; collu1miblc plasti<: conl.aill(,r·s offcl' m1111y 
advanl~1gc1s in donation, l,lolJt.l-honlti,111 ond 1 .. rm1sf11.~ion l>l'O· 
cecllll'Cll , 

Tho }>ro11crva\.ion of th<:: l'Cd colli: i11 blood is illlpJ'OVlld l>y 
t.he compkto ,·emovol of truppod air i11 Lh!! bloo11 .. 1~111<i<,l,i(,n 
nppi11•11L\li;, rapici coolinf.( 111'1.(,r colll•ction :111d ~Lora1;0 111, •1·" . 
Properly colleclod whole blood is 11suoll,v :;u1l,Je for 2J dnys 
ul. 1 to 6°. 'l'ho d(ILeJ:ioml,i011 of wholt! blood is H?iulod Lo 
incre1.wid ccllulur fl'i1gilit;y (ini:rc1l~<,d plosllltl J<• ) and de­
crena~d glucose 11Ulizut.i(Jll. Blood which i., used for ,xiri'Ct:• 
Lion of' any blMd ing tandcncy or cfotlinl{ dcfc<;l shvt1ld I)() us 
frm; h ,rn J)O$siblo. L<iukocyU:$, plnt.el«its a nd 1'':tcl,or8 V and 
VJII dotcri<lrntc in ~tm·ed plilsnu1 i.ll' whole blood. 

ABO Hloo1l-Gi-ou11 Cln118il:iOot.iou''--Hum:m 1•cd cells 
cnn ho classii'icd into vnrious groups or l:yJ)CS on l.lrn bm:iN of 
!'cnctivity of certnin blood fact.ors (<tlt1,/! 1.1 tiJWf/c111,~) loMl,c)d on 
the crythro11y~c mnmbtllhu. 'l'lrn I ,nnih;l:eincr syatom {'J'o .. 
ble TH) for the four l,Joocl r:rour,s is ll!rncd 01) the Jll'C.'«ll\CC or 
aO!J(lllCO of eithur A or B ar,glut,inogeu on lhc c<:11 ~11rfuce 
(Group A, 13, AB 1) 1' 0, rc:,}.llmLiwly). 

S11rnm docs nol, contuin the nnWx,cly (a111:lutini11.-f1iM 
lypc) for the nntit~i;n prescnL in an incliviclunl's owu red cells, 
but. d(io111:0111.nin the isonrrl!IOtinill {<lf;, nnti-B in blo<l(j i:roup 
A) due l,(> cxpo1;111·u, <mrl.v in lil'c, Lu hMlc,l'inl ond plunt 
11nti,:1m~ Himilnr in strnct.urt1 lo [.ho t\-B 11nli1fens. 'l'he 
clumping or :iggl\1lfontio11 of I.he rc,d ccll:s by react:io11 of 
uggllrlinni:en wiLh 1Jr,r,l111.in i11 iH u:md in blood •1(ro11ph11~ 1.ech­
niquee1. In ccrLuin ini;i,mcc~ hemoJy,.,in 11n!.ihodic:1. 111·c1;cmt. 
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504 CHAPTEH 28 

Table 111- Blood•Group Systems -------- -
Honctlon• Hut1c:tlon• l'r<iquoncy 

Blood AQglulfnogon Aoo1t,11111n withAnU•A wllhAnll-B (%)111 

Group l11Coll in Soru111 Sorurn Sorum (',nusosl1>nB 
_ ,..,_,, ........ ,_ ................ _ .-.. ,...,,.,. ,,. .... 

A A Anti-I! + 1 J 
B n Ant.i-A-A1 + JO 
AB AB Nono + + ,1 

0 Nono Ant i-A 4f> 
ond B 

in 11enrn1 contnining unti-A ur anti--B nllf( lutinins, cnuRe the 
clii,rupUon of cells 1rnd rclMae of hemoglobin (hemolysis). 

Humi\n blood col\a nm f(rouped hy two Hepnrote reat,t.ions: 
cellultn or "front." groupin{I and serum or "rcv11rse" group­
ing. The blood grnup ordinarily ii1 det.erminecl hy te,;t.ing un 
i11diviclu11l's red <:llll!.I wiU1 xtundnrdb:<:d tlllt.i-A or illlt,i-B 
scrum (ccr1:ifi(!d by tho Div of Biologicnl Stnnd11rd8, NIH). 
Confirmut,ion of t.110 blood gl'oup (rnvci·Hc typin") is nccom­
plb1hed by 1111 ,mnlyflis of nn individunl's ngglut.inin tiler. In 
lhis prncedurc the indivi<luul's 11orum is heatecl ot. 511° for IO 
min t-0 dMtroy hemolyBin8, nnd t.hen mixllcl with known 
Subgroup A1 or B1 humnn rnd (Rh-ncgnt.ive) cells in t.hc 
n"glulinnt.ion teal. Th(!so two tests 11hould be in ngi·cem<ml 
prior lo t.hc rolease of blood for t.1·imsfusion. 

Alt.hou11h humnn blood calls of Group B react uniformly 
with Ant.i -B 11crum, Group A nnct AB (,ells 1:how ll wide ranp,o 
of rooctivit.y with Anti-A m· Ant.i-A1l3 serum. Blood-group 
A mny h<l furU1er catcgo1·ized inl-o 8uh1:roups A1o A1111., A2, AJ, 
A0 l\nd A, on t.hc bi1sis of lho reaction with absorbed Anti-A, 
Anti -A1-lcctin, Ant.i-H-Icct.in, Anli-A1,i nnd Ant.i-AB sel'llm 
and t:hG 1>r0Hence of An1.i .. A I in the sel'um. Clll'1:!l in Group 0 
ii1dividunls poss<J&'> ant.i-H in t.hcit" c,r.rum nnd 111·c further 
iiubcnwgori·ied into the Bombay or 01, phonoty1>c. 'l'()~t.11 for 
A, 13 nn<l Hin nalivn cun eslnbliHh the gonot.y1>e of nn individ• 
uni, ie, A ,md H in &nlivn of blood-group A, Band H in B, H 
and O nnd A, B, 1-1 in Al3. This is helpful in r.nscs of poorly 
dev<!lopecl rod-cell nntlgcn::i or in t.hc loss of ccllulnl' antigen 
in some pntionl~ with l<mkemi11. 

As Lhe h11m1u1 blood cnll contuins many antigens wit.h 
rnther C(HllJllex biochomirJ1! oncl il11m1mochcm1ienl 1n'oJ>Ol'· 
tie6, the blood foct()l'S h1wc hocm chlsi;ificd l"t1rthm· into vnri­
ow; subsystems. 'l'hc l{cill (K), Luthernn (Lu), Lowis (l,e), 
Duffy (Fy), ((idd (,Jl,), MNS, 8ut.t<~1· (,Tt;), Dier,o (Di) ond P 
blood-fttclm Hystoms nm bnscd 011 t.he detecU(m of n specific 
antii:cn on or within the red coll by mcnllij of «ntibody (iso­
h1mwP,g/utinin) 1·coc1.ion11 with specific nut;isol'II or punels of 
1·enge11t reel C<¼ll6. Somt• of thcKe fodor8 fog, Kidd, l{ell and 
Lewis} huve been involved in trnnBfui;ion renctioni;. 

1'11(1 llb -Hr SyHtcm nnil Antihuin,111 Globulin 
Tt!Ht---'J'hc prcs1mce or nbacnce of Ullo antigen in humnn 
blood is of prime importance in t.run:ifusion rMCl.ions, pnuw­
ni(.y dis1>ul.e!I mid isc.11,em1itizntion phenomena. 'l'l)(lre tire 
eittht blood H.h phenot.ypes whic:h arc determined by theil' 
rnuc:t:ion with tJn·ec ,:;pedfic ~m·1m1 n1mlutinins (Anti-Rh(), 
Ant.i-rh' nnd Anti•rh"): rh, rh', rh", rh'rh11

, Hhi1o Rho', Rh/' 
and H.ho'Rho". The rh i,:roup11 do not cont:oin the Rho fnctor 
(m the coll slll'fncc nnd nre tht~ir:nnt.ed "Rh-ncgaUvc." The 
tcrminolot:Y of the Win1101· Byslem (Rh, rh) i6 <:ornpnruhle to 
the 1"i~hel'•H11ce (CDI~) ns foll,)ws: rh'(C), Rhc1(D), rh"(l.s). 
'l'he Hosenfolcl sysl<im ll8<JB ti nmnerie11I clns~ificntion: RH J 
"'Rho. 

'l'hc obsonco of I.he Hh antigen in about. 16%of t.l1e populn• 
~ion doca not pn,clude tho p1·cscn(,c of other fnctors; the U8tl 

of specific 1mt,isern (Anti-hr' 11ml Anti-In·") hns clmnom1trnt­
cd the existence ofi,lw Hr !'actor~ (Hru, hr', hr"). J.'or exam• 
phi, t,h<i H.h-1w"ntivc cell (rb") 11os.<i1is.~cs rh"hr'Hr11 11111.i{:tlllS. 
T ho m1ti1re11 Rh0(1)) i:1 tll<l most. llot.,.mt. im111mH)1ion of oil I.he 
Rh 11ntige11a. 

'I'ho Rh ,mtibodios ore either s<t/hw t11(1tlttti11i11s (com­
pletc) or "blochin11" antil><)(/ies (incomplete). The 111!.ternr(! 
ofLhe JgG ty1>c. 'l'hey ure uRod in Rh tcstina procedures and 
nre 1>rod11cl!<l more commonly, l\nd in higher tite r, in the 
humon i1mi,1msitiz11Uon or autonntibody reoctions. Thuy 
will not agglutinnl:tl i;nlino S\lllponf;ions of normnl Rh-posi, 
tive red c<1IIH oxce1>L in the pi·csencc of II hir:h c<mcenlrot.ion 
of olbumin, i;crurn or conglutinin (AB soi·um wit.h i1lbumh1) 
lit n tempcrnt.urc of:35 to 37°. 

111 routine Hh t(,c;ting procaclur11s, n Anmplc of blood (-Oxn­
lalcd 01· hep11rinizcd) or o auspern1ion of cells in scirum or 
nlbumin is mixed with Anti-Rh0 serum on a slide or in II tulJe 
ot 37 to 17°. The 1>reeencc of clumping indicnt.es Lhal the 
blood f)OSBCSSes Rho nnligen. Conffrmul.ion of nn Rh-ncgn• 
Live l.e$t mny be performed by rntoi,tinf( wit.h Anti-rh'Rh,irh" 
Herum. 

ln Rh te.,q1:ing proi:odurei;, red cells from p11tient11 wit.h 
11c(l1tired hemolytic onemin 11ro partially CO(lted wil.h human 
@t.oantibody, nnd cell!! from orythroblnstic b1fnnt~ arc r.on t­
(icl with mat.crnol ttntibody glohuline and mny he dumped 
fnfacly by Rh t.ypint( serum conluining n high prol<lin concen­
trntion, or moy 11ppenr to be Hh•1>ositive in lhc soline-cell 
suspension test.. Dcmone;t.rntion of nnti-Hho(D) in an olunt.c 
from those 1.mtihorly-contcd cells cun help to cii,t.ublish tnw 
Rh t.ypo. 

Anti-Rh nntibodic.1 arc not; normnlly pres<ml iu humun 
serum; they moy b<i ucquircd vio iao!!Onsiti1.11tio11. 'l'he 
transfusion of Rh-positive blood t.o nn Rh-negniivo 1·edpi• 
cut, or trnnsfor of cells of Rh-positivo fotm, U1rough the 
plncent.nl bnrrier lo the Rh-nogaUvc mothel', will result in 
formntioll of nntibodics t.o H.h ogglut.inogcnR not. prcsont in 
Urn ccll8 of th11 rcci1>ion1. or mother, respedively. 

Hemolyt.ic hlood-tmnsfusion re11ctio111; and henl()lytic db;­
cuse of UH1 ncwlJorn (cryt.hroblnaLosis ft1ti11i1.;) involvl! iso­
-~ensit,iz.ation phe1wn1e1w wmnlly rcl11ted to tho 11ho nn t.igqn. 
Hr ond ABO nntigens also cnn be roii1)om1ibh, for hemolytic 
disr.na(, or the nowhorn. H nn cxpect.11nt mo1.hc,r ii; Rh· 
ne,:ntivc nnd t.he f111,hor is Rh-posiLivc, I.he Rh gcnot:y1>e of 
the father 11hould he dctormincd. If f.he fothel' is homoiy­
gou6, tho erythrocytes will co11tJ1in n pnir of Rho factor s and 
th\l offspr.inicwill inherit the Rho fact.or; ifhc is h<! tero·tygous, 
one Hh0 1md one H1·11 fnc:l.or will he prosm1t. and his offspring 
may or mny not inherit. the factor. 

If tho fot.u11 ill Hh-poi;itive, (.he mother moy bB scnsit.i:wd to 
I.ho Rh unt.igon nnd in iiuhsoq\tent, pregnnncios thi: clovelop­
ment of h igh t.itorH of Anti-Rho nntiboclia~ will l'esult in 
hcmolyt-ic disense of the fetus. Thew nntibodici6 enwr t.he 
fetal circ11latio11 vin tho ploc:ental hnrrior, C:01\L the red cells of 
tho fetus ond ct1u11c exceicsive erythrocyte destruction, 
h_vpcrbilirubinemin nnd n~socint.ed pot.ontinl fol' bmin dnm­
uge, hydropl! fot.nlis (edem11) tll\d congenital n111m1i11 of the 
newborn. ThiB Rh di1:1eu11e cnn be uvoidcd now IJy proper 
thernpeutic use of Rho(D) lfomnn Immune Globulin (Rho• 
GAM, Ortho) to prevent t.he postpartum formation of n<:tive 
ont.ibodir.s in I.he Rho(D)-MguUvo, D"-nogativc molhe1· who 
h11~ deliwrlld nn Rh0(D) .. positive or D11-po8itive infunt. 

'l'he Coomb.~' an1.iglob11/in le.~t is a method of detecting 
the blockinl{•typc antibodies, 14lobulins aud complenumt 
which nre 11tu1ch(1d t.o 1·ed-ccll 1111tigern:1 in isoscnsitiM.tion 
phcnomenn. 

In the "dii·,wt" l:e~t procedure, n snline $UBpension of 
washed reel cells i!! mixed with anti-hum~n unirlln!\ glohulin 
antiacrum and 11gglutinal:io11 ii, indicative of the combinlition 
of humim 1111Libody with antigen on tJ10 red i:ell, eg, muLornal 
incomplct.e isonntibody on infan t's red Mils in hmnolyt.ic 
disc:1s11 of t.l\C uewbom, out.oimmune, drug-induced, 11llo1111-
tihodv•indncecl hemolytic uncmiri and uftm· tramil'usion of 
in<~n~pntible red ceU"_-

An "indirect." procedure is u~ed t.o demons1J•11t:e the J)l'\'.~• 

ence of blocking antibody i11 t.!1£, ~cnun of prel{nant. Hh-
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ncgo.t.iv<l wom(m and in (.,-,.1nf!ft1sion reactions, ln l.hin procc­
clurn l.lw pn!,i<mt:'s serum is in<:ulmtcd with n suap(11rnion nr 
Group O flh .. pm,it.ive red cells; the Ndl~ 1wo wtu,hl\d nnd I.hem 
nn(:ih111m111 gloh11lin (rnt.ism·rnn is odcl<id t.o dotcict. t.lm c,int.ing 
or the l'Cd ct-1ll:i witch antibody glohulin from lhe pntien(:',:; 
;;r.rum by 11gglu1.innt.ion phen.<>nwn::i . lf ;.1mtlutinuli1)11 occlH-S 
in t,h(\ firnt. pm·t of tho p1·ocedw:<.>., u saline llfmluii11in is 111!:o 
prc$cn(.. A11ti.c<>rn1>l1mrnnl. sern (nnt.i-nongommnrdobulin 
m1t.i1>c1·um} are tuwd to det(lct l'Oaction1\ involving anl,i,,JK 

'l'he Du nllelo i» a clinically important Vllriant of the Rho 
fact,.11· nnd 11;;1111ll:v as;mciat<·:d with rh'(C} nnd rh"(E). Incli­
vidualn with l-his fuel.or im~ consitforod Rh-1>o~it.ivc, and ll1t1 
rnd cells foil t(> ,·eiwt. wit.h ont.i-Rh0 in (.h(! sr.1liM· t.\1be method 
b111. reucts with incomple1.1, 11111:i-Rhu<D) hy ot.lrnr ~tide 01· 
1.ube 1.o<:h11iq1ws. Rh-nf:\f:(il.tiv<, donors should he tcsl:cd for 
D11 f'Acl.m'. If positive, t.lwi1· blood must only be given to Rh, 
po~it.ivc rncipients. 

J)rug-Ueluted Pr.oblHms-· .. ,Helllal,oln:{icnl obnormnlit.ie:, 
may be causc-:d by !.he administl'ntion of druw, which c1111 

e,111i..(1 a posit.ivc dir<J<:I. nnt.i1.(lobulin 1:c111: ond immm)c h1:1110-
lytic 1m1:mi11, eg, Mphokn·idinci, ccphnlol:hin (l<i!/lin), mct.h­
yldop11 (Al<iome/.), pr.nicillin, t.-dopa, qui11idine, phenacetin 
and insulin. 

Coml>utibility ' l'c~8ti11g , .... cro~s-mal.d1ing proc:edur~,s urc 
de~igned t.o dtit.ec( incompti.tihili(,ies in Lhe blood of donors 
mid rndpicnt.. 'T'he I.est. is designed to IH'(iv<,nt: f.1·11111,fusion 
rc:1111\:ion nnd asi;m·c mnximum benefit to 1.ho patient. Al­
t.hough 1irroncou11 ABO grouping usually will rns11lt. in :1n 
inc:nmpatihle cro:1~ m11tch, no such prot-0cl.ion exhsts in t.lw 
Hh syst.cm, An inc(lr racUy typed H.h-positiv1l donor blond 
can result in primary ilmnunizfltion t.o H.ho(D) nntigcn if 
transfused t(I nn Hh-ncgot.ive 1·edpicnt- r~,,1· cmch t.1·on1;f11-
fiion, o major ond m.inor cro.~.~ match should he pcrfo1·mcd. 

In the mnjor cro.~s mntch (1) a saline srnip1msio11 of (.ho 
donor'i; cells is mixed with Uw rnciJ)iML'i. stinun 11nd (2) t.hc~ 
donor',; c:elh; 11ro su~pended in ,·edpiclnt's serum nr in serum 
wH.h 1.1dd1:d albumin. The $Oline ci·oss motch is nn oddition­
nl clmcl1 on the ABO ty1>ing ond moy dr.t(!.ct ineompat.ibil .. 
it:ics r.nuRed hy un1,iboclics to M, N, S, P and Lu subgroups. 
'J.'he high•pro(·,cin or albumin c1•ogi; m111.d1 cun dem<mst.l'at.e 
111itil.Jodics in (.he Rh system. 'l'h(\ pre::mnce of' 111mh1tii111tfon 
or hemoly6iS inditatf:s inc::ompot.ihility. 

The minor cms8 mntch includc1s tlw donor':. serum and 1.he 
rocipim1t'i; collll, and ii1 useful as a dic}ck ()f I.he ABO \.yping 
and an indication of the. J)<issibilil:y or t.rausfusion rmitl:ions 
c:aused by a 1·ar<! untigcm on \.h<, i·ccipienfs cells M uncom­
mon 1rnl,ihodic$ d inH~U:d 11g11inst. 11n nn tiHcn in t.h<l se1·11m of 
t.he donor. '11h() miMr c1·<,$S mo.tch ho/\ lwen replllced in 
m11ny instnnce~ with sc1·cc:ning of the donor'111t('l'tm1 ngi1inst a 
1>:urnl or pool of red cellti of known antigenicity. 

'!'he ,:ndil'ect ,,nt.i.lwmon 1tlobuli11 p1·0C(!duro ulso mui;t ht\ 
porfomwd wi t.h the i·edpion\.'s sen1m nnd donor's cell~ wit,h 
tnid without alhmnin (m11jor i.ide) nnd moy be tested with 
tho donor's s~nnn and 1•ecipicnt'i; r.<ills (minor side). '1.'h<i 
use of prot.colytic enzyme8 (hromclah1) enhanc:es the agv,lu• 
tin11tion of red t:clls b:v low•titr,r 01• wc.,ukly rMdiug Hh-Hr 
l.\ntibodics, probably by removint{ sinli<: t\cid rcsiduer; (ll\ t.hc 
HHCsmfocr.. 'l' he 1·ed colli; mmd in t.110 indinJct.Coomhs I.est, 
ill'O tro,11.od wil.h the on1.ymc 1)ri01· l.oab1;orpt ion of nnf,ihocliHs 
nnd addition of antiglohulin rcngr.nl.. 

The u11u11l crnns-ml\Ld1in1: t.ochniques iuvolw (I) I.\ roo111-
tem1>m·ature or HO" p1·ocedm<1, prcforohly wi\.h I.he uddit.ion 
of olb\lmin, (2) n hit{h-prntcin prncedtll'C 11ncl <:n llll nnti[(lob­
ulin p roceclui·c. 

Tlw 1n·ei:icnco of nonspec:ific uu.l:1J11111.ilwdicm, t:olct 1111glutl­
nin.~ a111t b(H!t.c:.rio1t<mi(: crmtlu.tintrtion ~omet.imt!S <:omr>li­
cot<:$ t.hn cl'08S•m11tchiut{ procedure,, lf t.))() 1·cicipi<mt.'1_; so­
l'llm rna<:ts mom 11trongl.v with his own cell~ than with the 
donor's, autotmUbodies slwuld h1.1 i;u111>ecU:,d. Cold ar,gh1Li­
ni11~ wM.1lly will 11m~h1l,innt<1 1111 bh)()d, r<!Unrdlcss or type, at. 
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low \,<Hnp<ii·11Lm·,,s, but. will no l rc:ac\. ni i1'1~. Am:h11.Jnt1t.ion 
aii a l'(isult of bacterial cont111ninnt.i,m of blood is called pllll · 
ogglul.inul.iou. 

Hc1>nl.il.ia 'l'm,l.i11g ...... po:1U:rnrn1fw;ion hc1m1.i1.i~ is ,issnd• 
at<ld wiU1 the t.rnnsmis1;ion of vin1s-likc1 portid{1$ 1·cfo1·rcd to 
as A1istm/ia or ~erwn liepa/.ilis (111.li./tt!-II or I.he IHipa/.iti,, 
a.m1r:ia/.e<I antigen (IJAA) . All donc,r h](11)d inw;I. be w,H,d 
for Ul!!. pl'li$E\IW<.l of HAA. Agnr 1toi rliffusion (/\GD), <:c)\lll · 
j;er<ib:l,rot)horcsii; (Gli:l'), complmncnt. fixation (CP) smd 
rhec,ph(ll'OliiA p1·ocmht1'US can he; used.11 'l'hc rh,!ophor<;si,; 
pn)t~cclurn ui:c~ :1 modilfocl 1.:nl··dH'fu:)i(ln technique for tlw 
d<~t.cction of HAA by 1)ne(:ipi t.in•t.ypr1 react.ion with HA,, 
anl:ibody. It offer~ \,ht~ sc,nf!it.h•ity (lf CEP nnd er~ J)l'OCC• 

durcs with tho i;irnpli<:it.y of Urn AGD pror.edun:. O~her 
tc1HLS for HAA (II'(: bMocl on 1·odioimmunoasnay (Hlt\) \.1,ch­
ni1111e foi· dete<:Lion oi' nntigen by lwm111mlnLinatio11 (HM or 
HA•inhihition for th<\ prcsmicu of llAJ\ antibody. ln 1:lw 
IUA technique, t.lHi donor's 80nm1 ii; ru.ldot.l t.o n tr.st t.ulm 
cont.eel with HAA anl.ibody ($oli<l JUAJ. ff (,he> !l(?l'Ulll con• 
tnins HAA, it will bind l.o tho 1mtihocly. l~f>J .. lJAA is them 
nd1h,d to (.he (:uhc,. If t,hc anl:ib<1dy hindin1, i;it.c is o(:(:u1>i~d 
rm,vi/Jusly wit.h HAA from t.hti donot'!I semm, l '.'1•1-HAA will 
not. I.Jilld ond t he; iletnrmirrntion CJf ii,,J. howid v«rsua fl-Ni i11 
an incfox of HAA cont.ellt of th11 donor 's si,1·um. 

fosuing of Blood and J'!:vah1111.ing Trnnsfuijion Jfonc­
tions ... whole-blood, l'ed-cell 01• lcuko<:yte suspensions, 
plasma, plutcilt\t-l'ieh plnsnm, plnt.olot oon<:l•ntral.es, l\>uki>­
cyte-poor hlol)d, /\HF, fnct.or IX c.,mnpl(ix, plasma 1)rotC<ill 
frnc(.ions ond RhoGAM nre produch of Uw t.rnnsfuijion $(lr­
vi1~0.'1 'l'rnm1fusio11 reac:tions ill:<' rolal.(,d t.o nnt.ibocly ph<e• 
nommin or disca:;e lrtlll~mission. The hmnolytic r1:n<:t:ion 
resulting from t.h<.>. t.ransl\ u,ion of i)l(:ompotihlc coils i~ the 
most scri1)US pr(lb}clll. Th0 t1·nni,fusion of microhinlly co11-
\.mni1111l,cid blood r.an rc,mlt in a pyrn1:1Jnic niact.ion or t.rull!;· 
mi1;i;io11 of infoc1,ious <lii;em;e:.1, :mch ,\S nu\li1ri1.1, ~yphilis 01· 
hep1\til.i::;, Allergic react.ions (urlital'iii, 11st.Jrnv11:ic sciwrr.i;), 
circulator·y <>verlond, lm1boli(: 1:omplkut.iorn1 (blood d Clt., air 
mnholi) al$O may be aur.ount<,red. Lr.llkocyl.e and pl..\l.clct. 
antil)(>diei, (l()volop ili ropr:ot t.rnnsfusiom; and in 1,1'!\ll!;plan­
tai.ion patients. The Lr:msfusion service i:; tm int.c;grnl onil 
in <lVUlu111.ing such eomplk1.1lions. 

Techniques of Analysis 

This r,cwtion will dc:,scrihe the pri11d1)lc:s of Lhr. pror.eduro,; 
irned in Urn a111JIY!!llS of vnriou5 !:'Ubsl.ancCll in blood, plasma 
or urin<1, b;,c1rn1i)IW! oft.lie i)i{:nificnnct; of such \.e$1.R in clini .. 
cal diagnosis will bc:, 1>1·(•S(:11t.cd. J~o,· a c,,oniplet.c dest:ription 
of I.ho physi(ll◊f~iclll ,md ph:umucolngi(:nl n1;pcNs of th\lS<l 

blood conRl;it,ucnts, HM the Bi/J/iogr11phy. 
Jmjh•umcntntion•-··•The dcw<ilopment of inst.1·1mHml:C1 tion 

hnr. nccclerated pro1:rni;s in dinical d1emi:;t1·y. An excellent 
review of the p1:inciples trnrl a1mlica1.iou:s in clinicnl chcmis• 
try ()f 11utc>mn1.ion, at.omic,·abso1·1)l.ion s1>t~cLroscopy, ull,nwi­
olcil. and visible $1>cctrnph()tnm4'1.l'y, fluol'ime(l'y, pho~pho1·i­
mcl:ry, infr1m1d nnd Hamon 11pcc:tl'Osr.opy, mic1•ownvc nnd 
rodiownvc spectroscopy and n udeonici; w1:1s p1·01>111°nd by 
B1•oughton nnd Dawson.s Qlli~faY••1:ontrol toc:h11iquos arc a 
vitnl purL of any dinit:t\l labor/ll.ory. St11mlur<l reforencc 
matefinls,0.10 11t.ond1U'diiotio11 of quanl,il.ios :\nd uni(.~11 nnd 
con1:hn111l cvnh.111t.io1, of pr·t.<:i:;ion 1\11d act~urn<:y of vnrious 
d11t,11rminot.iClns12 nrn inc:orpoi·att,d into 1n·oc:edorcs of all rnli­
nhlc cliniclll lnhorn(.oriH11. The nrnnt1fnc:t.m·e of c<irt.ified 
stimdnrds 11nd 1·cug1mt~ and the cor1:il'icul:ion of dinical 
clH1mii>tS !UHi cHni<ml lnbor11l-<1l'ies are 11nder 1.lw supurvi8ion 
of <iiihr.r 1.:h<i FDA, NIH, Pl111i:m1wm1t.ic11I M1m11fncJ.urnrs As· 
sor.intion (PMA), Amcrii;an Assodnt,ion of Clinical Ch~~m• 
isti;, 1.hu Collci11<;; of Amciricnn Pnt.holoi.:i11is and l.hti Not ional 
Commit.tt:11 for Clinic«! Lal1m·nt."ry Stimd!H'lhi (NCCLS). 
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$06 CHAPTEH 26 

fo l,Qn i.ction of Drugs with Clinical Laborntoi-y'l'iiN1.$···" 
Dru,ii, rn tly inLurforc with the inl.Ol'prnt.ation of lnhoratory 
tui.its hy l,hroc dn~B<IB of 111 ()d111ni,;ms: 

l. (.'Jwmic(Ji 1.u· /Jwdif"mi«·ol inh~tfon:l\«.'r; chw (o r(.~u,:ti,m of" dl'llU OI' 
if~ 111<llalx>lil<• in bi,.1l,i1:i<:i1I floithl with k sl f<•n11~111,; in 111111ly1kal P>'<><:t•· 
durn:;. n. l)hm·mw~,)li,,:l('{tl intt~rfon.mt'C dtll' to noru)nl drug•iJHhl(:{~,1111\01'• 
ntton:-. in v,1riou:, J}l,Yt.if)lc;;~k nl parmH(tlur:;. 

ITL i'uxit<,1,wi('(i/ h ll.(:l'fol'l!llCC ~ · II ,:011i:N111t<11t,r. of th<; loxicil,y of n 
druJf. 

gxampl1,:i of Clusi; I intnrf1,n·oncc, include falije•positivc 
urine, 1;lucosc n~fillll~ due, to the rnd11dng proport.io,; of druw; 
or m<,tnboliim; s11ch ui: ascorbic nt:id, /.H1minrnmli(,ylk lldd, 
tel.r:u:yd inc, cP.ph11loricli1") nnd lc)vodop11, which arc <ixm·C?tad 
in urinll. Spironola,~l:one will r(:sult. in 1111 ehivaLion of cr.i· .. 
t.ain ur inm·v lwt.(}i;tnroid~ Lhrnn!{h cros~-r,,u.ctfon of the drng 
in (.hti analyt.icul procedul'(:. 

Rxample~ of Cll.lf;!l JI in1.Brfonmc<i inclmk the, clecrnose in 
s<;nnn-powssium lev()IS in patiiml,i; receiving thiui.idC! <li­
t1rnt.ics, \.he alt<iration in i;en.tm uric ncid wiLh prob(Hl<H:id 
und \.hr,• okvation in v11rio11~ p;u~mn J)rotcius and t.hy1·oid 
function 1-liS!.$ with t!;;\.rogtm-progcstci1·1me combinat.ions. 
Drng-drug int.criwtfon 11ls<; can r<,,:nl t in chnngcs in \.ll<!se 
parumot~n·11, Gmmcthidinc enhance:1 the offoct t',f t.lH\ cou• 
m1)rin :rntico:,gulanl.!\. Btll'biturut.e.s induce hopatic mkro­
t,omol cmzymc 8)'111J1csis ,md B11b,m11uenLly inm·e11se tlm m(l• 
tnboli~m irnd decrease Ll1c thcl'llp(lut,ic <iffoct of drugs, su<:h 
mi wnrfarin, (NOil 11fl.el' t he.st! drugs n1•(i tcmninatud. 

Rxamplo~ of Clos,; HJ interforenc:c i1H:lud(l d1on1:e11 in liv• 
er• ,md kidnt,v•function t.e~t:s and hc!matolof{k1:.l p111·11111c1.cr~ 
(uncmin, 11gr1;n11locytosi:;, leukop1inin) cl1w iA, drug-inducc~d 
t.ox icil,.I' mid ptmil.iw LE and ANA \.e6 l!! due U>i1 "lupu~-Hkci" 
l;ymll'Clmc inducml bv hvdrnlnii11c;. 
. It ill beyond th(l scop~or 1,hi!l du1pl.or (.<) indud(, l\ complete 

listinr, or'drng int.m·ud.ions in lul.H>1·awry t1ml,<\, T he niod<lr is 
referred t.o un mrnunl, r<\adily availuhle, <~>mJmhil'izcd review 
of t.hc <,ffeC\. of normnl \,htmtp<iuLic drn1-: do~m;, 11H wr,11 (18 

ovcmlos<:i;, (HI dinicttl luborntory t.<:sts1'1 nnd to ol,hel' rovinw 
art.ic]m;,14 

Hloocl 

Coiled.ion and Prci1,1:1>·nt.ivn l.'01· Ch<imir.ul AnulyNis•• .... 
I.Ji;i111r tlHt1ptic tuchniqu(), o hlv,>d MllnJ)lu is ohtnincd by V()H i • 

p1111durc MHl usually pl11cnrl in uvonu1t.cd glum; t.ubt?i;, ' l'li-1 
choke of ill\1,ic<1111{ul,1nt, type of specimen, $l.11hility of Mst 
componm1t nnd use <)f prn;>,crv:it.ives dopc,nd~ 1.111 \.Im (.ype of 
an11ly11is rt~11w~t.()d nnd I.Im spccil'io analytic11l pro<:cdurn in· 
volv(id. lf ,;ernm is cl<!~il-cd, the hlt11>d :;umpla ii; 11llowod Ll• 
clot. nnd the sernm ii, sopnrntcd by cr.111,rifugation. Wh(,ll 
wholo blo()d (11' plt\smn i9 to h1~ used in the annlysii;, 1111 

antfoongulnnt, i~ t1ddcd \.o t,hc coll<ic:Un1( tube. 
'!'ht\ i'ollowinf{ conccmLrations or iipecific nnt.i(:<>ngulant.~ 

111·a usc1d 1·out inely per 10 mL blood; lil.l1i11m, 1)()1.as~ium or 
11odium l))(Ulat.c (l/i to 21> m1~). sodium d1.r1~t.,i (,tO to GO mi;), 
hu1mrin sodium (2 mg), disodium c,1· t.ripolni;~hnn cl',hylcnt!· 
diumi11etcitrt1acc t11 1.1~ mDTA .. Nni, IO t.o :~O m1t) or ACD-J?or. 
m11ln R l!Oluticm (LO mL). 

lfopmfo 1>n1v1ml.-i blood 1,ou1,ulnLion by i11hibitin11 U,e 
1.hrnmhin ,,c11(:(lly1,lid c<mvc1·,sion or fihri11og(,n l.o fibrin, 'l'lw 
01.hcr imticougulanl~ c,i thcr prncipill1IA·: blood (:alcium or (!Vil· 
verl. i1.111i-,l,d calcium inl.o n uo11i1mi:wd (chulnliid) form whic:h 
conuo(. func\.ion in tho crn11~olnU011 rcnc1.io11. l fopul'in and 
gl)'l'A do not nlu:r t.lw c1,llular ulenrnnl.B of bl.ood $i1~nificaut­
ly. Sodium nuoride tmd t,hymol nrn ui;ed 11,; fH'tmcrvat.ivM or 
unzynrn inhibit.ors t.o prevenL tho dctt'lriomtfon of vorio1111 
suhsLunccs in t.hn hlood s,unr,le, (ig, ((lucose .. , lacLic ucid. 
Pi·esm·vulives und 1111 ti <~m1:11h~nt!'; <:an interftirr. wit.Ji !;om1, 
enzyme tesl.s. Sm·um usually hi us(ld for l,ht~sll prncC!dures. 

'l'Jrn n1)po1·11l.inn of plaunrn <11· sen11n, i1nd (:lwrni<:1111rnnlwis, 
u,;u11lly nre pm•formcd nu ,ioon a:; 1,om,ihlr. afl,1!1' Uw tJollliction 

of' Uw Hllll'l))k, 'l'ho .:1ddit.ion of polyHt,v rene l(l'llllllki11 1,,1 1,hc 

hlo(ld ;;umpl (; prior t,o c:cnt.l'ifu11,11 t.ion fndlit.ul-el\ the iH0)11tion 
of scrum or plu:;mu, lfomoly:,b int,wfon,~ with an11lytic11I 
proc,idmus for hilinibin, alh11mi11, nonprnl0in 11it.l'i>1tcns, pH, 
phoi;phorns, potMiiium nnd wil'ious e1rtymc11. 'l'h<: iwrum 
also should b<, (1b;;o1·v<1d for prcs<,ncr. of li1>m11 iu. Ch11i1gc,s i11 
1.he ratio of COi, chloride and doctrolyi.es in cells and pln~­
mti, 1:lycolyl.ic conw:i:sion of gluco9C! to lac[j(: add, hydrnlysii; 
of cst.c1· phos1>ha1.c, \ .C) free i1101w111 ic: phog1>h:11.e, hacl.l•l'inl 
r.onverflion of uroo t.o ummonia and c<mvornion <.>f' pyruvnt.e 
t.o iac:t1\te tm) o,wmpl,:s of ch11ngl.ll\ t.h11Lcan 0<:cur in contt1mi-
1111l.cd, impropc.rly prC!liervncJ m· um·efrigC!ra(.ml hloml l\l)Ud" 
111.um;. 

'l'hc fil'sl, i;t.age in many of Lhe chmnir.(11 d<it(,rminations ii; 
l,he rtJmovul of blood prot,iin und prcpurntion c:,f prol.f!in .. /1·,1(! 

/Jlood {ill.r11I.<', ' l'h,i pro t.oin is prneipilatod with 1.u111ist.ic: 
acid, f.richlomocel.ic 11cid, iin<: hydrold<fo 01· or~anic: 8olv,ml-~, 
such ns 11lcohol ,md awtmrn, nnd th1m filtered or c<>,ntrifur,(ed 
to romovc, Urn protein coai:ulum, 'l'ungs(fo add prndpila-
1.ion is perf'onncd by 111ixinp, .I volume of blond llr 2 vohmw;; 
ofpl@llll\ wiLh !I vohJm(,6 ofi;t.:1bilized (,11ngii1.ic neid rl•UJ{cnt. 
'J'hc filt.ratr. obtained in 1.hfo 1>r(1ccclurn ~hould bl! in tlw pH 
range (}f :l.() to 5, I Lo omnm: the nd<!qu1.11.c l'l.!moval of prntein,; 
( <2 mr,% in fil tn\to). 

T ho 8i>lll(1gyi fil!.ra li\ is prnpnrnd by mixing .l volum~ of 
blood with 1; \1oluml,s of wat.e,·, 2 volumcu of ii% i,inc :;ulfol~, 
nnd ?. voh1mr.i1 of 0.:1 N barium hydrnxirlc. Tho barium 
1;ul f'nt.e is precipitntcd an<I I.he iinc hydroxide fol'mcd in t.lw 
rn11ctfon p rnci1>i.l.nUis the blood prot.oi11~. 'J'l'ichloroflct,tic 
acid (10%), in o 1·1J.tfoof9:1 wit.h blood, yieldsgreat<:r volumes 
of fil tl'lltc due 1.0 n more compleu, fornrnl,i(lll of protein ag .. 
f(lnmei·1.1 l,es. 

Blood Glt1coF.1<1···-Mtit,hocls fol' clot.m·mininM bl<,od gluco~o 
am bused on the nae of 1;luc(>S<l as n redudng ogent or· 011 1.lw 
em:ymat.ic oxidation of 1:luco:;e to 1:l11co11ic r1cid. In t.lw 
I~olin-Wu tt,dmique, gh1coff1~ i~ de\.crminc.d in II protein-free 
hlood l'iltrnl.e by rndudion of i1lk11li11c cupric; 1,11lfote M<I 
s11lw,qucn1. react.ion with ph02,1>homolybdic oi· u1-.~M1)molyb­
dic acid rct1t;Ont. to form n bh1(i cumplllx wh ich can he esti· 
mnled colorimet.dcully. Tho Nol$Oll•.Somogyi mot.hod uses 
a prot.uin-frnr. blol)d filtrnte pr<ipni·c,cl with zinc hyclrnxidC! tu 
l' l!llll>Ve most of tho int.t<rfo1•inl( rcducin15 substiim:e~. 

' J'hc pr1Jsonce of II t.01·minul aldehyd1, in t.lrn gloc:o~e moJe .. 
cule ii, th 1>. bt1Sill l)f a colol'imot.riG dtil.f.!rminotion with 1>hcno• 
lie hydrn)(yl 1·r.ngcul-$ (phenol in o.qncou& nmt.hyl i;alic_ylntti or 
pho:mhoryl11t,1>,d l ,:3-dihydroxybcm1.ent1) in lht, prcismwo of 
1itrong 11ulful'ic ndcl 1rnd lwot. 

Thn o- tol\tid inc proccd11m is a c()lm· 1·oncl.i<>11 SJ)Cltific for 
hexosei; ... ,gJuco$C!, manno~c imd f{alactosc, Sine\\ alduhcx, 
Ofl<}S ,)t.irnl' than glucose 111·,i mn·mnlly prnsent in very smnll 
{:onccml.rntion~, rc~11 ll., oht~1ined by I.h ill met,h"d approl\i:h 
l.lw l,me value of f{lucoAC, o,,'J'oluidine is c1)n<ltrnscd with 
gluconC!. in glndal acbt.ic add to yield n ~rcen chi·omogcn hy 
fm:minr, 11n 11quilihri11m mi1>l,\ll'I! of a i;lycosylnminc and 
Schiff bi:u:10. 

In t.he pwceding l,echniqumi, illt<Jl'forinll subst:1mc1:s i;uch 
n~ lncLOS(l, gult1ctoflc and glut.uthionr. ru·c mc11sured nnd the 
vnhJI\ is r<lllOrL()d in t.hc non~peci lfo te rm ,;Jlug1u·." 811zym11t­
ic dct.e1·minntion wit.h gh1cosf: ox idnsc ii; \,(l() only \.f!sl. sped fie 
f'or bl<',od glucose. Blood r,l uccil\t' is convort«d t~) ghu;onic 
ncid nnd hydrogen peroxide by 1:l11co~e <)xida:m; H1<i pe1·(1xide 
is t.lum C$thn11\:Qd by iodimol,ric prncndurcs 0 1· by oxidation of 
n chromog1m (o-diunisidinc or 2,2'-azinoldiethylbonwthin­
:,:olincrnulfvnic acid I) in the pn•~v11n1 of :1 ptmixidnse to form a 
colored p1·oduc1., 1)1·ugs which Cll\.1$(\ u sliJ!hl; in<!l'<.ll16<~ in 
glucose vi1l1.1us includa ACTH, 1:orl.i<:o:it.croids, 11-thyroxino, 
di11zox.ido, t'>pi11ephri11P., c1;troge1111, indometh11(:ii1, orul con­
tmc(lp\.ivc,s, liU1i11m (~lrliornit:o, phonol,hin1.0Ms, phmiytoin, 
t.hiahendmmlo nnd diur<iti1:", Dr111r inte1-for1mcos wil.h o­
toluidinfl n.101.houi;, which (:nusc 11 !ilight. incnH.1so, inclu<I~\ 
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ni;t,ol'bic JH:;icl, d<•xtrn11, fnict.nS<l, itnlact.osn, 111ai111osn, rib,lsl!, 
xyloso and hilfrubin. 

Another enzymat.ic fHOCodurt>. \l!:ICS Ow h(lxokinr.i~<!•cata .. 
Jyir.od conver8ion of i:h1cosc to gluco~CI (; .. phmmh,11.c ((HW), 
and c.h<m to U-phos1>hogluc<.m11fo 1111d NADPH in t.111.t pre,;; . 
<illC(l of NADP 11nd (iGP dr,hydrn1:en11su. 'l'he NADPH thus 
fomwd is cquivnlcnl, 1.iJ the. nmounf of 1thH)<ls1! 1irC1~t111l: nm.I is 
cstimut11d sp11cl.rimrntl'ic111ly 1.1L :HO or :l(;6 nm. 

Normul fost.ing blood-sugnr valtw,; foi· adult~ arc HO LQ 1.20 
mg/JOO mL; true 1tlUC0$1i is Gb to HJO mg/1.(J() ml.,. When the 
hlooc.l-1H1gor valucm excc<ids 120 (hypi:lq:lycmnio), dinbele:; 
mellitus s hould bt, s11Kp1icc.cd and con be confimmd by twi­
do11c11 of diminishHd curbohydl'lltu tolerance. 'l'he cff~i1:1. of 
ingc:;t.cd curl:11.1hydrat.c 011 blood i:111~111· c:rm be cltJl.tlnnincd hy 
the glucose tolc!rnn(:i! t,it/.; 100 g of 1:lucosc (1.75 1i/ltg) in 
water or II nnvornd b<ivcrage, is nd111inistcm,d omlly and 
glucose dot:orminnt,ions 111'1') pt,rfcmnod on bkiod and urim• 
somplr.s nt. hourly intervals for 3 hours. Volu<,s nbove 160 al. 
l ht· 1md 110 ot. i homH in blood Sl\mplcs ore nbnormul. 'rhe 
nmol threshold for glucose is 180 1,,,1 200 m1t/l 00 mL of blood, 
nnd, t.hcrcfc>re, sur,nr !lhould not uppcmr in 1,h.u lll'inc or nm· .. 
mnl subjecu; iu the t.ol<mmco !:est 

Hyperglyc,m1iu. und dcoroa~(id 1{111<:<>se t.ole1·anc1i m·c seen 
in <linhctcs mellit:us (t.o fi()() mH/100 ml..) and hyJ)(,ractiviLy of 
Lh(l ndrnnal, pil.uitnry a nd t.hyroid glands. Nypo11lyc,•mia, 
with n blood•s\1gar valoe of «m mg/1.00 mL and incnia,:;,id 
gh,c<isc tol<wnncci, fo encouutm·e<l in insulin ovurdosc, glucn .. 
,:on deficfoncic~ and hypoudivi\.y uf vul'imrn m1donine 
glands. 1 nlrnvenous glucrn,c tolernnce ~t:udii,s ar1) \lllltcl tu 
cfrc\1mv1rnl Jp,fectivc, nb,,orp1.ion of glm,o~<! in the gmll,roi11-
t:e$t,i111d trnd, og, in 11teatorrhM. 

Monitoring ho111og)Qbi11 A1,: i:i anot.hcr Wily to follow pn .. 
t,ient.'l wit.h hyper1rlyc~m1in. Thi,, i11 morn specific fol' dit,g• 
nosinii diabct:eg bu~ loll!., $Cll}liiive (.hon t:ho 1~lucosc Lolul'anco 
le8t.ll' Normally, homor:lohin A 1011ccmml.s for a to <i% of 1.he 
Lotnl h<lmoglobin while in diubet.ics ii. is G \.n 12%. Th<J 
conccnt.rnl.ic>n of Hgb A1<, in (.h11 blood rciflocts thu pat.iml.'s 
carbuhydrnu: MJlL\l~ ov<11· o period of l,inw, pr<Widin1~ a mm·it• 
er for hyp(lrglyccimi1i. f>C111creul.k {1u1Nion (,e$I$ i11duchi 
i1tudic~ on lV 1111d oral gluco:.1i, 1iluc1)go11 1111d (.(ilb11tnmidu 
loleroncc. Thl:' blll,fl c1ills of p1rncn,11Lk illlet 1,is,;uti sct:retc. 
insulin 11nd 1.h(i nlphn c<!lli; :;(wrou, gluc1wm, 11 m1bi;t:rnc(: 
anb11,ronisLic to in;iulin und havinu 1.1 hyp~rglycmnic effoct 
induct~d by it,_q 1ilyco1~enoly1,ic action. In g/ll(.•a110111.okrance 
stu<liet t.he effect (>f pM<mt era I administm1.io11 of r~lucngon 
ou blood .. i;ugnr vnh.1os is u~CJl'ul in the dingnosii; of pnncrnttLi<: 
11nd lwputic fun(:l.ion, lllsuli11 ond t:olbulclmi<fo /.o/i:m,we 
st.udies are used in the dingnoHi~ of endocrine disord<ll'S, 
diffcrenlfotion of insulin-rm,i:,C.anL diiihot,ics nnd dct.e1·rninn-
1.ion of fu1wt.ional. hyf)o1;ly<:omi11 1111d iijlo\ ... ccll l,umors. 

0 11laaoscm1iu., Lhe pr,~,;mic1, ol' galoctosc (>4.f> m1:%) in 
blood, i;i uaually due t.o ml inborn ,m·or of 1:al:1ct.mm 111et.ubo­
li1;m. Congenitul dt,fidcnci,,s in gnh.1d.ol<in1\sl! or galm:\.nse 
L-phonpha((! ~u·idyl !.rnnsfornse n,:;1111. in inad11()unio 1~lllac­
l.oso llH!L!lbolism with uccumulnt.ion ol' 1:11l1.1eu,so l, .. phil$ .. 
phute in U1e liver. 0ml :ulminii,tmt ion of' f.(11111<:1.o~<: in cnlac­
\.osemiu lcmds w ll dN:roa»ii in llloou ,i luco:1c und 011 increu~e 
in concontrntio111:1 of g11lncM1/Hl in Urn urine and blood. Ga­
hH~Losc is lllet\$UJ'C<l by es\.inrntion of NAOH lihern(.cd in the 
conven;ion of gnluclos1, 1.0 ({Olact.onoluctoM in Lhe p1·c~cm:e 
of NAD t111d gnlaclt)~e dehydrogcnat11.l. Ddidcmcics in int.es• 
t.in11l d i8nccharidusc~ such us ltld,ni,,i will preclude r.flkiml. 
conve1·i;io11 of l11ctose l.o K<tloct.oM nnd glucos!l, and oral ad­
ministration of 111\~lo;w will cause no inc,r·c,11»11 in blood v.alac .. 
1:0se 111.1d u1;1111 1ly produce diol'l'lrna. Gnlnc:1.omi•lo11<lin1;: ,it.nd .. 
i<!s an1 u9ufttl in l,hc diagnosis of toxic: or inl'lumnrnl:ory con di .. 
t.ionfl of the livcl'. fn hepatic cirrhosis, Uwrn is n dc(:rntii:lCl· it1 
I.he 1,~t1luc:tosc-m<1l!lboli¼i11g m1>ndty of' th11 Hvul' du(l J.o the 
inhibition of hcpatk d i1,ho:,J)hotnluc!.ose--1 .. cpimorm;P., 

l,uc/.i<: 11(:i.cl is II proclucl. of' y,lu<!o~e lll1it.11holism; ii', is con• 
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v11rt.r.cl into pyruvi<.: odd n11Cl NA DH IJy k1c:tic: 1h,hydrogun11Hc 
(LDH) in the prc1;1rncc of' NAD. Blood lt1ct,i1: acid is cs1.imat• 
ed by rcncl.icm wit.h LOH I.<> l'ornt pyruvtttc uud NADl'l: I.he 
NADH hivcl h; d<!Wrmined spuc1.1·ophotonHil.rically 11!. :J~(J 
nm and is tt fund.ion of lac:tk acid conce11t.mtion. l1. i~ 
cfovat.cd (>20 ml(/100 mL) followinl( cilieJ'ciS<•, :uw:;t.hcsin 
and ,:(,rt.e1in typos of 11ddosifi. '1'111! blot,,/ l<11:tat.efpyru1Jal<!. 
rnt.io slw11ld be cak:ulot.od ill or1hw l.o tlctcnnin,i I.he pmsence 
of 1ix1:CSR locLic tidd in I.he blood in acidosi~, th ianiilw dcfi­
cir.ncy ,rnd decompnnsnt.ed hcur~ cl i$1:mir.. 

Blood pyrovk add is dcl.ermined by th<, rcvcmc pro1:o­
dure; ie, 1.lw conv<,r11ion of PY>'llvut.c to lad.ale int.he 1,rns,,11ce 
(>f l,,))H 1)nd NA))J-1. Normal hlood 1>.v n1vic :~ckl ron1(ei; 
fmm (),(i t.o l.3 1111:/J 00 mL hy ch<m1icnl 1111)1.hod;; and o,:) l.o 
0.'i mg/100 ml,, by ("1:lymic 1m><:edurns, 

Non1,rot.oin Nitrogt,r1 (NJ>N) CompouuJ!l ..... -'l'lteMC! rn­
for io nil 11it.rogcn .. <:011!.11inin1t eompo11nd11 in biological fluids 
\•Xclu~ivc of protein, i11cl1.1din11 nitrogen from 11111ino ndds, 
low-molticulur•wei1iht poptid<:s, ur.cn, 11uclet11.i1fo11, urit1 &dcl, 
1:l'(•nl.inine, crcat,in() nnd nmmonio. Ul<•(ld NPN U$Ulllly b 
d-0t1mnined hy digm1t.in1: a prol.nin .. fn,r. blood l'ili.rnk wil,h 
sulfurfo add in t.hc prf'j!Clnce of a clll'.alysl. (8110") lo convorl. 
niu·<1gon t.o ommonium sulfate (l(_jcl<lnhl di1:est.ion ..... suc 
pane ,j~,1); the excess ncid is ncut.rali¼<Kl :rnd mmr,onill dr,t:m• 
mined hy Nessleri:r.uLion or !'Met.ion wit.h nllrnlinc h,¥pochJo .. 
ril.(,. 

T he normol blood Nf'N is 25 to 4/i mg/J.00 mL (.18% urna 
N, 14% ,unino add N, 4% (!l'Miilrn N, 1'.i'~ c:r1,>a\inin<, N, :l% 
uric acid N und 30% rnsidunl N). In r(,ni1l d tll1'1itl-(H, Nl'N is 
efovat.ed t.o vahwi; ranging from 60 I.U {i()(} mg/JOO mL ((1Zlll<~­
mi.<1). As vurhitiom; in NPN mainly rnllcc:l ultt,nlt.ions ill 
blood ureu ni.trog<m (HUN), urea <kiurminut.iorn; nro mnrc 
sensiLive n11d pl'eterrcd us a guid<i io kiuney fundion. 

'l'he primary pui.hway of ni trn;rcm nrni.aboli:,m in m:111 is 
tlw synl,hesin nf urnu from nmmoniu in \.he, liver and I.hen 
rupid l'(!lllll (l.xcrnt.ion of m,m. 111 nmul di~cns11 (nep//r-iti.~), 
t.Jw ex<:rniion of urN, is dimini1;licd ,rnd hlood NPN nnd 
BUN are incn.11,sod. In BUN prm~cdurcs, w·eo is convci:tml 
enzym1.1lfoally \.o 111mnoni11 by Cll'tlfm(); (.he ummonia I.hen is 
<lct.crmin-Od by Nesnlel'izat.ion, rnaction wit.h phenol.-nllmlinc, 
hypochlorit.c, ncrnt.ion into Manclm·d ncid and :J\tbM,q1wnt. 
t.i t rnt.ion or l'tmdi.on wiU1 s11licyl11t.11-nit.rnprufJSide rc11gm11. 111. 
pH } 2 in tho pre~ence of ullrnlhw 1.lichlorni~t'•Cy1rn111·11te t.o 
form a !,!ft!Oll chromogen which can be l!Sl.imotcd 1;olol'i111eLri­
cnlly, '!'he 111nmonia alr;o can be; C$l,imalkld by sp1,ctroplwto• 
me~ric d(it.erminution of NA.I) fJ1'od11(:<,d in t.h11 i:onvcn,i.:111 of 
ammoni11 nnd n·- ke.t.01rl11t.1m\l,c to glutamate by NADH-1.· 
r:lu\.trni:11.<! dd1ydro1;01mi,e. Dirnd. drnmical det.()rtninaLion~ 
(1f11rn111.11·e hascd on 1.he l'1)!lt.1,ion wi1.h 2,3 .. IJ11t.111wdi(Jne in :m 
add 111(,dium (lli:arou rcnc,t.ion). 

BUN (norrnul <'$ !i to 2/i mg/100 mL) ii. incren~1id in chr<>nic 
1111d 11c11l1, n(,phritis, nrnl11llft: pofaoni111~ iilld ,:11rdiar failuro; 
reduced }()\•di; otcm· in rn1,id dchyd1•i\ti1,n or followiria di111·c­
~ii;. In :ir,vore liv1,r damagt• duo to dimini:1hcd urM fo,·nrn, 
tion, im incnmsu in blood mnmonin nnd de<:rerlr;e in BtJN ut·e 
ohservml. Urine ureu out.))\11, (6 Lo 17 1:/dny) is nn index of' 
1fl1m1.ero/ar /ill.rnlion rnu (G/•'U) rmd lddney function. Tn­
cr1)11:10d di<ltary protein nnd irnst.roiul.(l:;1.innl hC'.111.orrh111rn will 
iuerr,11fi11 \ll' inc uroo. Decrn11i;t1,; in m·cn excr1,ti1)tl involve 
cit.hor tu))ulm- reob~1.>1·ption or sr.netion dcfoucs. 

Thu nit,r,,gen bul<IIH'l! 1·cpro:;ont!! lht! bulanc(l lmLwcun ni-
1.ror:en input, m· produccd (N 111) nnd nitrot{~lll ex cm Led (N.,.,,); 
in mmnal indivichml:, N,.,"' N.:,ut• N.,,n is l'<i(lnlal.ed by nmal 
(lli'R; in ronal discnne Gl•'Risdecr<i1rn1,d , N;., > N ,,111 nnd BUN 
iij in.c:rnasctl, T ho rnLc of urin11ry 11xc:1·,:tio11 or 1,11,·eni.erally 
11.dminist.tt.rod dyes (phenolsulfonphtJ111lci11), inuliu iiodium, 
p-aminvhippuruk nnd m1u1nit.ol uni ;;eniJitive indi(:o~ or 
Gl•'H. in rn1w/ d1:<1tat1<:\> ;itl/1/fo:i. 

Creu/.i1rn (mcthyl1r,uunitl1mcct.ic acid) nnd Cl'(?ntini,rn (c:rn­
atino anhydl'idci) nm invnl"ed in t.hc 1>hy!ii,)lill(Y 1,f m11i;dt! 
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506 CHAPTER 28 

contrnctio11. Creatine phosphate is un in tmccllul111· source 
of high-energy phosphate bonds vio. the reocti<m of ATP ond 
ci-entinc kinosci, CroaU11i110 is t;he w11stc1 produd ()f (,rtJUtiue 
metabolism 1111d iH the normnlly excreted compound. 

Serum cre11Uninc is det.ermincd by reoc:t.ion with 11ll111liuc 
picrnto to form 1\ reel chr<>mogr.n. 'l'hese v11h1c8 usually rep­
resent 20 to 3()% of noncreutinimHntcrfering 1111br;t1111cei1, 
Absolute determinations cnn be mode by 1.he obHorption of 
croa.Unino from protein-free blood filtrnte11 011 aluminum 
1Jilicnw prior to the final determination. Druga cuusing 
nophrot;oxicit:y rnault in n slight increase in crcatiuine and 
those which intorfore with color formation in tho renction 
include bromoaulfo1>hth11loin (BSP), phcnolsulfonphthnlcin 
(PSP), ocetoncct11tc, nscorbic acid, levodopn, methyldopn, 
glucose and fructose. Creatino is determined after hydro­
lytic co11vcrt1io11 to 11rcatinine wit:h boiling, aqull0U8 picric or 
hydrochloric ncid. 

Hcnnl cleArimcc of endogenous crMt.inine is 1·olated to 
Gli'R and ia normnlly l to 2 g/dny (crc1ttinil1e <--ocfficicn1;"' 20 
t.o 26 mg/kg/24 hr). Normal serum crcaUniue i~ l to 2 
mf~/100 mL; cre11Uuc 0.2 to l .0 m"/100 mL. Higher vuluo,; (5 
1111</l00 mL) iudkt'lte glomornlnr diunago or C'.erdiac itll!Uffi• 
ciency. 

Uric aci<l iH" cntabolite of pul'ino metnboliHm /IS derived 
from nucleic ocids or nucleotide cofttct.ors. Oirc<:t me1:hod1:1 
for determining uric ncict illvolve the reaction with allrnlinc 
phos11hotung8tic odd to form ll "tungsten blt1e," which is 
estimated r.olorimetricnlly. ln another mathod, 11lcoholic 
NnOH is nddcd ton protcin .. frcc filtrnw to eliminato inl,er• 
fcring reducing 11uhstnnr.eil (uscorbic acid, Jl'lututhiono} prior 
to the reduct.ion of uric ncid with 1tcid r.oppcir cbclotc to form 
a cu1,ric chromogen complex. 

In inclirnct. }>rocedurcs, uric ncid is hyclrol~ied by the en• 
r.ymo uricnsc; the decrense in obaorbance nt 290 t1) 293 nm is 
n func(.ion of the initial concentrntfons of uric ncid. The 
uormnl blood value i!! U.i to 6.0 mg/JO() ml~. It is elevated in 
rennl disonsc, gout d~•R I.<) increns(,d mctnbolic pools of mie 
ocid ond leukemia us n rooult of incrcust,d t.urnovcr of cellu­
lar nuclooprotein. 

Ami.110 acid detarmhwl.io,is in blood 11rc pel'formed by 
conv(lntionAI colorimot1-ic ninhydrin t.cchniquOH or reaction 
with nlknliM fl-ns.phthoquinono-4-sulfonot:c. Normal plas• 
mn valucij rnnce from 3.9 to 7.A mg/100 mL. A vor iety of 
metubolic disordera may be dntect.ed by 1mnly1.ing for in­
crenaed levola of 11pecific umiuo ncid11 in the urine or blood. 
1'ot.ol urine amino acids are determined hy formol titrntion; 
formnldohydo rencls with baaic nmino gro11p1, and thus 1>cr­
ruits ~ubsoquent. Utrution of the 11<:idic grm11>~ of tho 111nino 
adds. Doily cxcret.ion of nmino nc:id nitrogen rungna from 
l 00 to 400 mg, r.onstituLing 1 to 2% of totnl uri1m nitrogen. 

'rhe identificntion oud q1111ntitation of 11pec:ifi(1 nmino uc• 
id9 in the blood 1111d urine are uccomplishcd by pnpcw, thin­
luyer ('l'LC), column nnd ion-exdumge r.hromutogrnphic 
nnd clcctrophoretic ~epnrnt.ion of elect.n)lyticnlly dcsnltcd 
blood or urine Hntnr)lcs. Sell Chapt-0r 29. 

Almormol runino ncid met11holi$m (aminoacidopathies) 
usually results in the. pr<lllcmcc of 11hnormnl qunnt.ities of 
apecific omiM ucids in the uriue (aminoncidurin). 

'rhe uminonciduriM nro divided into t,w1) lllftin gl'Oups: 

I. l'ri11wry 111J1w//ow 0111i11Qocjdurio in which blond umino Reid~ 1\ro 
olevulcd !t>h~nylk<,t<lllurill (PK U) , mnplc ~yruJl urine dis~Mo (MSUD), 
tyro•inosi• nnd 11lk11ph111url11I. 

?.. Ami1101miduri~$ ~hornet~riwd hy clc,vntcd ~millO 11cid 11ri110 ltwclN 
with 11on11nl bloocJ lovolK (1r1111spur1 dr.seofilM with n d(!focl int.ho kilhwy 
l,u\mlu- el(, c_vstlnurin-- nnd "110-1.hr~Hh())d" omioont:idurin in whivh lho 
kld110y hnR 111) meclumism for rc11bNurbing t.he nmino add involvod•-r.i:, 
humocyHt.i1111rio), 

Pl(U, o disell!!c charoctcrir.ecl by mentnl deficiency, iY as­
nocintccl with the J>rei;ence of phenyl pyruvic acid in t.l1e urino 

and clcvat.ecl scrum phcnylalanit\c levels due to II heradit.nrv 
(auto,mmol N->eC!IHivc) deficiency of hepa(:ic phcnylnlcu1in~ 
hydroxyl11s.o, which convor(s 1>henylnloni11e to tyrosine. 
Tho nvailnbility oft,antnumt through cli<1t.nry intake is prod­
i<:nted upon cu1·ly dllloctiou. Mnny r;tutes hnve p1111,;ed lcgia­
lation for moBa-scrcening for :f>I<U in all infnnls. 'l'hc GuJ,h. 
rio t,ist is J)(!rformed by placing filt,er pnper diBc.c. im1m,g111\l,. 
cd with 8crum or blood on t:ho surfnco of n11 agllr culture 
medium c<mt.aining 13-(?.-thicnyl)olttninc nt tt concentrntion 
sufficient to inhibit t.ho nrowth of n sul>tilis. Ph,m,Ylalanine 
will rcvl)rl!e thifl inhibition and tho Bact.orinl Inhibition As­
!IIIY (BIA) is a direct mcor;me of thia amino ncid. Scrun1 
tlhm1yl11l11ninc dcterminntions nlso con be parform<1d by es\.j. 
muting the fluorescent'C of n complex with ninhydrin and 
,,op per in the presence of L-lcucyl-T.-11lonina. 

MSUD i~ chorocteri?.ed by the odor of the uriM nnd ro1>id­
ly iR fntul to infants. 11. is associntcd wit;h 1.1 deficionr.y in the 
oxidat:ive d(!corboxylnt.ion of a-kcto ncids lct1ding to 1111 CW(lll• 

mulntion of both the kcto nnd amino ncida in the blood nnd 
urine (vnline, leocine, isoleucine). TLC nnd BIA assnYI! con 
1,o tt8(id to detect MSUl). 

Alkaptonuria is a !'am, hcroditnry disenM in which homo. 
gontieir. ucid cnimot. be metnholir.od further due to n lack of 
hi1mogenti~ic acid oxidai;c. 'l'hi:1 cnu~ca homogont.isic 1\cid­
uriu, ochrono!lis and 11,thrit;is. 

In Narlnu.p di,wose, indole and tryptophBnci appear in the 
11rinc duo t.o defective 1·cnnl nnd intm1tin11I absorption of 
tryptor,hano. 'l'ryptophruw is 1111 intermedinry metabolite 
in th(I i,yntlrn~iu of sc,rotonin (6-hydroxytry1>tnmine} nnd 5-
hydroxyindole r1c:otic acid (Hf AA). ltxcossive production of 
serotonin t1ncl t;he prn80lll1C of ill! H 1 AA met.obolite in the 
urina ore nl'lso<:iut.ed with met.astatic cnrClinoid tumor!;. 
HIAA i1J mcnsurml 11ft~r rcmovnl of interfering ket.o acids 
with dinit.rot>honylhydrl\tine, oxtrnr.tion nnd cat.imntion 
with 11itr(1son11pht,hol rengent. 

Uoutinf! $cre(minR te.~ts for conneniu,I metobo/ic defects 
and the imbstanec under test in the newborn include Pl{U 
(phenylnlanino), MSUD (leucinc), tyrosinomio (tyrosine), 
homocystiuuria (mr.l:hionine), hiat.idemin (histidine), v11li1rn­
min (v£1line)1 gnlnd:Cl~cmia (gnlac:t.ose or guloctose uridyl­
transfnrnae), orotic 11r.idmi11 (orotidine-l-phos1>hnte daciw• 
boxylu:ie), nrginosuccinuriu (1n1.dnosuccinic }yaHc), horedi­
t.nry 11ngioncuro1:ic edcmo (C1- 1-estcraso inhibitor) und 
l!idtle-ct~H di!leni;c (hemor,lohin S). 

Tho nnnlyses for thcf:Ul sub:1t11nces ore hosed on BJ A, me• 
lttbolitc bnctcriul inhibition 11i1say (MIA), enzyme nuxotroph 
bactel'inl 11$~/.ly (ENZ-Aux), fluo1·esccnt spot test.~ or TLC 
IUHI elcctro1>hore1;is, 

Protcinfl .. . .'l'ho J>f(1$mo prot.ei11$ (nlhuminM, ({lobulins nn<l 
fil,rinogcn) are involved in nut.rit.ion, electrolyte 1rnd acid­
hose bnlnnco, t.r1m11pm·t mach,misms, C<lngulation, immunity 
1111d enzymntic action. 'I'otCII p/u.w11a protl!i'.1111 m11,11 be detel'• 
mined by }{joldahl, No.~nleriiation, Rpecific ion-puir (brom­
r.1·esol green d,11a plus albumin) or biuret procedures. 1'hc 
last t.echniquc is hnf!cd on the rcn<:ti<)n of --CONff-... ,ironpa 
joined by r.nrbon or nitrogen linkll((OS in protein with 11lk11-
line coppci· Hulfot.tt to yiold t.hc hiure( complex which elm hll 
estimuted colorimetric11lly, 'l'otnl prot.oin nlao c1111 l,e csti• 
11111(.lld by spar.Ifie grnvity, refractometric or UV spcctrnmot• 
l'ic moU1ods. 'l'hcsr. mcthod!j are 1mbjcct to lnrge enorH in 
the prcscneti of a 1>athology involvinK increased glucose, lip­
id, ureu or abnormal protein conconl.rot.ions. 

The albumin-(flobulin (A/G) rutiu iH determined 1.,y U1c 
biuret method 11fter prllcipit11tion of the gloht1linH wit.It a 
sodiom sulfnt.o-sulfitc reagent. '!'he normnl rnn1:e is 5.5 to 
8.0 g% totnl protein with an A/G mt:io of l.4 to 2.4. Clumgcs 
in totnl protein and A/G ratio occur in kidney and liver 
diae116r., hemorrhage, dchydrnt.ion, rhc111n11U1id nrthritie nnd 
multiple myelomn. G11:1t.rointcatinnl ulbumin loss, as socn in 
GI bloodi111i, ulcernl.ive colitis, iip1·uc und ent:critia, c11n he 
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fl{I 20 .. 4, F.loctrophorotlc sopnrallor1 of sorom proteins (I), isoen• 
zymos (II), hemoglol>lns (UI ), an(l hnnn111ooloctrophoresls of plasmu 
protoin (IV) (counosy, Splnco). 

dewct.cd by monitorinr, feca l mdioactivity afu,r IV injecl.ion 
orr,1cr-h1mHm 11erum nlbumin. 

The physiochemicnl properties of (.he plnsmu prol.eini;•--·· 
mol wt (68,000 to :,00,000) and isoclc:ct.ric; 1>oin1 (pH (1f mini­
mum i;olubiliLy und ionic neut.rnlit.y)---provide the basis fOI' 
1.he electrophorctic Hopinnticm of plrn11m1 proldns Wig 28•·4). 
'I'hc pll\$11\(1 snmpla ifJ spot.t.cd on a paper or colh1l0:m 11cel-lthl 
:)ttip, or inn pol)•11crylnmidc gel (disc or gel C1lcct,rophoresis) 
nl.pH 8.G. 

/It thi~ pH Lhl'l prot.einij are eledronnionic 11111I, under t;ho 
i110~1e11ce of electric curreu\., will migrate lo the onodo nt 11 

ru(ti <lepe)ldenf. on (.heir i6oolcctri<: point 1111d, in l.hll c1111ci of 
cellulose ncolnt.i: or gol lllect:rophorosis, 1.hoir mol11culur siw. 
Tho stl'ipa uni th<Hl st.oined with II protein clya (hfcmw1>henol 
hluo, Amidos1:hwnr1. or Ponccau S), and 1.h<i concentrn(.ions 
of th11 vnriour. proteins are ci,t.imatud by tlensiometl'ic sc1111-
ninl{. 

'I'he n<n·mol ranttes for the mujor p1·1Jt.oin11 nrn (in g%): 
albumin :l.8 to !i.O; 1.olal globulin, 2.0 t.o 3.!l; (v,-globulin, ().I 
to 0.5; <r?.'((lohulin, 0.5 to 0.9; /h,,lobulin; (l.fi to l.!~; 1··t~lobu­
liu, 0.'1 to 1.6. 

Ordinary ol(Jctrophorcsi:i doer; not identify tlH, subgroupB 
ofimmuno11lobulins, lgA, lgM, lgG and lr,R. 'fhis is uctom• 
pliHhcd by im111u11ot!lectrophornr;iu, 11 pro(:<!.llr; involving cilec• 
trophorc11is nnd imnwnoclifh11;iu11. 'l'hc snmplt! iH eledr<1-
phoriied in nn ngur gel (11.onc elllcLl'Ophvri::1,is) 11nd t.hen anti-
8lll'lllll ~o t.ho 111,ocific l g or to ioh1I 1:lohulins is plncc1d in a 
(.rough nlil(ned purallcl to t.hc 11xis of the original clcc\.ropho­
i-e~fa. Tho H01•um proteinH nnd nntiwrn diffuse t:owurd ouch 
other ,md form preciJ>itin (11ntigen-1111t:ibody complex} lines. 
Ordina1·y ccllulo~e acotnt:e or g<ll electrophoresis will perrnil. 
the rncognitio11 of diffuse, polyclon1)l cl,wntion of 6ennn im­
munoglobulins seon in chronic infcction9, ii;olntcd M-·pro• 
tcin peak11 of mnCl'()globulincmitt nnd mulf.iple myclomn and 
nhsent. uamm11 component in a hypor,nmma1~lolmli11cmi11 or 
agummaglobulincmin. lmmunoal<1ctrophor1;s;ii: will indi­
c11I~ 1;pecific Jg 11buormuli t-ici; or, hy not.inn Uw p1•ei;1mcc of 
uny displttcemcmt, bowing or b1·oa<lei1i11f( of the pnicipitin 
bnnd will nid in the cliognosia nf tho p11rairmmmoglobulin 
monoclonnl cliacmsc1111uch OA multiple mytilomn, m11cro1rlobu­
lincmin m· chronic lymphntic lcukemin. 

Rodin! im1mu11:,diffm1ion ill 11 :iimpll,, Jmlccs6 whkh nli;o cnn 
be us<ld for qum1tit11!.io11 ol' l11A, lgM and l1~G. 16 It is pt~r­
fonnod b.v incorporati1111 the 1mtibody in im ag11r 1rcl nnd th(in 
introducing the 1mtigcn or tr,:st imra into wolls punched in the 
agor. '!'he ant.igcn diff\1scis rndiull.v out of Uw well illl{) U11! 
1;11rroundi 111~ 1~0I media, und 11 visiblo prccipitin line form:i 
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whero the ant.i({(lll and 1111Libody haw rnuded. Qu11nt.ilfll:ion 
of lgA, 11:M unrl lgG aids in t.111; diagnosii; and difforonlJution 
of t'ollngon dis(l(11;H~, chroni c: info<;t.io11~ and liver diseos<l. 
lgli! ia host q11un(.it~\t;od hy imm1rnoehwt ro1>horc~iH or JU/I 
(soc Ht~ctio11 on lmm1111olo{ty for I-ho hni;is and pdnciples of 
Rl/1). 

Nophclometric tedmiquci. dul,<id inmumologi<:nl com,til.­
nr.nLs by JllMnuring I.he light-1:c::11.turing pr(,p(,rti<is of V11riou~ 
tmtifft~n-ontibody complcxm; in ll I.C!SL f:lillu t.ion. The Hyland 
iwstom mM:;urea thr. nmounl- of lo:~c1·-bcnm deflection ill, 1111 
angle by employing a ph1)f,imult.iplim· t.11bo wliich is 11ousiUve 
in the rod rngion of tlw ;;poet.rum. He:;ults MC/ t:ulculal.ecl hy 
1m elect;ronic••S<:reonintt syi;tom and rMd in p1~1·r.11nt rclutivc 
lighlrscnttcr ou II di1~ititl readout . 

Aut.omnwd clccf,rophoresis cquipmcmt. offcir8 compuf.cr· 
cont.rolled 1;umplc 111lplication, $it.lining options, clonsitonw­
try nml pattorn int.mvretntion fot· :im·um 1wotoi 11,:; ond i6oc11-
1.ymes. 

1!1111.y111e,; ..... gm,ymt.'1.i 11r(! prot.c)ill~ wh<)$0 biologic11l func­
tion is l,ho cah.1lysii; of chemical ret\1!tiOns in livinr, :;y:;ten,s. 
Bm.ymcs combiue wit.h the sub9lllnces 011 which they 11ct 

{011bstr11tc11) to form 011 intermedintc cmiymc•:mhsl.rnlo com­
plr.-x which is th<m c:onv<1rh1d l.o n 1·Mct.ion prnduct ond fiber• 
Ated c11iym,,, whkh conl-inucs it:s cat.alyt.ic: fundil)ll, 1.:11-
1.ymcs urCl hi1{hly <1pcc,ifie; ll. /'c,w exhibit. nbsoluk ,;pc:dficity 
nnd ctitnly~.e only one pnrl,icular react.ion, while, of.hers 11r1\ 

sr>ecific for tt 1>urLicolur ty1>u of chemical bond, functionlll 
grouI) 01· ~tereofoomcric 81.ructure. 

Mo~timrum eniymc>,i; of dinil:iil Sit!lli lfotmcc aro int.r1wc1ll11• 
lnr in ol'ir,in 11nd are ekvut.cd in hypcruct,ivi(.y diso11so, m11lig-
1111ncy or injury to cardiac, hcpntic, p1111crculfo, muscl<>, bonti 
nml (,h;suo, /I~ the 11pccific t.is:iuc involvod will duttmnin<i 
Llw t.ypo t)f enzyme thnt will he elevnt.ed, such del.1mnino­
tions nrc vnluable dingno:;tic tools in the diffcrcin1.in1.ion of 
v1ll'iou~ patltolo1iic11I utal.c:;. 

Enzymes Ul'Cl 11111ncd 1111d do~~iffocl 11ccordin1t 1.o the I.YI)(, of 
1·eaction l-hti(, Uu,y cal~ilyzo, (lnd to their ,mb~t.rnl.1i ;;p tidfi<:•· 
iticH. Ji:nv,ynrn act.ivi t.y 11sw1lly is e.xpn18s<id in lntornut.ional. 
Unit.., (JU) whcr.ci 1 unit (U) is 1-h!ll. am0t111L (if \.he mny1M 
which will t•llhtlyze t.lic tmnsformnt.i <.m vf l ,,moln of sub­
!'11,rnt<i/min at. ddinite 1.empernt.urc, pH und suhst.rut<i-wn­
<:<mt.rution c.·<mditions. Hofer l.11 Chapter (12 for a 11101·c com• 
plet.e dii,cusi;ion of ciw.ymo:;. 

1·•ron.~/er11.w, 111:0 <m11ynu:r. I.hut. 1!11talyz(! thn t.l'OJ)sfcr of 
amino or phoapl111tCl r,roup:; from onci compmmd to anoUior. 
Aspnrtat.e 1m1it1(>trnm,forust\ (AST) und alanino mniuoLrani;• 
fcirniie (ALT) 111·e important in d ini<:11I tlia1{no8is. 'f')W!;(! 

enzymes cutnly:r.,i the t.ronsfor of the r11ni110 11ro11p fr(lm gh1-• 
tamic 11cid to kot.o ndds (oxa!Mt:cl.ic ()I' pyruvic} tc, form 
ai;pnrt.k 11ml <~··kc l~>1fl ttl.nric aciclA wil.h AST (ll81)Ml~1tC111mi• 
nut.J•on~fo1•ai;e) and 11lnnine and <r-hcto,rl11L11ric 11<:id with 
AL'J' (ulunine nminotransfornse). 

Coiorimet.ric methods oro lm~ml 011 an e8timaljon of I.be 
rna,:tion prnchtct.q (oxalt)ncetk or pyrnvic acid) wiLh dinitro­
phcn.vlhydrn1.i11t1, or suhntrnt.c (o•-k\\!.o:;luluric ucid) by co11-
pli11g with 6-bem:nmicto--1-mc1.hoxy-m-Loluidincdinio11ium 
chloride. . 

Spnctromcitric met.buds 111'(\ htrncd on tho r(iaction nf (.he 
prntluct pyrnvatc wit:h luctk <lnhydrngonnsc 1111d NADH, or 
of oxnlo11c<1h1te with muHc dnhydrogcmni-i<i and NA.DH. Tho 
ro.t.e of N/IDH util iz1.1Lion is meu8111·ncl by tlw dccrna~,1 in 
nbsorbnncc a(. 310 or 300 nm und is clim<:Uy proportional t.<1 
t:rnllHllllllllll$C 11ctiviiy. 

Normal AST un<l AL'l' licveh; are <40 mU/mL. AST is 
prcHcnl, iu laiw, aminm\.,; in livor, e11rcliuc 1111d :;lrnlcital mus­
d 11, whorena AL'l' ill found r>i·imnrlly in liwr till!JUn. AST is 
l•!levnood in myo(:,mliul infm·ction and Ducbenne m11:1col11 r 
dystro1>hy; AST und ALT nm incrM1,<1cl in liwr dikonm,, 
ucut.e l.oxic (II' virul huputitis, infodio11s mm1onucleo!lis, ob­
;;t.ruct,ive .inundice nnd h(1J>nl.ic dn·hoAis . 
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Creati,w hinnse (CK) is u trnmifo1·a;w found in rnusclnnnd 
brnin t.isntw. ll cat,llyzc:,i; (.lw l,rani;for of phosphate 1,roups 
from crou!.inn ph(Js1,hul.111.0 nd1mi1$i0t1 <liphoilphttt(l {1\ DP) l.o 
form adcmo~in,~ ldpho~phnte (ATP). A<!l.ivnted Cl< nd:ivity 
iH n\l,asm ed hy following ~lrn in<:rumm or 1\ 'l'P in t.he ci:c,11.i• 
nin(! phosphak--ADI' t·Mt:Lion in (.he prcsc.mcc of gl.ut.ui-hionC! 
m· c:y~khw t.hi.ol act.ivnl.orll. Tho A'l'P c1111 bn nwnnurcd by 
the flunri111<1l.l'i<: detem1i11ntfo11 of light emi1,led by luciforin­
usc convcffsion of luciferin to ,ulcn_yl-nxylueiforin in t.hu pi·e:'" 
1.mce of ATP. Normnl sc,rum leveli; arc <GO n.1U/tnl..; it, i!1 
lllovotcd in mvocardiol infurct.ion ond Duchcnno musculat· 
dy,;t.r<>phy, but rcmainfi of. 11orm11l lovtils in livm dhi<l/18(). 

Om.,:thine /.1·<1111iearb<1111:,1/(1.~c (OTC) in ,mrum is t.he only 
etws nrn of th~: urc:~ eve!<, which hus buc11 \I St>.d in Urn dinical 
inv~!:;\:ignt.i<Jn of livm,-dise,u.;(). h c111.11ly1.cs th<: co1wtirsion of 
orni1.hi11<1 t.o <:itrulli1w. 'l'ho nornml 1<1w1un valor., ii; 0 to O.<J 
mU/ml,. 

Oxidorwi11c/.use,; 0 1· de/Jydni}f1m<1ses 111·<~ t>.nzymes thatc11t­
aly1-o hyd1·0~:<:n 1.,·ani;for in c<~llnlar ,,xidat.ioo p1•oc:Mses. 
Ladic (J,J)l-1) , 1\ •hydroxylmtyric (J-1 JWH), ma lit (MDJ-1 ), 
,:lutamic (G/,l)H), ;.~odlri.c (ICON) 1111Cl sorbilo/ (SDJJ) de­
hyrlrogcmuseN nm of dii11~nostic impor(.1111<:u in myocardial 
:md live1· dis<-lmW. 

1.,/)J-J cat..nlyzos the r<J\1ernible convl~r~ion of pyruvic I.(> lac:• 
tfo ncid in Uw presen(;ll of NADH. 'l'lrn nct.ivity 1My be 
estimat.r.d colorimet.ric1.1lly hy forming I.Im pyruvic ncid hy­
drmmne wit.h 2,4--dini\.rophcnylhydrni in<li spedrnmotri(: or 
nuorimetric estim111.ion of NADH in I.his rcnction nl~o is usotl 
to cM.im11tc cm1,yme nct.ivit",y. 'l'ho 11ormnl scl'lllll LDH v11luc, 
i11 <200 mU/mL (pyrovatc .. , h1<:it1tc) 1.111d <50 mU/mL (l11t,­
t.ate .. .,. pyrnvnte). l.rDH ii. incrM~ed to a munh grMl.er 
extent and for II more prolonr,cd pol'i<>d tlmn AST or Cl< in 
myoc1.1r1li11I infarction; il also i~ incrnn:.ed t(> wrying degrees 
in cort.oio typu~ of hcp111.ic llisMsc, di~,icminutcd malig1111n­
cics, pornidv\H1 nnemio nnd 1m1sculur dyfft)'()phy. 

Heccnt mlvnrw(!s in prot.cin c hmnis try :md t.<idmical met:h­
odology hnvc lc:d to fr1.11)1.io11111.ion of cm.ynrns, previoti!!ly 
1.hought. t~) he homogonco11~, in(.(> hetert)({()rwous moiet.ies. 
Thcso mnlt.i ple--moltiwlar formi, of enzymes (i~o,mz_yme$) 
have similar ~uh,il,ratc spedl'idl.y b11I. difforc.mt. hiophy$icnl 
pro1>11rtics. LDH, MDH, Cl<, 11hos1>hot11~e~ nnd lcu<:ino 
ami11up1ipt.itl11sc c:,xist in isoenzyme forms. 

CR ii;o<•niymcrn nro import1rnt in t.lHi Ml'ly d<it.tiction of 
myocnr<linl dullH\/lC, Two CK molec11l11ri;uh11nit.s, M a11d B, 
pror.luc:n Uneci io.:oon'l..ymos: CK-MM found prim,11·i ly in 
skelclf1I nn1sde½, Cl< -MB in t h<\ myocarditun 1md Cl<.-BB 
primnrily l'ro rn tho hrnin. Aft(;r neut<! my(>cardinl infarcUon 
(MO, CK-MB 11ppam·~ in !be !le>·um in upproximot.<.,)y 4 t:o 6 
hours, rnach1'5 poulc 1wl.ivity nt l H l.o '.M hoUl"S 011d may 
diuappot1r wHhin 72 hour8, Dingnoatic tcstini:: of Ml i11-
cludei/. CK tlnd LDH isocmtvmes. l•:nl'lv detedion of CK­
MB allows the manugement of myoca~cli<1l info.rct:s wit.h 
agmit~ such ui. i:;troptoldrnrne OJ' t.ifi!Jtte plnmninogen adivat.oi· 
('i'PA). 'l'hc m<,t:hocl8 of u8!>ci!llmont. incl11d11 eloct.rophorc• 
si~, column dm>ml\tO({rnphy and immunoinhihitfon. 

Scl'um cont.uin~ five LDH isoe1w,ymos, each a t.etmmer 
c:11mpo::md of' on (1 or l.wo monomc:1-i;. J.,DH I und 2111·0 found 
in pro1).:mder:wc:ll in honrC kidmiy and HHC; wlwnms liwr 
nnd i,kclo\.lll musdH h1r1tely (:Onl~tin I ,DH 4 and !i. lnf.or•mn• 
di11t.o forms 1)r«vail in lymphatic t.i»sul~ and n11my nrnl i(.'.nan-­
dos. Tho fruc1:iouation of LDH is,)eniymefi h; imporl.11111. in 
t.hll d iffr.r1mt.ial di111immi:; of c1mlia1~, 11n1scle. and liver di~ -­
i:iml\. It ,:1111 he IIC(:illOJ)lishcd wil.h DRAR-colluloHe d1i-omn­
l.01p·11ph_y, ele<:t:t'Ol)horm.is, m1lfit.c! or 111·11t1 inhihit.ion of spr.df­
ic is<•eniymcs, ihcmnnl ~t.nbilit.y mid snh,;1.1·ot.<1--co11c~n1.rn .. 
t.ion 1·uq 1.1 il·ome11t!l. 

JJB/JJ-J reduceli ct-- lwt:ohul .. _vl"k ac:id t.«) <(•hy<l1·c:ixyl.,u\.yd1: 
ndd in I.lie p1•1J};H11ce of NADl·I; 1\:,iimniion of t.hc 1t·--k<1lo <11\id 
via hydntzono fornl(tl-ion or NADM i:; ,he bnsi8 of ,wtivit.y 
11101J!l111·cm1mLH. Tim normul MH'Ulll HBD lov1\I is <J,JO 
mlJ/m L: it. is e l1,vnt:<!d in myocm·dinl iuf:-u-ct.ion. l,l)H l is 

high in HBDH nct:ivi1.y. '!'ho rat.in of lolol LDH/IIIIDt·I 
often i:; mmd in µInce of LDH isocmzynrn dr!terminal.iun. 
HAl.ios >O.ll :,rn ~e<m in myocnrdinl inforct.ion and <fl.G in 
ac11\.(l li.v<ir dumflge. 

MJJJ1 and SDJ-1, in tlw 1m1sencc of NAD, ,,nt,ilyz(, t-lw 
co1wer11ion of mftl11t..e or :iorbi t.ol 1~, ox11loat«il.ut1i or fnu:t.OKf:, 
1·(,:;J>cct.ively. They nrtHJf diar:n<,~tic v11ht(1 in MI (MlJH >,J8 
mU/111L) nnd ucotll livw· injury (SDH >06 mU/mL). 

JCl)!-J oxidizc11 isocit.rllhl, in t-hli J>rC$cncc or NA DP or 
NAD, f.(> (r-kct.01rlut111·11te; ii. ii; olevated (>fi.O mU/mL) in 
ncutc hep ntit.is. 

H;vdrnl<lse.~ nrc cmymes t hn1. cnti1lyze the add it.ion or t.hl) 
oloment~ of wnl.cr ucro~s t.hc bond which is clcnvod. llmv­
/uses, liposi>.S, phl)SJ)hQtastis, 5', ,wc/eot.ida~e, ')'-1/lu.t.am,;1. 
/. IWl$/>t•ptida.~,i and /<!11c i11e t1mi.nopept:iilas11 lll'll ~pecific nx­
nmplos of clinicnll:v irnportont. h,vdrola~m •. 

Saliv11ry anti p1111crc11Licamy/w,e.~ hydrnlyz1,1 thll suh11t.r11le 
~tnrch to mal\.osc and dextrinR. Amvlm,11 11eth'i l.y 1,11n b<, 
mot\Sur!ld by p1·oc1idl11'e8 b11Kud on the ioss in cort11i;1 pi·opei·-­
t.ios of 81:urch n1; it is hydrolyzecl (mnylocl,,.~tid, 111· by 1.hu 
goi1m·11t.ion of rndudng subst.fm(:es (sa£·tlrnrogeni<:). The 
amylodnsLic nwthotls 1.181! f.he do<,r.tmse in vir.,r.osit.y :rnd tnr ­
bidity of hydrolyzed wnLer-solublo star:ch st1bst1·01es, or 1.h11 
react.ion of st.nrd1 wit.h iodine as t.Jw nwthod of' cstim£1t.ion. 
A 11c,wcr procc:.dure us1.1s I.he colol'imel.ric dct.onninnt.ion of 
watur-~olublc dyo-dextr i11 frugments 1·ele11sod hy amylolyl.ic 
hydroly,;is of n cro~s .. fink ed. water-insoluble, dy1J-st.ard1 
f)())ymer. Th1i sacclrnrogcmi<: 11)1.'.\.hod:i dct:tmni11e 1:hc 1·c11<:-
1.im1 p1•oduct-s (reducing sugnra} by a prnviously den<:l'ibl!rl 
methodology. The oormal H1m11n l<ivel is 140 mll/mL; <,,ll\· 
val:ion~ 1u-o nol:<id in fteut,l! p11ncro11ti t.ii;, ac:ul.e abdominal 
condil.ion:; (r>cirforared t)eptic ulcl!r, com,n,,n bile-duct. oh• 
strucl:ion) ,rnd ,;nlivary glnnd di:;case. 

1,ivnws c11t-0lyi.c t.Jw conv1?rsio11 of triglyc:t?ridns to 1~lycerol 
nnd fott.y ucid11. Clinical tle1.<irmi1111(.ions urn bmwd <)ll t.lw 
1:i trimc1.ric 1111alysis of f/\t.t.y 111,id s liberated from 1111 nmulsi• 
find olive oil s ub~;l.rotc, cW fluorimetric c,st.imatfon of flt10r1!S· 
cein lilwrnted from a fh1<>l'!'!kCtiin fat.Ly acid ei,l.~\1· s11bstrnte. 
Serum lipase i~ increased in p1rncr<,11t.ic corcinonrn. 

!'hosp/wt.uses 1:1\\.11ly1.e t.lw hyd.rol~,sis of orthopho~phoric 
nr:i(I (i$U!l'S, null Ul'C dussiffod nccordin8 l.o tJ1e 11H of opl.imnl 
1ll:t.ivil.y inLO llllrnlinti or acid phonphnt.n.<;clj. Act.ivi l.y (olka• 
Ho~:, pH ll to 10; 11cid, pH •1 to 6) is mN1~urud wi~h phenyl 
phos1>hat:0, gly(:erophosphoH\ f)•nit.ror>hcnyl phosphut.11 ol" 
t,hymolplit.h11lci11 m1)nophosphnt.1i sulmtratos. With t.he 1111.• 
i-.er l.wo 1.1Jm>1nogcnic substrnt<\S, t:lw Ammmt of p -nit.ro•­
phonol ell' 1.hymc>lphU1olHit1 lilmrat<:d hy phos1>hnw.1~1i hydro• 
lyiiis is <,stimul.cd r.ok,rim,Mic:ally in nn 11ll<alin1, med ium. 
With i1 gly<:Cl'ophosphnt.e or phenyl phm;phnt.e sub~t.ral.e, l.!Hi 
lihel'llted pho8phoru~ fa dot:<mHioed hy molybdenum bhw 
l'onnoticm wii.h phosphomolyhdic-phosphot:11ng1Jti<:. acids; 
plmnol nlso moy bli cst.imat.11d wit.h 4--nminormt:ipyrine or 
Fol in --Ciocul l.enu rr.111{<.!Jlt.. 

/1ch/ p/J1.1Hpha/.u,qe· or.t:ivil.y 11111}' be: cliffllnmt.iai11d h:v (.)w 
wi<: of inhihiLor~ in t.he n11~1l.Y mixture; fnl'm11ld1~hyde Im~ 11,) 
dfoct. on ncid phosp hlllMo of p1·u~t.a1.ic orif{in, 1ml. it inhibit..~ 
other acid pho::;phuL11$c1s, while t:ort.rate i1111 sclccf.iw inhibi • 
t.or of the prostnl.ic euzymc. llc.id plwsphut.m:1e i~ of 11 pri· 
lllllr.Y diagnostic vnht<J in 1111)1.m.,tnt:ic ,:,u·cinomu of t,hr.1 ])I'<)$· 

t.nto. 
Normnl v11lues for allw/ine plwsphau,se nctiviLy dcp1md 

0 11 Lh<l suhfltrot".011.-;od; ul1·wat:iornJ in 08t.oom11l11cin mid in hon<, 
t.11mor1; dcJ>tmd 011 t.l1u dtigrco of o:-if.eolyt.ic or oi;t".t!obli1st.i<: 
activity. 'l'he cnzym-0 (i~c)~ni.ynw) a li:o is t•lcvatod in oh· 
stna:tive jnondicu, hcmr. 1\lld liv~,r cli~(!l.l~o. 

T he em:ymc, 5' -nucfoot.idase iR nn ,1ll1nline phosphomono­
l!~l.twn~e t.hut. hydroly?.es nticll,otidcs wi th a phosphut.t•-rnrli• 
t:r.11 iit.tMihed t.o t h<i /\' ·J><>Sition of tlm pc,nt.oi;CJ (ng, mlcnosinc 
m<)1101>ho~1>h.11te). 'l'IH! 11onn11I ~et'ltllt val110 ii; J'l mll/1111 ,; i(. 
i,; 11lw111.cd in lw1)utic d i$<i;cse. 

IA!l.tt:ine 0111i111)J)<' f)t.i (/11,;e {LA P) i~ Hll llX<lJH:pLi<lm,u which 
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hydrolyzos the peptide bond udj11cent t.o II free 11mi110 group. 
lt libcmtcs amino adds from the N-tcrminal Kl"OUP of pro• 
t-0ins ond 1>olypc1>Udo11 in which the free amino group i& 11 I.· 
loucinc residue. Activity is <let.ermined by spectrophol.o­
metric (!ijtimotion followinB hydrolysi~ of the umide bond of 
ii leucinumide ~uhstl'(1te ut. 238 nm. Clinicul estimations 
ua1111lly nre performed on synthetic 11ubstrutes, nnd since 
there iH no correlotion botweon clc11v11ge nf loucinomide and 
thllAe subHtrat;oR, the LAP-like activity is designul.ed leuci11c 
urylamidC1se. A 11uorometric determinal:ion of 1111phthyl•· 
l\nlinc libcrnt.ed from n leucyl-{l-nophthylamide nnbatrote or 
colorimetric dot.orminntion of p-nitroonilirni liborotod from 
leucino•,>•nitroanilide aubstrn.te nlgo hns been used. The 
normnl value iA 8 to 22 mU/mL; it is olcvnted in tho lost 
trimllS1.er of 1mignnn<:y, he1loto-biliory disease ond J)(lllCroot­
ic <:al'<:illOlllll, 

Sernm -y-gliiuun.yl tmnspeptiilase (-yGT) is iucrMscd in 
disensck or the liver, bilo ducts ond p1)1\c1·ens. 'l'ogether wit.Ii 
11lk1!1ine phosphnt1u1e, LAP and 6'-nudootidaso, -yG'l' uimol­
ly is teated in thll group of cho)eijuiaiR•indicoting om,yme11. 
'!'ho as11ny ia bnscd 011 t.lie hydroly11is of -y-glul:omyl-p-ni­
troanilido. 

Serum ly.w,zynrn (m11rnmidase) oct.ivity ill incre/lijod in 
certain ty1>eS of leukemia. Sorum orginuae, nn enzyme 
which hydro)y?,(lf! arginine to ornithinc and urea, and serum 
gu11n11He 1iro sonHitive indice.t-Ors of hepatic necrosis. 

Lyases a.re 1m1✓ymes which split C-- C bonds without group 
trnnsfor. Aldolase ie ll glycolic lyaso whid1 c11wlyzea the 
r<,vo1·11iblo spliU.ing of frucloae 1,6•dipho,!1phot~ to forin dihy­
droxy11cetone phosphate ond glyc(lrnldehyde a-,)hosphnte. 
In tho e11timntio11 of activity, I.ho t rio!!e t>hoaphntr, renction 
product.a ore, hydrolyzed wit:h nlknli nnd U10 resultnnt. trioscs 
nre reacted with 2,4-dinitrophenylhydrniino to form chro­
mogenic hy<lrnzo1ws for colol'imctric annlysis. A speci:rn• 
photometric estimnt.ion is mndo by coupling tho oldolnac 
rMction products with o <lohydrogcnnse acting on one of the 
t.rioso phosphates tmd mealluring concomitv.nt change11 in 
NADH. The normal vnlue is <8 mU/ml,; it is elevated in 
muBCtllur dy1,tl'Ophy, polymyo~it.ia ond ncut.e lwpntiti&. 

1'hc signific1111ce of scrum-enzyme, chnngo11 in hepntit ia is 
J!OOll in 1•'ig 28-5 nnd llt11,yme nct.iviLy following myor.ordiol 
inforcLion in Fi(! 28.6. 

11)(11100 nil (billrublnt 
,r,U/ml (oniyrnos) 

2000 

1000 

500 

200 

100 

50 

:!() 

10 

6 

2 

___ .....,,.J, •• 2&. •. - ~fd 41h \'JIii 9.!!.!. 7111 01hW68k 

Fig 28-6, Typlc-,al courso of otteratlons in ~1irum enz.yma activity In 
acute 1111111 hoplllilis (counor.y, Schmidt E, Sc!imidt FW Med Wolt 2 t: 
805, 1970). 
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Fig 28,G. S(uum en2ymos following myocordinl Infarction, AST, CK, 
LDH and HBO are con1pnrod. 

£,ipids--The mojor clo~sei; of blood lipid$ arci fa tl y 11cids, 
dwle.~terC1l, triglycerid,iH, phospholipids 1111d lipoprnlcdns. 
Hyperlir>idcmia iB not a single aborrniiou and theru ll.l'(l n 
number of different hyporlil)idemic stutes. Lipid-profile 
tests int.ludo me11i1urcm(111t:,; of cholci;~crol, 1.ri1(lyccride, 
phospholipids and dct(mninatic>n of lipt>J>l'Ol.(lill phc:not.yr>es. 

Cholesttirol, a sterol molecule, is an easC\ntial ~uh~l~m1ic in 
6(,(!roid-hormone ,;ynthe~ii; by Lhc odrr.nnl cortex irnd hi le 
11cid pruduet.ion in Lhc liver. It cxi~tli in blood 11s tho free 
11terol 11nd 111, cholcst.erol ostorij of fotty acida. 

In the doterminotion of /:otal cholesterol, the serum i~ 
extrar.1.od with nn lllcohol•ethcr mhd,tu·a nncl l:lw d1olost.orol 
e:itimotHd colorimotricnlly nfl.cr reoct;ion with ncotic nnh:v• 
dride-1mlfuric ocid reagent. (Licbei·munn-Burr.hnrd roac­
tion). Tho proci1>itntion of froo cholo~t.erol with d igil.onin 
will diffcrnntintc free from eBt<il'ifitid d1olesllWC>I. Chto· 
m1\t.ogro1>hic sepnmLion of choles Lc1·ol from it~ CHt<H'S on 1lh1-
mi11a, 6ilicic acid or mngnesium $ilicat(1 coh011n11 with organic 
f!.olvent.B 11IM0 has been used. 

Gus dm)llllltogrnphic prO(\C1dme:i havo rnsulted in the Ht•P· 
urn tion and quontiuitiou of diolost.llrol, its meh1holitcs imd 
precursori;; thiM h1 a type of p11rl:itio11 chrnmatogru))hy in 
which a volnLiliied sample i1:1 pnrlilioned beLweM o liquid 
sl.l\tiolllll'Y 1>luu1e nnd o mobil<i g11s phase. The norninl-odult 
t.otol-Aerum-chole11torol hw1,I i~ 150 to 270 rng/1 00 mL; it is 
incrP.nsed in hy1,erlipemin and apecificnlly in hyper-P .. Jipo• 
protoinemin, l)ephrosis, diuhcl.es mcllituH nnd myiwdema, 
nn<l decre11acd in hype1•1,hyroidi1nn und hepatic dise11se. 
Pree eholostorol c-0mprise11 20 t.o 40% nml t.hP. cater l'rnction 
60 to 80% of the t.otul scrnm d1olei;terol. 

Phospfw/.ipicls nro "compound" or "h(lteroli1>ids" which 
contnin phoB1>horus, u nitror:en base ond n long-chnin fotty 
ocid. Lecithin (pho11phat.idylcholino~) and cephlilin (Jlho!!­
plrntidyleth1molomine or ~erine) nre the principal plmuno 
phospholipids, which 1101·1nnll.v comprise ono-third of UH! 
t:otnl plm1rn(l \ipidR, Thoy usually nre bound to li1>01>roteim1. 
'l'hose serum lipidB ure extr(lr.ted into on al<:ohol-e(.hor mix­
Umi, digcstod wil.h aulfuric 11cid-hydrogm1 poroxid(l 11ml tho 
liberated phosphorus dctermi.ned by eolorimot:ric tech­
niques. The nm·,nnl lipid phof.iphoruB is 6 to 11 mg/100 ml..; 
11hm1t ono-hul( i~ fociLhin. '!'he 11verngo rntio of cholesterol 
Lo lipid phoaphorua whl!n chol1i:it.ernl i11 uorml\l is 21. Pho:l-
1>holipid chango9 usu11lly aro Ottijociuted with cholo~tnrol 
chnngea Llnd nrc of intcresl. in coronary 1n-t:ery and liver 
di~ca:1e:i nnd U1e hyperlipoproleinemi111;. 
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