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Preface to the Twenty-First Edition 

For O\·er 100 years and throughout :W previous editions, l?em­
i11gto11; The Science and Pm<'lice of Phnm1<1cy has stood a~ the 
definitiYe text and reference som·cc ofnll aspects of the science 
and pra tice of phannac~•. In this new edition , you will find a 
text that is practice-oriented whi le mnintnining its tradition­
all,· reliable co\'erage of scientific aspects. The 21'' edition 
keeps pace with the changes in pharmacy curriculum and pro­
fessional pharmacy practice in general. 

In the ~•ears since the first publication of Remington's 
Pharmaceutical Sciences. there have been many changes in 
tJ1e field of pharmacy and pharmacy practice. Although this 
edition of Remington maintains the general philosophy of pre­
,;ous editions. several changes have been made to present 
fresh and new information and to take advantage of the 
ad,·ances made in recent years . Each section of the book has 
been critically reviewed and revised to refl ect the emerging 
trends in the field . The overall organization of the book is the 
same as the previous editions. 

The biggest change in the 21st edition is in the Pharmacy 
Practice section . This section has been reorganized and 
expanded to reflect the changing realit ies of comtemporary 
practice. The integration of new scientific information into clin­
ical practice is often difficult. and one of the key purposes of this 
ection is to help clinicians translate these scientific advances 

into clinical practice and care of patients. This section brings 
the reader up to date on the latest trends and approaches. New 
chapters have been added that cover the areas of: 

• The application of ethical principles to practice dilemmas 
• Statistics applied to pharmacy practice 
• Technology and automation 
• Professional communicat10n 
• Medication errors 
• Re-engineering pharmacy practice 
• Management of special risk medicines 
• Specialization of pharmacy practice 
• Disease state management 
• Emergency patient care 
• Wound care 

The Pharmaceutical and Med icinal Agents section is the 
most very useful part of the book in terms of core drug infor­
mation. For this tditir,n, v.e've added more than 100 new drug 
monographs, and the previou~Jy existing matr;rial has been up-

dated. We rea lize that this is a section that is nearly impossible 
to keep current, and we've triecJ to inclucJe as many new cJrugs 
as possible. Because of space constraints, we were limi tecJ to the 
most important or most widely used cJrugs. 

Another significant addition to this edi tion is the expansion 
of the Phamwcodynamics and Pharmacokinetics section to in­
clude the new, growing area of Pharmacogenomics. This chap­
ter highlights many of the importa nt advances including: prac­
tical applications and technological considerations, molecular 
diagnostics for optimizing drug th erapy, and pharmacoge­
nomics and drug development. 

Many people were involved in creating this edition. I am 
grateful to all the Section Editors and a uthors for their skillful 
review of the literature and for incorporating their own unique 
perspectives and experience into their chapters. With this edi­
tion we welcome five new Section Editors. They represent a 
wid~ geographic diversity and spectrum of experience. We also 
have approximately 100 new authors who represent over 32 
universities as well as positions in governmental agencies and 
private industry. 

I also gratefully acknowledge the extensive contributions of 
the authors and Section Editors of previous editions of Reming­
ton for laying the foundation for the current volume. I recognize 
that we all stand upon the shoulders of giants and are sup­
ported by those leaders who taught and inspired many previous 
generations. 

I especially thank Alfonso R Gennaro, PhD for his continued 
support. Dr. Gennaro was Remington editor for the past four 
editions. No one is more familiar with Remington than he is. Dr. 
Gennaro has been instrumental in the creation and review of 
the drug monographs. Ensuring scientific accuracy is critical in 
a book such as Remington, and he has been very generous with 
his time and expertise in this area. 

A heartfelt thanks also goes to Mr. John Hoover, author and 
indexer, who has been involved with Remington since the 1960s 
and has provided editorial guidance at every step of the process. 

It is a pleasure and honor to work on a book with such a long 
and rich tradition . 

Randy Hendrickson 
Editor 

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

EVOLUTION OF THE DRUG DISCOVERY 
PROCESS 
The need for property-based design follows from the natural 
evolution of a re;earch and development process that seeks t.o 
become more efficient. The growth and decline of markets and 
&eeiol'll is a natural process that applies to every life structure 
whether it is the univen.e, an individual, or a market sector. All 
have a sigmoidal curve with periods of vulnerability, growth, 
and decline. For the pharmaceutical new chemical entity (NCE ) 
sect.or, this is shown in Figure 38-1 as NCE-1. Of course, the de­
clining phase is of major concern and usually is seen only in retr 
rospect. However, Charles Handy has pointed out that given 
enough foresight, organizations can renew themselves by 
changing their operational paradigm.1 Ideally, they would ini­
tiate and build the ba.!iis for this change during the o phase 
(shown in Fig 38-ll. If suc.ressful, they could then initiate the 
hypothetical Sf)(X)nd curve, labeled NCE-2 in Fig 38-1. What 
then are the cau.lieli for the aging of the NCE-1 cycle, and wha t 
will fuel the initiation and growth of the hypothetical NCE-2 cy­
cle paradigm? The rtkvance of propc,rty-ba&(:d design in this 
cont.ext. is discusst:d below. 

GROWTH CYCLE DETERMINANTS 

NCE Paradigms 
The first growth epoch for the pharmaceutical dev1,lt,pm1:nt wa11 
driven by the application of phy1,ical<hNnical principl<:11 to the 

720 

_ _,. 
r, 
\ 

\ 

CHAPT~R 38 1 

~ f.~ l 

I 
l 
I 

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

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

The realization that a more integra tcd process of discovery 
was necessary became apparent only after a painful period. 
Early in this second epoch, a lot of energy was devoted to com· 
pounds that have been coined high affinity tra ps.2 These arc com· 
pounds that have very high in vitro activity but poor aqueous sol· 
ubility, This occurred because of the needs of high throughput 
screening to automate the dispensing of compounds in a 96 well 
format. Because accurate and economical dispensing of powder 
is not possible, all reagents must be added as solutions. Liquid 
dispensing required a very general way to dissolve compounds. 
So the solution was to use small amounts of a very good, univer­
sal solvent, DMSO, that dissolved almost all organic compounds. 
The problem was that property-based factots like solub11i1y a11d 
di.ssolution are not accounted for. Lipinski sounded 1he warning 
to the industi:,- w!th hiti rule offive mon3 Subsequently, de~el· 
opmental scientists have put into place a number of high 
throughpu~ physical property screens that could be used dunug 
the discovery phase; hence the realization of a neecl for propertY· 
based design. However, the,.e arc signs that this epoch may be 
reaching the end of its growth phaso. D1Mnsi4 hos shown lhal 1he 
NCJ,;.1 cu"'.c in Vigurc 38-1 for now INDs filings reached 8 

plat..cau durmg the 1980w and has declined in the J990s. 
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~ure 38-1. Charles Handy's sigmoidal growth curve. (From Handy C. 

67 ~of Paradox Cambridge, MA: Harvard Business School 1995· 49-
rat'tOn rYtr1

II
nght Cl 1995 by the Harvard Business School Publish;ng Co.rpo-

a rights reserved. 

Because th b. t h I • theli •ts . e 10 ec no ogy paradigm may now be reaching 
mi ofatseffi • • • fol'lnatics)will ~•ency, at 1s prop?sed tha t a new paradigm (ln-

lllo]ecuJ begin to evolve, taking advantage ofan increased 
llltbeco; unde~standi?g of the crystalline state and advances 
~. Jlhase ot~alional sciences, especially mact:une learning. The 
~CE-2, will i;;;r~ 38-1 may be upon ~s. This new paradigm, 
CiaJly info . nven by both technological opportunities, espe-

rnatics, 8nd pharmaco-economic constraints. 

Pharmac E . 0 • conom,c Constraints 
COST-In a rec t h. 

Pointed out th t e~ w 1te paper by IBM consultants it was 
llleot is rapidl:s~~e. mnovative driving force for drug d~velop­
to consumers w/1tg from the manufacturers and physicians 
zations (MCO). O~ce m many ca~es are managed care organi­
new consumer . of the most important imperatives of this 
teir control of 1;

0
;~e co~trol of rising health care cost. With 

Uence in the fut ulanes, !"'f C~s will exert considerable in-
REGlJLATOI~; on the direction and limits of innovation.5 

~ry agencies are re~ SAFETY ~ At ~he same tin1e, regula­
L the short term q .dirmg electronic filing requirements that 
•iave th cons1 erably i b • d e P0tential to . d ~crease cost, ut m the long term 
the1anding of side eiee revu~w. In addition, because our un­
'equ/0technology epochct: ~a_s mcreas_ed substantially during 
exa renieots for NCE h e ·Imposed industry and re!!Ulatory 
l{o~)le,safetyscreen 5 ave becom_e much more string°ent. For 
hav ia ly fatal arrhytl s ~re now available for eertain types ofpo­
rha e~n found to b lmias_<torsades de po'intes syndrome) that 
loxi~~els in the hea~:ssoc,~ted _with drug binding to potassium 
r•!'fn' Yscreens are alsso con .,ucb·tl1on fibers. Chromosomal geno-

ce 1i•th ava1 a e th t d • format' 1 normal nl't t' 11 can elect a drug's mter-
1ncre ions, or DNA st 1 0d 1~ spindle nnd microtubule complex 
dll(:,;~e What is expcc:a~ fi reakage.

5 
All of these new insights 

/\er. •nto the market el or a new NCE before it can be intro-
• regu1 P ace Hm th fllS(( atory requir • . v en can costs be reduced as 

ra1 ' MINIMI.,. ~men ts mcrease? 
8PProv 1 ""1 ION-D'!II • h •~f,(Jare 

I 
a rates from I as, a s shown that the clini-

t,,l ratnt Y, better prect~re recent 1N D filings has improved.7 

Prt11, e. Since filtc • inical screening has increases the suc-
n1ca1 nng out p . 1 • • 

11:tcli screening t 001 c mien! candidates during the 
l',,1,n~cal ca11didate: t~J° 8!10uld be 1~1uch cheaper than hav-
1'-e i¥ en?n the other ha, ,dhighly ~flic1ent screening should be 
1r. lly it dlcient in 1•11c a~ 'even if current preclinical screen-
1 O(>, reasmg tho -1· • 
Q l''D • not "dd I c 1n1cal s uccess rate nppm'-" '' n1 ~ o prod t • • ' "'•tare ings in the 1990 

11
~ !~ity ns nuu1s t11·ed by the dcclino 

1:.&Jtrna OtcdecI to red h s . I he s ubstnntial improvements 
••ir"Jlta hcNct.2curvuc~ ; .th cost nnd l'isk 11nd to initinto the 
~,1r,1 ~ nf/ous iniiirov e 111 lg ure 38-1 will tnost likely need tho 

• enionts of' 8 numbol' of infomntic-bnsed at 
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Such improvements would include computational (a) activ­
ity-based design, (b) aa(ety-baaed design, and (c) property. 
baaed design. I( all o( theae element. could be highly accurate 
and applied at very early stagea of discovery, fewer reaourc:es 
would be expended on nonproductive activitiee. In addition, it 
the number of potential opportunities both from the number of 
targets due to genomic opportunities and Crom increaaed prop­
erty-based design possibilities can be achieved, then higher 
productivity should result. 

Cost Reduction by Leaming Before Doing 
A model for the cost saving of such a paradigm has been carried 
out in the chemical development arena, but the concepts should 
hold for the property-design area as well. Today, when discovery 
chemists find a compound that has promising adivity, addi­
tional amounts need to be made for further testing. Here the 
speed at which a chemical can be manufactured is critical. Usu­
ally, any route that will make the compound the quickest to syn­
thesize on a small scale is chosen. lfhowever, the compound con­
tinues to show potential, it bas to be scaled up for even further 
testing. In bis study, Pisano found that the two most important 
elements for reducing cost of manufacturing chemicals are: (a) 
the optimal synthetic route, and (b) telescoping successive unit 
operations. Oftbese two elements, finding the optimal synthetic 
route is the most important. lfthe company can effectively uti­
lize its past experience to make the route determination earlier, 
then costs are .-educed most effectively. Figure 38-2 shows the 
savings of this learning before doing. 11 One can imagine some­
time in the not too distant future discovery chemists making de­
cisions on which compounds to move forward based on all of the 
discovery criteria previously discussed but also on chemical syn­
thesis scalability and optimum route design. Not only would the 
speed for making NCEs benefit, but also the long-term cost and 
efficiency of the entire chemical development organization. 

1n summary, the development cost can in theory be drasti­
cally reduced if computational design of property, acti,;ty, and 
safety can be accomplished. Such savings have the potential to 
alter the pharmaceutical industry's focus on blockbuster NCEs 
to potentially smaller but still lucrative mar-kets. Accomplish­
ment of this goal would most likely initiate the NCE-2 curve of 
Figure 38-1. The biotechnology arena is a good model. In Figure 
38-1, the new biologic entities (:-.BEs) are seen to be growing as 
the NCEs are shown to be flat or peaked.4 

INTEGRATION OF DISCOVERY AND 
DEVELOPMENT 
As discussed, the pharmaceutical industry bas evolved from a 
sequential organization where problems were passed on from 
discovery to development (epoch 1 ) to one in which both drug 
activity and physical properties are considered very early in 
discovery (epoch 2). The RoF was one oft he early movements to 

Cost Nomial dc,·dopment 

tup,d cycle do::, clopmcnt 
(learni11g-By-Doing) 

Accur~lc In Silico Dcsi!,'11 
(learning-Before-Do,ng) L-------------

T i,ne n Dev~ 

figure 38•2. Cost savings by learning-before-doing. 
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Solvent-Mediated Transformations of 
Polymorphs: Water as a Transporter 
If two polymorphic forms can exist at a given temperature, the 
metastable polymorph will be more soluble (see Salt Selec­
tion). \\'hen this form is put in contact with water, the follow­
ing solvent-mediated transformation can be promoted: 

uA~iA (7) 

Wa~, _in the vapor p~, has aho been shown to be capable of 
mediating tnmsformabons between amorphous and crystalline 
forms in both directions.53 

oA .. ,.,.__ iA 
~ 

(8) 

Finally, transformations can occur that incorporate 11·ater into 
the crystal structure. Here, an anhydrous crystalline form is 
changed into the monohydrate, 

nA ~ ,.A (9 l 

and a salt is transformed into a hemihydrate aft.er passing 
through the amorphous form: 

uA•~.A+~~12A + (10) 

Equati011& 7 to 10 emphasize solid-state changes. It is likely 
that most of these transformat ions may occur only aft.er dis­
solving and forming a or a species forming a +. 

DECISION-POINTS IN THE DISCOVERY 
AND DEVELOPMENT OF AN API 
The term active pharmaceutical in.gredient (API), also known as 
drug substance and bulk pharmaceutical chemical (BPC), high­
light& both a discovery and a development component. In this sec­
tion, discovery Steps 1 to 4 will be introduced briefly. The focus 
will then shift to a detailed discussion of the developmental Steps 
5 to 9. Using this background, the section Engineering in the Solid 
State will outline bow early parallel integration of these activities 
can reduce the time from concept to market. 

The term expaTU1ion is used when choices are being enlarged, 
and aeJ.ectum is used when choices are reduced by decision­
making. Ultimately, the expansion and selection phases of dis­
covery lead to a single choice, the best candidate for further 
development. 

1. Library Hpansion refero t.o additions to II comp811y's chemical li­
brary. Es1.ablisbed pharmaceutical companies have amassed 
hundreds of thous811d• of compounds through previous discov­
ery effort.a. The.e collectioru; are cataloged carefully and are 
Wied ay•ternatically in mas• s<:reens. 

2. Se,-- selection is a dea.sioo-makwg procesa in which the most ac­
tive chemicals 10 the library are identified w;ing a high-tJiroughput 
biological 8""8y. Typically, thae a.s&ays are w.oo to det.ect the abtl• 
ity of a limall moll,cuJe t.o inwract with a protein, in vitro. Jn the 
put, decision5 regarding which lt:ads will be pur•ued further were 
made bas<.'<! oo activity, chi:m,cal diveniity, pui.ent.ability, and ana• 
Jog syntJ1etic pot.ent.ial. Today, development.al po1Amt1al increu­
ingly ia part of &enea .el&c:t.ion docJ•ion-makmg 

3. Analog exparu,ion i• the increase in the number of compoun<lil 
targeting a specific a,1.iv1ty baM(.-d on •ynthcuc exploit.at ion of the 
most promising leads. 

4. Analog ,election is the dccilii<m•making prowu in which the b<i1t 

new chemical entity 11 choS<:n for further dwel1Jpmcnt, In the 
past, in uttro activity alone wu the dominot1ng d<lCLllion-maker ; 
today, a blend of developmenLbl isauc1 is 1urfacing earlier. 

Preformulation, as well as other areas of development such aa 
metabolism, toxicology, and pharmacokinctics, will play an 
increasingly important role in Steps 1 to 4. Because a funda­
mental understanding oft.he solid atat.e is esS<-ntial for designing 
appropriate physical property methodologies for Steps 1 to 4, the 
remainder of this section will deal with how BOlid-stute proper• 

Iltlllllll 
(I) Library Expansion 

(2) Series Selection 

(3) Analog Expansion 
(4) Analog Selection 

(S) Salt Expansion 
(6) Sall Selection 
(7) API Specifications 
(8) Compressibility & 

Compactibility 
(9) Excipient Selection 

Figure 38-9. Typical API sequential deos1on-mak1ng selection and ex· 
pans1on cycles 

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

Salt Expansion: Exploring the Molecular 
Possibilities of A' 
The un-ioni.zed (free) form of weak acids and bases,A0

, rnaynot 
be the ideal molecular form for development. During the salt 
expansion Step 5 of Figure 38-9, salts are prepared to explore 
wbetber one of them would make a more suitable APL Salts are 
formed by reacting A 0 with an appropriate counter-acid or 
counter-base. In this discussion, HAn is used to represent a 
counter-acid that forms an anion An - . Common counter-acids 
like HCl and maleic acid are listed in Table 38-5. Similarly. 
CnOH is used to represent a mineral base of counter cation 
Cn•. Common mineral bases like NaOH and KOH are also 
shown in Table 38-5 along with organic counter-bases. 

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

SALT FORM FREQ GROUP" PK• CLOGP MW_ 

No salt form 390 0 
Hydrobromide 1 1 - 8 0.45 80.91 
Hydrochloride 102 1 - 6 1 0.24 36.46 
Sulfate 5 1 - 3 - 1.58 9808 
Nitrate 6 1 - 1.44 2.09 63.01 
Phosphate 2 1 2. 15 - 1.95 96.99 
Glucuronate 1 1 3.22" - 3.74 194.14 
Acetate 8 1 4.76 - 0.36 59.05 
Maleate 3 2 1.92 - 0.18 116 01 
Fumarate 8 2 3.02 - 0.18 116,07 
Tartrate 1 2 3.03 - 2.21 150.09 
Citrate 1 2 3. 13 - 2.11 189,10 
Succinate 2 2 4.21 - 0,62 118 09 
Mesylate 8 3 - 1.20 - 1.31 96.11 
Acistrate 1 3 4.91° 7.98 284 49 
Besylate 2 4 - 2.80° 0.23 157.17 
Tosylate 3 4 - 1.34 0.88 111,20 
Xinafoate 1 4 2 .66b 3.00 188 18 
Potassium 1 1 16 39.10 
Sodium 37 1 14.77 23 00 
Tromethc1mine 2 1 8 07' - 3,17 121.14 
Bismuth 1 1 1.58 208 98 
Bromide 6 5 79 90 
Chloride 2 5 35 4S 

• Groups. 0 • No salt, 1 '- Polar, 2 - Mult1funcllonal, 3 = Flexible 
allphat1cs, 4 • Planar aromatks, 5 = Quartenary 
• ulwlated pK •. 
'Data from CRC Handbook of Basic Tables for Chemical Analysis, page 469 
fr?m SeraiuddlnATM, Sheen P, Augustine MA, To market, to market In 
Bmtol J, ed. Annu Rap Med Cltetn. New York: Academic, 1983-1996 
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CHAPTER 38: PROPERTY•IIASE0 DRUG DESIGN AND PREFORMUIATION 7D 

WhenA0 is a week base, the salt, CA0H>• An- , is composed 
of the protoneted form of the base, CA0Hr and the ionized form 
o(the counter-acid HAn, An-. For salt formation, A0 must be 
1ulliciently basic to remove the proton from HAn {see Salt­
Formmg Reactiuity Potential). 

Salts have different physical properties than their free forms. 
Salt selection explores whether a particular salt might have 
properties that are more appropriate for an API than its parent 
form. Improving oral absorption by increasing the dissolution 
rate is often _a goal of the salt ~xpansion step. Salts generally dis­
solvefaster1n water than their free forms because djssolution is 
enhanced by the rapid hydration of the ionized salt species with 
water. Salts of weak bases generally lower the pH of water· salts 
~f_weak acids elevate it. For the salt of a weak base in waU:r, the 
IQJOaldissociation of the salt into the two ions,A 0H• and An- is 
relat!vely complete. On the oJher hand, the deprotonation of 
A°H depends on the pK. of A , as shown by these reactions: 

A°H•An· --tA0H + + An- andA0H • ~Ao+ H '" (11) 
+- i..,.tt pK., 

:1 IS the release of ~be H • in the second reaction by the salt that 
~ir:-ersthe pH and mcreases the solubility {see pH-Solubility Pro­
iuts). Hy~_hlorides are the most common salts of weak bases . 

. ~en A 1s a weak acid, the salt that forms from a reaction 
1111 nOH is A-en• (A - represents AO minus a proton). The 
most .common salts fo~ weak acids are the sodium salts. 
ter~~en~hough salts _mcrease aqueous solubiJity, they only el­
se / P 

1 
of.the solution so that more of the ionized fonn is pre­

th O t ~ utton. Salts do not change the ionizable character of 
~ ee th;_this is 8;'1 intrinsic property of the free acid or free 
the so~b-~t etr 

1
as~ociat~d pK.(s). pH-solubility profiles show 

1 Y re at1onship between salts and their free forms. 

PH Solubility Profiles 
For a weak b 1 h1ghestsolub·t se, a pot of solubility versus pH will show the 
for weak acids ty at low P1:J a~d the lowest solubility at high pH; 
iiew of the im , the ~PP?s1t~ is true . Such plots give a graphic 
tange ofthes!act ?f•om_zation on solubility for an NCE. The pH 
rurs is approxiall mtestme, where oral absorption generaJly oc­
JlO~dtotal] bmately S.5 to 8. It is_ undesirable to have a com­
charged, th!r: a~:~ed or ~nc~arged •~ this region. Ifit is entirely 
lll'rass the GI m b O un-iontzed species that can be trans ported 
charged spec· em rane. lfit is totally uncharged there are no 
the Pl\ deno~:~ ~~ ent;;nc~ solubility. For a mon~protic NCE, 
charged spec· . e P w ere the number of charged and un-
K, •es m solution a I O . . . 

P ,thesolubilit ~c ~qua • n lhe 1omzed side of the 
1<>lubilitydec1i Y oflbe salt hnuts_the maximum solubility. The 
l Prod~ct e!Te:~t~:~~b lo,~ pHs 1,8 due to activity and solubil-

hhe intrinsic 
8 1 .. n t e un-iomzed side, the solubility of 

promote a saturnt ~ u b;11t!) mnrks the lowest solubility. Salts 
ionized side or th e so ulton to be formed at a pH that is on the 
1iCS-Olub1Iity U .e PKa, They cannot alte1· the pK or the intrin-
1t • smg these " Yprofilecan be parameters, a qualitative pH-solubil-
Profilesfor difli conSlructed. Figure 38-10 shows pH-solubility 

The syn th ~rent counter-acid salts. 
I cs1s of salts depends on 
• A Proton-cxchan . . 
itidfbase ge reactivity between A O and the counter-

2 .\ Ion•. 
'h. • range order th • •ne dis . at permits crystal formation. 
•·~ k cuss1on that fo ll . a base8 bee ows will focus on fonning salts from 
cand d • nuse th • 1 ates Wenk . ey comprise the majority of the new drug 

• acids would bo treated analogously. 

Salt.For . 
In orde nung Reactivity Potential 
!llu r for a snit t r, . 

nter-acid f•. 0 0 • Ill, bolh the woak bnse A0 a nd the 
•lll.h th ' "''1 mt t h • • ' ' t.lte ata llronst~d- 15 ave sul11c1cntly different pK,. values 
II{. /lacu. Table 38_~ow_ry proton t~nnsfer from HAri to A0 ca_n 

alues from 
8 

I' . gwcs potenttnl counter-ions and their 
isttng of nil drugs approved worldwide from 

• 
• 

u 

• 
i 

.1 
2 

2 • I • r 
pH 

Figure 38-10. pH solubility profile of a weak base. (From Streng WH, 
et al. J Pharm So 1984,73 1679.) 

1983 to 1996. An acid-base proton transfer should be possible 
as long as the pK., of HAn is less than that of the weak base A 0 

(recall that the pK., of AO is referenced to its protonated form 
A°H•; see Solid-State Character). If J.pK., is defined as 

~PK. = pK,, (weak base) - pK,, (HAn) (12) 

a salt-forming reaction should be possible as long as J.pK., is 
positive. For example, a succinate salt (pK,. 4.2) with doxyl 
amine (pK., 4.4) is possible57 where the J.pK,. is 0.2. Neverthe­
less, the greater the J.pK.., the greater the probability that a 
salt can be formed. Because the pK., values in Table 38-5 are 
calculated for an aqueous environment, this rule must be used 
only as a guide for salt -forming reactivity in organic solvents. 
In an organic solvent in which the dielectric constant is lower 
than water, the ionization equilibria would be shifted: 

AH· ----~l H · + A 0 

(13) 

(14) 

For acridine bases, 50:50 ethanol:water weakens the aqueous 
pK,. by 1.41 pH units. For the counter-acid, HAn, pK. weaken­
ing is greater than for the protonated base, A0H+, because of 
the greater solubility ofHAn in the organic phase and the pro­
duction of two charges upon ionization. The net effect of organic 
soUvent weakening is to reduce the pK,. difference between the 
counter-acid and the weak base. This lowers the salt-forming 
reactive potential. Therefore, in a. given organic solvent, if salt 
formation fai ls to occur for a particular aqueous J.pK.,, it is un­
likely that salts can be formed in this organic solvent with a 
smaller aqueous ~pl(... 

Varying Salt Properties Using Counter-Acid 
Groupings 
For weak bases, salt-forming counter-acids can be used to alter 
an API's solubility, dissolution, hygroscopicity, stability, and 
processing.51 Table 38-5 shows counter-acids organized into dif-
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f'erent functional Jl'OII ... For Heh l'OUnt.Pr-acid, both the pJC. 
and the loc P ia given 'lll'hl"ft' appropriate. A 11tarti~ point for 
ult np■nsion mwit begin '111-ith the propl'l'tiee of A . If, for a 
weak hue, .1pJC. • pK.11, O - pK. ....... ,___ HA" > o. then BQUl"­
OUB ulta may be possible. Uae ofth111 table and the innuence of 
cliflierent count.tt-acidti are covered under Decia,011-Tne, GoaJ. 
Orinat«l Appr,,<xla. 

Crystal Formation Requirements 

In c-eral, Cl')'SWltne aolidti, including salt.Ii, make the most 
promising APls. The amorphous form of the solid state is U5U• 
ally not u stable u Cl')'Btals, either physically or chemically. 
Crystal formation ia a special characteristic of a solid in which 
the molec:ules eelf-organize into regular, repeating, molecular 
patterns. Soh-enta play at least three roles in Cl'.)'Stalltz.ation. 

1. 11iey proYIM eome eoluba!Jzmg capadty IO that concentrated &0-

luUOD6 can be formed. 
2. Tlwy promo1.e the nucleation proc:e&11 Nucleation may be from a 

pare aoluuon {homogN)eoUI nucleation> or from a sttd crysu.l 
C~ua nurleation). lf a 110lvent bonds lOO ■troni:ly ID the 
molecular cn-raruzing funrtaonahties of the &alt or eeed crystal, 
crystallazauon will be amp,l'<ied. Fandmg appropnai.e solvenu for 
crystal fonnaUOD u; • wry important au-pm wt e,cpana,on. Fail­
utt to adequately explore and find 110lvenu that can crystallu:e 
,...Ju could mean that very u.able salu would not be r- aluated ID 

the uh, aelec:uon step because they were not synthes1u-d. 
3. Solventa, tt-mperature, and coo!Jng rai.e can ampacl the crystal­

padung pattern of crystals Stable polymorphic forms usually 
are dee1red for Al'la. Ml't.asU.ble fonna are normally avoided in 
an APJ becau.ae thf,y are prooe t.o phy11cal and eherrucal msta• 
bilaty Solvent cond.itaons that promot.e met.aBtable and •table 
CT)'llt.al formallOM ,.,ilJ be explored under MetaHtab~ Polymorph 

Formation 

SALT SELECTION: CHOOSING THE 
.,BEST" API 
Salt 11t:lection i.& the fin,'t important AP! decision from the devel­
opment perspective. Once a salt 1.& chotien, time-consuming and 
lengthy t.oiucological studies are initiat.ed that would have to be 
repeawd if the 1,alt form 1s changed. This decision involves 
choosing a 60lid-st.ate pha&e,JA, which balancc.,i; potentially con­
flicting n~: increasing ab&orption versus maintaining an APJ 
that is cons1swnt and can be manufactured in a morket.-image 
d01,age form (t,t.-e C<,mprebMbtl1ty and CCJmpact1b1/ity). Figure 
38-11 a;hows 60me of the fact.ors involv<.-d in this decii.ion. 

Permubihty, i;olub1lity CCb), and pK. are intrinsic proper• 
ties of A!/ that have lx.-t-n already det.ermin<.-d in the a nalog SC· 

lection phase (M:e .fig 38-9). The major dl.'pendcnt variables, 
absorption and oonsistcncy of the APJ, can be manipulated 
and balanet.-d in salt selc-ction. Jn the following i,c,ctions, the 
impact of dii,solution and particle size on absorption will be 
explored. In addition, the oonsistency of the Af'I 1,olid state 
under the innuence of environmental destabilizing fucwrs­
such as exposure time Ct ), ultraviolet light (UV), Jili, moi&ture 
(H 20), temperature ( T ), end ph11rmaccuticol prOCl.'ssing op­
eratioJU1 like milling, oompression, and compact ion-will be 
considered. 

Absorption Assessment 
Oral absorption is generally viewed 011 two-sU·p, 11cquPntinl 

process: 

Either dissolution of solid drug, A..,11d, afwr the doHnge form diH• 
integrates in the GI tract, or tho p<•rmeotion of the dissolved 
drug, am tra<h through the GI membrane coul~ be the 11luweat 
process. The slower of.these two st~p~ ~ctermrnes the overnll 
rate of absorption and 1s thus rote-h m1trng. 

Dmablllzlq F-n 

Ahlorpdoe Coubtt■I AP! 

~ 
Figure 38-11. API salt selection decision a balance between abS01pt1011 

and consistency 

Dissolution-limited absorption occurs when the rate of ap­
pearance in the GI t ract by dissolution (a01) is slower than the 
rate of appearance in the systemic system (Ob1<,oc1>; perme?t1on· 
l,m,ted absorption occurs when the autood appearance 1s the 
slowest process. The impact of these two ra te processes on. tn 

uitrlrin vivo (JVIV) correlations will be discuRsed in the ~ec~ion 
Biopharmaceutical Classification of AP/. D1ssolution•hm1ted 

abi;orption will now be considered. 
The rate of dissolution of o particle is given by the 

Noyes-Whitney equation, 

dA!dt = kdSa (C, - Ct,utkl (non-sink conditions) 
(16) 

where 
A is the amount of drug dissolved. . fi this 
dAJdt is the rate of dissolution (Q 1,omct11ne~ 1s used or 

rate). 
kd is the intrinijic dissolution conht1tnl for the dr~g. 
S0 is t he total surface a rea of the d1.,1-olv1ng particle. fi cc of 
Cs is the saturation solubility of till' drug ot the sur 0 

the particle. I tion, 
Cbutk is the concentration of the drnJ,t in thl• bulk so u(rntiun 
8 1.>cause the rate of dissolution dc1wnd,, un the concr~issolu· 

dilTercncc between Cs and C bulk, the 111ax1111um rnto ~ from so­
lion would occur if Cwik = O Cie, if drug "u~ remove t O si11k 
lution 011 fast ai; it dissolved). Thill would he unulog_ou~ t as fnst 
tha t could drain the wot.er coming out of o wu~er fou~ •s auol· 
as it comes in i;o that tJ1e water level never huilt up. ~ condi· 

ogy is the bosis for referring w f.quuliun J6 as ~011t\oJut1on 
tions for dissolution because drug du(•!:( hu1ld up in L de 
and the rote of diH~1lution is Col'rl'HJ)Ondingly redut·t•. 'round bY 

'l'hlJ expres&ion for the muximum d1ssolutton 1'
81018 

setting C~utk equal to O',lj: 

dA/dt = !tJ,,.C, (Bink conditionri) 
( J7) 

d 6i,1k 
'J'h" ••• I • ill LCl'lllC 

111 .'~•tw rate of the Noyes-Whitney c,,untton 
cond1t11ms for tho diH1mlulion rnto. . drug pllfll' 

l'AJt'J'ICLE-SIZI~ J<:1•'FEC'l'H- Fo1· o Hphuric~I I 7 ron ~u 
de of radiuH r, amount m und of dlJnHiLy fl, l•:quntwn 
rewritwn us: ' 

c/A /dt = (3/t,1111/p){ llr)<:. 
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, ression emphasizes the invers~ rcl~tionship between 
'l1iit ~xplution rate, dA/dt, and the particle sizer, assuming no 
the d;'~ n rate-reducing factors ore present such as adsorbed 
cb950 :bf 8 or aggregated particles. 
11r bu all:r particles dissolve faster than larger particles. Thus 
__ ,~rn 

8 
pharmaceutical unit-operation, increases dissolution 

IJlllling, the API particle size is reduced. On the other hand 
t,ecause d d • ' b drug particles are suspen e m an aqueous solution, 
~des can increase in size due to recrystallization growth09 

FORM I 

INITIAL SUSPENSION 
~,_,- .• -. 

Ill 

> 
~, ,I 

,!':;'-"~.. . 
-~, I ( 

•\. . 
~ ;·f 

-\ff_ 

i" ~. 
I 

... ~/· ~- I 
-;/~ I, ' 

~- ~,,, ...,\--
• . f . ~ ~ 

-~'~ ~ 

FORM I 
19•1, SIJspENs 
1••. l&,12 ION AFTER 6 HOURS 

~of ·i'tioto • 
Fo,lll l111crogr a h 1 or on exp P s showing change in crystal size for a sus· 

erimental drug 

t 
Cs(D) 

uA 

I I 
d.AJdt p 

y 
Absorption (D) 

H.O. ,A 

I I I 
Cs(1) d.4,'dt p 

y 
Figure 38-13. Absorption changes due to aqueous-phase transformations. 

(Fig 38-12). Do~ing such suspension orally would be expected to 
reduce ab~orptlon _because of a reduction in the dissolution rate. 

Reactive Jfedr.a I: lmplicationa for Salt• of w-,, Al!ida 
a~d W~ ~•-When a drug reacts with gastric fluids, its 
dissolu~1on deVIates _from Equation 17. For dissolution in O.l N 
HCI, acid-base reactivity is most important for salts of weak acids 
and for free base_s. It has been found that the low pH environment 
of the s tomach dissolves a salt of a weak acid 10 to 100 ti.mes faster 
than the weak acid itself.60 On the other hand, it is the free base 
and not its HCl salt, that dissolves faster in this same environ: 
ment.61 These deviations from Equation 17 have been shown to 
be due to differences between bulk-solution pH.sand the pH at the 
surface of the drug particle. Thus, Equation 17 becomes 

dAldt = k"8,. c ,.h i o (19) 

where Cs.h- o is the saturation solubility at the surface of the 
APL 

For weak acid salts, the surface pH has been calculated to be 
6.2 to 6.5 for sodium salicylate (pK,. 3.0) and 10.3 for sodium 
theophylline (pl{.. 8.4) in bulk solutions having pHs of 1.10 and 
2.1, respectively. On the other hand, the weak base phenazopy­
r idine (pK., 5.2) sees a surface pH of3.3 to 3.6, while its HCI salt 
sees a surface pH of 1.2 for a bulk-solution pH ofl.10. lfthesol­
ubility due to surface pH and not the pH of the bulk is consid­
ered, deviations from Equation 17 become understandable. For 
the HCI salt , the common-ion effect reduces its solubility from 
the maximum solubility of the pH-solubility profile at 3.45. 
Thus, the nonaggregated free base, in this situation, has a sur­
face pH that is optimized to give the highest dissolution rate be­
cause it has the highest surface solubility. 

Reactive Media 2: Implications for Anhydrates and 
Metastable Polymorphs-Aqueous-ph.ase transformations 
are solid-state changes in which water acts as a mediator. Dur­
ing the transition from one form to another, dissolution be­
havior will reflect the switch from the dissolution rate of the 
initial solid state to that of the more stable s tate. Two types of 
aqueous-phase transformations were introduced in Equations 
7 a nd 9: (1) a tnmsfonuation from Polymorph II to Polymorph 
I and (2) a transformation from an a nhydrous For:° II to a hy­
drated form h.6'2 Jn Figure 38-13, the transformat1on of Equa-
tion 7 is shown. . 

Because the permeability (P ) of the dissolved drug 1s the 
same for the di!Terent crystalli~e forn!s, the i~~act on absorp­
t'o 

1 
will be due to differences m their solub1hties (Cs) as de-

li
1 1 

d • 1 Equntion 17 a nd thus will be reflected in the dissolu-
me II b • d' ffi t tion rates, dAildt and dA 11/dt, emg I CI:en •. . 

When a solvent-mediated transformation hke that shown m 

E t •011 9 occurs dissolution profiles become more complex. 
qua i ' I • h t • t · fi Figure 38-14 shows the biphasic disso utlon c arac en s 1cs or 

E untion 9. In this s ituat ion, a n anhydrous substance,~. be-
q h drnted as it dissolves and forms a surface layer of ,.A. 

comes Y d' I • Th It is this !niter layer that controls subsequent . 1s~o ut!o(n.h e 
tration versus time plot for the net reaction 1s o,.,-.. p ase 

~~:~~). Note that initially the slope for o,.A (phase change) ap-

1 . that of the very s teep s lope olA (no phase change), and prone ies 
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maA (no phase change) 
°"A (phase change) 

b 

~ 

~dA/dt= kdSaCSb 

b = kd (Csn -CSh)/kr 

Time 
Figure 38-14. B1phas,c d1SSOlut1on of anhydrous to hydrous forms (Data 
from Nogam1 H, Nagai T, Yotsuyanag1 T_ Chem F'tlarm Bull 1969, 17.499) 

that the terminal slope approaches that of ,.A (no phase 
change), the hydrated form. Modifications of Equation 17 to 
take into account surface recrystallization of ,.A on 0,.A~ give the 
biphasic dissolution behavior, 

dA/dt = k.tSalC.i,e_.,, + c.hll - ~-'] (20) 

111·here Ir,, is the recrystallization rate constant for the second 
phase, led is the intrinsic dissolution constant, C511 is the satu­
ration concentration for the first phase, and Csh is the satura­
tion concentration for the second hydrate phase.63 

ENHANCED AND RETARDED DISSOLUTION DUE TO 
SINKS AND PLUGS 

The increase in dissolution due to the particle-size reduction of 
an uncharged API, A 0, can be estimated from Equation 18. 
Equation 21 shows the resulting surface area increase, Ii, and 
the corresponding dissolution enhancement. 

(21) 

This enhancement, however, is assumed to be under sink con­
ditiow. and is driven by Cs = as0 in Equation 17. lfthe concen­
tration of drug does build up, dissolution is reduced by and is 
given by Equation 16. This slower dissolution is diagramed in 
Equation 22 whe,-e a bull< <,iindicates the buildup of the drug io 
the bulk &olution. 

(22) 

An ionizable drug, on the other hand, reduces abulk0, which is 
indicated by J, in Equation 23 because it is rapidly converted to 
ab~u. +. the ionized form. Thus, the ionized form ( abulk • = 
ai,,..u. 0 H •) acts as a sink to remove a bulk O and promotes the dis­
solution of A0 by driving the reaction to the right: 

A0 ~a1,uu,01~a1,u11< + (sink) (23) 

Reduction of dissolution, on the other hand, can occur for an an­
hydroua API when the hydrated fonn recrystallizes on the sur­
face u in Figure 38-14. 'This effect is the opposite of the sink 
concept, hence the term plugging. Equation 24 show the species 
involved in plugging. The subscript l emphasizes that thiB jg a 
surface phenomen<,n. 

o,,A1 ~ a wlk •--"•-•- 11A1 ~ a wlkL ( plug) (24) 

ACCEPTANCE CRITERIA GUIDANCE 

A Aimple model to asseBS the impact of particle size on dissolu­
tion and absorption of a non-ionized drug considers the intes­
tine as a single compartrnent.63 If the number of particles of 
uniform size at time t is 

N(t) = N0e - Q•N (25) 

where No is the initial number of particles, Q is the flow rate 
out of the intestine, and V is the intestinal volume, then the 
surface area for spherical particles of uniform size, r, as a func• 
tion of time can be given by 

S,. = 4-rrr2(t)N{t) (26) 

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

F 
00 

k..Xi, (27) 
Xo 

where ka is the absorption rate constant, Xo is the admini~tered 
~ose,Xciis the amount of drug dissolved in the GI tractatt,. B?d 
t, is the GI transit time. FW'ther refinements to this model in· 

elude accounting for polydispersed spherical powders and c~m­
paring cylindrical with spherical shape factors, with and with-
out time-dependent diffusion layer thickness. . 

Finally, for poorly soluble drugs, simulated dose abso~~on 
studies have been carried out over different ranges of solubihty, 
absorption rate constants, doses, and particle sizes. Table 38·6 

shows the percent of drug absorbed for a drug that has a solu• 
bility of 10 µg/mL with a k

0 
of 0 .01 min- 1. Note that, e\len 

though particle-size reduction from 100 to 10 µm increase_s the 
percent absorbed, as the dose increases, the impact of this re­
duction decreases dramatically. 

Consistency Assessment 

POLYMORPHIC STABILITY: IMPORTANCE OF THE 
TRANSITION POINT 

Polymorphic systems, in which different crystalline forill_~_of 
the_ same molecular composition can exist , vary in thei~ abi \: 
to interconvert at different temperatures. The enant1otroP 
monotropic classification is based on the observation that some 
s,rstem;5 can reversibly in_terconvert and s~me cannot. In en:fr­
t1otrop1c systems, reversible interconversion between the 
ferent forms is possible. For monotropic polymorphic sySlems, 
interconversion is only possible in one di rection, from 

8 

metastable f~nn to a more stable form. . the 
For enant1otropic systems a critical u·mperature eir•sts• 

t . . . ' . from one rans,t1on point, Tp, at which the rate of conversion •s 
form to another is equal. At temperatures below Tp, one_fo:~ 
more stable; at temperatures above Tp another form 15 . f 
stable (see the section Solid-State Char~cter the conventidon °0 • ks ow 
designating Form J as the most s table polymorph brea ~ rJ1l 
for such systems because Form r cannot be the most stable 0 

both _above and below Tp). . 
0

111 
Figure 38-15 shows a 130Jubility versus tem perature diagTan· 

for an enantiotropic polymorphic system.64•65 For the en 

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

DOSE PERCENT OF DOSE ABSORBED ---

;o µ,m 25 µm so µm 100 µm 11.5 
91.3 66.9 38.5 15 4 

10 70.0 50.0 30.7 6 3 
100 9.0 8 .7 8 .0 3 1 
250 3.6 3.6 3 4 ------
=-:-:--;-:-::-::-;-:-;:---:=-,,--------c=-:-:--::;;:;--­O a UI from Johnson KC, Swindell AC. Ph1rm Res 1996, I 3 1795, 
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MNOtroplc s,.tea 

'911138-15. Thermal stability of polymofph,c systems. (Data from Kuhnert-Bfa<lnstattef M. Thermom,croscopy in theAncl/ojsis of Phann.iceuticals. 
~Yoo Pergamon, 1971; and Helebl1an J, Mccrone W J Pharm Sci 1969,58 911) 

liotropic system on the left, at constant pressure, there are 
lhree solubility versus temperature curves: Form II is the low­
!:!!, Form I is the next higher, and the melting curve is M. The 
fral temperature, Tp, occUIS at the intersection of the Form 
~ and I curves. At this point the solubilities of Form II and 
orm 1 .:r' equal and the interconversion rate in any direction 
~ ~ - Below the Tp, Form I interconverts to Form II; above 
l ,, Fonn I( conve~ to Form I. The melting point of Form 
rimirs

11
at the mtersection of the Form I curve and the melting 

t'Un't1 , 

lCl! ~~seenaotiotropic forms show a change in relative phys­
Ila 

sta 
,/~ as temperature is changed, it is important to an­

~,ttet eampa~t of temperature on s tability. An early wam­
~u~~that o~e 1s dealing with an enantiotropic system can be 
L.1. Y r

1
elatmg solubilities with thermal parameters The 

"''er me ting F I h . .' Pesth I . 0rn:1 as a smaller heat offus1on. Equation 28 
ere ahonsh1p between the solubiliti es, 

1n[SIJ')] : [.lllu - iH1][T"' - T] Srf.T) RT - T- (28) 

•!ie~ S1 and S are th I b'I' . d m 11,•lsoffi . 11 e sou 1 1t1es an .lH1 and (:,J/11 are the 
bltrol'III :

100 
?fForms I and II, r e_spectively.66 The more sta­

!4t tem a given temperature wall have lower solubility at 
perature 

Enantiotro • : • 
lo,,, the melti:mt~ exists only when t l~e tra11sjtion point is _be­
lrinsition i gpomtofForm I (see Fig 38-lo). However, 1fa 
ldoe.t not° nt IS not found below the melting point of Form I, 
t.J:a IIOU\t tean that the system is monotropic.65 The transi­
nitfd. ' or example, could be below the lowest temperature 

For lllonotr • . 
~table F op,c systems, interconversion is always from the 
11,;I), abov 0th II to Form I. The solubility curve of Form II is 
:!I beta_U!e: at of Form I, and a transition point does not ex-
1'1f Fig Ja.lS)bstal c~nnot be heated above its melting point 
11u;iersaturatedsw~ld s Law of Sta ges dictates that if a system 
l"IIT,,themet with respect to Form II at concentration C, 
1;iiea15,11 As ;stable Phase II will be the fi rst solid phase that 
1.~.:on is ~uc orrn !I _continues to crystallize, the supcrsntu­
~

1u.ta there ied until at reaches its solubility. At this point , al-

1\nn !I, the s 
8

1 °? longer a driving force to crystallize more 
~ o ut1on • • loForrn I Th continues to be :;upcrsa turated with re-

f>°:Jeof the d.' 
1 

u~, crystallization of Form I occurs nt the ex-
isso ut1on of Form [ I. 

'%il0Rp 
!Qu1us~1u Iii( SOLUBILITY: DIFFERENCE BETWEEN 
L MANO DISSOLUTION-BASED SOLUBILITY 
, .:.~e l'olrrnor 
1 },,• law of s/hs I and II are possible for an NCE. Os­
I ~,r,t crystall'ages tells us that a s upersaturated solution 
'"-l i.., the the 118 out ns_ Foran II and then ultimately Form 
t.~by the solu~~!odyna1mc equilibrium solubility will be lim-

·•lu;n of II lty 0~ Form I. However, bccnutie the rate of 
and l 1s a function of a wide var iety of vari-

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

Because the metastable state Form II has a faster dissolu­
tion rate, dAJdt11 > dAJdlr, where it is assumed that dissolution 
is carried out under sink conditions of Equation 17. Becawie 
dA!dt : kdSaCs, we can conclude that Cs<ID > C~D ifwe as­
sume that S0 and kd are the same for both polymorphs. Thl19, 
Equation 17 provides a working definition for the solubility dif­
ferences between Polymorph II and Polymorph I, and it pro­
vides a method for measuring them from dissolution experi­
ments. More precisely, it provides the solubility at the surface 
of the API, which is the solubility that is most relevant for dis­
solution (see the section Reacfa•e Media I). 

POLYMORPH CHARACTERIZATION TECHNIQUES 

At a given temperature, a fluid-phase transformation can cause 
a metastable polymorph to change into a more stable, less sol­
uble polymorph. Using a bot-stage microscope, fluid-phase 
transformations as a function of temperature can be ob­
served.65 As the temperature is varied, the more soluble poly­
morph dissolves and the less soluble one grows. If a tempera­
ture can be found at which both polymorphs have the same 
solubility, then the system is enantiotropic, and the tempera­
ture is the transition point, Tp. Plots similar to Figure 38-15 can 
be constructed qualitatively in which the intersection is the 
measured transition point. These plots are important because 
they tell which fonn is most stable at low temperatures, and 
whether the system is enantiotropic. 

Differential scanning calorimetry (DSC) is another charac­
terization tool that is commonly used. It measures heat changes 
that occur when a solid undergoes phase transitions. Melting of 
a solid into a fluid, for example, requires an infllL't of heat into 
the crystal. Two techniques are useful for detecting polymor­
phic systems using DSC: scanning-rate variation and tempera­
ture cycling. 

Scanning-rate variation has been shown to detect some re­
versible polymorphic systems. In Figure 38-16, crystallization 
of the more stable polymorph shows up as exothermic depres­
sions as the scanning-rate increases.6'4 Hot-stage microscopy 
can be used to confirm these thermal changt.'s. 

Temperature cycling using DSC also can be used to study 
the relative interconvertability of crystalline forms. A loss of 
the metastable, lower melting point polymorph of metoclo­
pramide base was found after heating. cooling, and then re­
henting.69 The more stable polymorph can often be observed as 
exotherms due to crystallization after heat-<001 cycles.70 ln ad­
dition, storage of a metastable polymorph below the melting 
point of either pob,norph can result in the formation of the 
more stable polymorph. For gepirone hydrochloride, this oc­
currN nner a hent treatment of3 hours nt 150° C.68 
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Figure 3&-16. Detection of polymorphs by varying the DSC scanning rate 

Powder x-ray diffraction is the most powerful method for de­
tecting polymorphs. Becaw;e different polymorphs have differ­
ent cryst.al structures, the packing patterns of their atoms are 
different. Powder x-ray diffraction detects these packing diffE'r­
ences as differences in diffraction patterns. Comparisons of 
diffraction scaru; between dtfferent polymorphs show charac­
teristic differences that can be w;ed for identification (fmger­
printing) purpot,et;. 

Single-crystal x-ray diffraction is the most definitive charac­
terization tool because the exact relative locations of awms in 
the molecular crystal can be determined. However, most often, 
bigh-<juality crystals for this type of analysis are nol available 
from the bulk APJ (especially if the materiel was milled). Re­
crystallization of suitable crystals from saturated solutions 
may be possible. If the single-crystal x-rey ddfraction problem 
can be solved, programs ere now available that can convert sin­
gle-aystal diffraction data t,o a powder x-ray diffra<-1.ion pat­
tern. Tha is necessary to ensure that the recrystallization pro­
cess ha.11 not grown a new polymorph. 

Solid-stale nuclear magnetic resonance (NMR) is also a 
powerful technique for studying polymorphic syi;Wms. Jn this 
technique, a powder sample must be rotated al a special an­
gle (the rrwgic ang{,e) with resp<,<.t to the magnetic field so 
that preferential orientations of the powder particles are av­
eraged. Microcalorimetry also has been used t,o chara,:teri7..C 
the thermodynamic properties of d i/for<•nt polym1,rphs. Fi­
nally, diffuse reflectance infrared Fourier-tranHform spec­
troscopy recently has been usbd to quantify binary mixtures of 
polymorphs using the partial least-squares method for spec­
tral analysis.71 

METASTABLE POLYMORPH FORMATION 

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

L Supersaturating conditions for the metastable fonn, 11 A 
2. Crystallization of the metastable state before the stable poly• 

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

sion to the stable I A form is prevented. 

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

change to the stable state; for an enantiotropic system, the 
transition point is critical for interconversion. Therefore, the 
formation temperature should be as far above the transition 
point as practice 1. 

The ideal solution conditions to prevent 11A from converting 
to 1A are such that the solution phase, a, should be highly su­
persaturated, of a small volume, and in a relatively poor solvent. 
Rapid cooling is the method of choice for maintaining supersat­
uration with respect to 11A. To help ensure that the rate of 
metastable crystallization is much greater than the rate of 
thermodynamic equilibration, small volumes and poor solvents 
for iA are used. The use of dry ice for rapid cooling with alcohol 
or acetone is common for these purposes. Once crystallization 
from the saturated solution phase, a, has occurred, it is impor­
tant to filter and dry the precipitate as quickly as possible to pre­
Yent a fluid-phase transformation to the stable polymorph. Al­
ternatively, if 1A can be melted without degradation, complete 
melting and rapid cooling of the melt is an another method of 
forming metastable forms. This avoids two major problems of so­
lution-phase metastable polymorph formation-filtration and 
drying, both of which can promote interconversion. 

HYDRATE STABILITY: IMPORTANCE OF THE CRITICAL 

RELATIVE HUMIDITY 

Relative humidity <RH) is the percentage of the maximum 
amount of moisture that air can hold. A substance is hygroscopic 
when it takes up this moisture from air. For a drug substance, 
the RH that is in equilibrium with a saturatt•d aqueous solution 
of a solute is termed the critical relative humidity (CRH).72 It is 
a key parameter that can influence the physical stability of 
solid-state hydrates. A number of s tudies have shown that the 
gain or loss of water from a hydrate can center on the CRII. Br­
cause water in organic crystals is never a pabsi ve entity (see Hy· 

f igure 38·17. Formdt1on of a meta~tdble polymorph in a inonouoi>• 
sr,wn 
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dtalt Formation), solid-state changes in the crystal are very 

bkel7tofollow. f I d • t· 
For the tetrahydrate sodium salt o a tetrazo_ ate 

73
enva 1ve, 

anumberofditTerent solid-state forms are possible. 

above CRH 

.. A,< -H,0 : •Ax 

below CRH _ 
'---------- .... A 

-J-l,O 

(29) 

The conversion of 41 A to hA requires elevated temperature 
and a RH above th; CRH. Water's plas ticizing action in re­
ducing the intermolecular H-bondii:tg betwee~ . adjacent 
molecules is believed to be the mechanism that facilitates the 
aolid-state transformation to the more stable h A crystal 
furm.74 Similarly, elevation of both tempera~ure and RH were 
required to convert the °" A form of paroxetme HCl to the o 5h 

A form.70 Water also promoted a solid-state transformation of 
the o A fonn to the Oh A form of a disod ium leukotriene an­
lagon1St. The amorphous form initially picked up a small 
amount of water (2%) and then slowly released this water as 
the anhydrous form was formed. Conversely, the humidity­
mediated conversion from II A to c, A has been observed for an­
other leukotriene antagonist. 76 Difficult hydrate situations 
have been dealt with by carefully defining the RH ranges of 
different species and setting s pecifications consistent with 
1)1l1cal manufacturing environments.77 1 

In general, hydrates that are more closely packed tend to be 
more physically stable with respect to moisture loss. The ideal 
solid state is one that is stable over a wide r ange of RH, s uch as 
theo..,.A form ofparoxetine HCl.75 For the sodium salt of the 
letrazole derivative shown in Equations 29 and 30, the denser 
iA structure is physically more s table than the 4 h A structure. 
The latter loses four water molecules from crystal channels at 
~significantly lower temperature than the one water molecule 

thehA form, which is integrated into the crystal structure in 
1 

Dlore cohesive man.ner.73 In the sections H-Bonding Net­
~b, and Hydrate Formation , hydrate formation is discussed 

ma molecular point of view. Crystal formation involves two 
:u•~lly opposing principles: (1 ) satisfying the molecule's in­

rmo ecular H-bonding needs and ( 2 ) packing the atoms in the 
~~ta) j5 cl~ely as possible. Hemi- (h/2) and monohydrates (h} 
effi ent r satisfy both close packing a nd H-bonding needs more 

~e~t Y t~a~ hydrates that contain water in channels. 
~!r: leres1s 1s a general term that is used when a material's 
iponse~-a second exposure of a s trnss differs from a prior r e­
,\l'( as· a ~•s h~s been observed in the moisture uptake of an 
availabi unction of RH. A numbe r of instrume nts are now 
ftolll ~ e that can monitor a sample's w!.'ight as RH is cycled 
pie 18 b"' ~ 95%. The noncoi ncidcnco of tht• weight as the sam­
Planatrc crcle~ from 95% to 0% indicates hysteresis. One ex­
thange:n ° this type of beh avior is thnt s urface-initiated 
CRH. llehcurre~ in the solid state below or a bove the sample's 
hon 29 Ydrnt,on of the surface b!.'low the CRH, as in Equa­
lntans ;t;th 

the formation of an a morphous cont of on ... A~ 
b)·gru1eo ~ any subsequent water va por will e ncounter a more 
kinetic ~h:!~rfnce than ,,h A :!. and thus a different hydration 
il...,1e the CR~t O? the other hand, conversion of .,1, A to " A 
t.thc beha • ' 88 •n Equation 30, will produce a differe nt ki­
lult from ch•or upo_n rehydration. Thus , RH hysteresis may re­
(,{ lhe surfa anges •n both the kinetic and equilibrium behavior 

cc of the pa rticle. 

CHe,v'll(A 
!EQUEN L STABILITY: COMMON DEGRADATION 
. (ES-snow CRH 
So1tPT10N 
1'-hldr0Us /DESORPTION OF SURFACE WATER-If an 
~

1 0vi1ecut:~rrn _of A is exposed to a n RII below the C RH, wa-
Wtil s lowly nd:mrb onto the s urface of the drug 

particle (denoted as >Oh). Adsorption of ap to a monolayer of 
water has been shown to provide partial protection from cm­
dation. Dehydrated foods, for eumple, are more stable when 
moisture coata reactive sites. For the anhydrous pbenylbuta• 
zone, the oxidation rate hu been shown to be lower below 
the CRH.78 For a hydrate, however, the lou ofeurf'ac:e-ter 
of hydration (denot.ed a.a h) at RHs below the CRH has been 
shown to increase reactivity. Equations 30 and 31 show both 
of these possibilities. 

OAA:i: b,,l':ii£r 1 > ~:!: (partial oxidation proteetion) (30) 

A 
ble'°""C'RH 

A (increase chemical reactivity) (31) 

FORMATION OF AN AMORPHOUS U) SURFACE-A 
water enriched/depleted surface, (>h/<hl, is prone to further 
solid-state changes shown in Equations 32 and 33. For the wa­
ter-enriched surface, a chemical reaction is shown in which the 
crystalline form of A (j = I) reacts to form the product Cl B~ 
, which is amorphous. This type of surface hydrolysis at RHs be­
low the CRH was shown to occur for meclofenoxate HCI decom­
position 79 and for propantheline bromide hydrolysis.80 For the 
latter, a lag time occurred that was attributed to the amount of 
time that was necessary to form a monolayer. For the water-de­
pleted hydrate (j = h ), the loss of water initiated the formation 
of an amorphous surface layer, ttA~. The consequences of these 
amorphous surfaces will now be explored. 

(32) 

(33) 

TRANSFORMATION OF MIORPHOUS SURFACES­
Because amorphous layers are more prone to be hygroscopic 
than crystalline solids, the chemical transformation of I A:i: 
to aB~ in Equation 32 is significant because the latter ~ at­
tract more water to the surface. Dissolution of ttB"!: shown m the 
first downward reaction of Equation 34 will then form a surface 
coated with b!, as shown in Figure 38-8. The reaction of 
medofenoxate HCI below the CRH to form amorphous dimethy­
laminoethanol HCl (see Eq 32) is a good e.xample of this. 79 Next, 
the water adsorbed to the surface due to the dissolved form of B 
on the surface, b~. promotes the dissolution of the surface of A, 
A" to form a surface coated also with a ... the dissolved form of 
A -~n the s urface, which then undergoes-further decomposition 
to b ... This is shown in the horizontal and final downward reac­
tions of Equation 34. 

Jh 
.J..+ H2O 

A~~a~ + ~ 
.J,. 

b"!: 

(3-0 

In Equation 35, two possible solid-state changes for a A:!. are 
shown. First, the reactive amorphous surface can undergo a 
degradt1tion reaction to form c~. Second, the surface can con­
tinue to lose water below the CRH so that the sub:;~face .,, A 
undergoes a solid phase transformation to ~ crystallme phase, 
1 A . The dehydration changes for ce-fLxime trihydrate are e.xa°:1-
ples of these rea<.:tions. 81 The partially dehydrated form of this 
compound was more unstable than the fully hydrated or the 
completely dehydrnted crystalline for ms. 

(35) 
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OtEMICAL STABILITY: COMMON DEGRADATION 
SEQUENCES-UOVE CRH 

When water is adllOl'bed to the surface of the particle abO\-e the 
CRH. the drug particle beoromes coated ";th a dissolved drug 
layer. 81 . which is assumed to be saturated112: 

-11,0 (36) 

Degradation under the11e conditions is assumed to occur solely 
in the dissolved layer. This situation has been extensively dis­
cussed.62 For the Maillard react.ion. in " ·hich primary amines 
react with carbohydrates, adsorbed water initially increases 
the reaction rate to a maximum due to the enhancement of re­
actant mobility. Greater amounts of water then decrease the re­
action rate due to dilution of the reactive species. Similarly, for 
free-radical auto-oxidation of unsaturated groups, reactivity in­
creases above the CRH because of accelerated reactant mobil­
ity. Below the CRH, oxidation decreases due to the immobiliza­
tion nfhydrogen peroxides and trace metal catalysts and the 
protective effects of a monolayer of water that is insufficient to 
increase reactant mobility. 

L'\'TLL"ENCE OF SALT FORM ON HYGROSCOPIC­
ITY-Table 3S-2 shows that the non-salt forms, including free 
bases, free acids, and nonelectrolytes, are the most popular 
molecular forms on the market. In general, these forms would 
be expected to be less hygroscopic than salt forms due to their 
un-ionized character. Although the sodium salt is the most pop­
ular weak acid form, this form bas a tendency to be hygroscopic. 
Alternative salts that have proven useful in o,·ercoming bygro­
&a>picity 8J't' hydrogen sulfate82 and trometha.mine.83

·"" 

Hygroscopic tendencies for weak bases might be overcome 
by using aromatic counter-ions. Aryl sulfonic acids were shown 
to provide moisture protection without decreasing dissolution 
for the sparingly soluble weak base, Xiobam. ..s The free-base 
form oft.bis drug (pK. 6.1) was hydrolyzed at 40°C/80% RH. On 
the other hand, one weak base (pK. 3.67) was chosen for devel­
opment becaw;e it was less reactive to moisture exposure than 
the HCI salt. The latter sbowed chemical instability wit.b mois­
ture and beat and was the only salt that could be formed. 86 

Stronger bases like pelrinone (pK. 4.71) can form stable and 
nonhygroi;copic HCI salts.87 

GRI.1''DING IMPACT-Processing of solids can have a ma­
jor impact on dis1>olution due to solid-solid phase changes. 
Grinding i.6 one process that has been shown to cause changes 
in both polymorphs and hydrates. For the III A polymorph 
(Form CJ of chloramphenicol palmitat.e,118 

uA 
mun· gnr\d..1ng (37) 

grinding caU&es a successive change to the 11A polymorph (Form 
BJ and finally to the 1A polymorph <Form A ).89 Correspondingly, 
dw;olutioo from the fai,1.e8t to the slowest is in the order 

(38) 

For hydrates, similar 66lid-st.at.e changes have been observed. 
When cefixime trihydrate is ground, a liOlid-pha&e Lransforma­
tioo takes place: 

(39) 

Water in thiB 61tuation plays an t,1,1,ential rule in cryi,tal forma­
tion. It.II removal causes a cullapi,e of the crystal lattice."° Other 
pharmaceutical pr()(;(;:tiffinfi op('rations and their impact on crys­
tals have been reviewed. 1 

SALT SELECTION DECISION-MAKING 
The pressure to increase the produi1,ivity of the knowledge 
worker is readily apparent al the i;alt-selcction lltage. Because 
of increased productivity in di6covery, the cascading impat-t on 

de,•elopment to choose rapidly the best molecular form is read­
ily apparent; toxicological and bioavailability studies cannot 
proceed until the salt is chosen. Once these studies are initiated, 
it becomes very costly to change the molecular form because 
many of these biological studies would have to be repeated. More 
importantly, precious time and a competitive advantage will be 
lost. However, if an unanticipated, unacceptable property 
emerges during the development of an API, the sooner the 
change is made the better. It is for these reasons that efficient 
paradigms are being sought for this stage of development. Two 
approaches will be presented that attempt lo optimize the prob­
ability of success with speed. Previous approaches were criti­
cized for excessive characterization of poor candidates and for a 
lack of clear go/no-go decision-making.92 As a practical consid­
eration, it is essential that NCEs have high purity, and that 
salt.s be crystallized. In the following discussion, weak bases 
that are to be absorbed orally are used. Similar approaches can 
be developed for intravenous NCEs and for weak acids. 

Multi-Tiered Selection Approach 
One approach in which different critical parameters are used to 
filter a salt candidate's progression to the next stage has re­
cently been proposed. 9• Crystalline salts are successively 
sorted by a three-tier system in the following way: 

~r 1. Hygroscopicity 
Tier 2. Thermal analysis and x-ray d1ffract1on 
Ti£r 3. Accelerated solid-state stability 

Tier 1 eliminates any form with excessive moisture sorption/ 
desorption characteristics. Only the survivors progress to Tier 
2. In this second tier, changes in crystal s tructure are examined 
under extremes of moisture conditions by using thermal analy• 
sis and powder x-ray diffraction to detect desolvation and aque· 
ous-phase transformation problems. In addition , aqueous solu­
bility is determined lo address potential dissolut ion problems. 
The best candidates for formulation an<l man ufacturing are 
considered here and survivors proceed onto Tier 3. In this third 
tier , accelerated thermal and photo-s iab1hty testing is carried 
out. This is considered to be the most time-consuming step so 
the limjtiog of candidates saves time and effort. Selected excip­
ieot compatibil.ity testing may also occur at this stage. If Tier 2 
eliminates all of the candida tes, additional salts or free 
acid/bases arc considered before reevaluating any salt thal was 
dropped in an earlier tier . 

Several comments can be made regarding this approach. 

l. The HCl salt of ranitidine, due to ,ts hygroscop,city,03 probably 
would not have been a final candidate m the multi-tiered op· 
proach. Yet this is one of the moot succebbful drugs ever m_ar· 
ket.ed. Th18 empha•1zea a need for pnontmni: the salt sctccuon 
proce;;s so that as wide of a range of development issues are ad· 
dressed as early as poss1hlc and that they tt ll ore pul in perspec· 
I.Ive. If a hydrochloride sail has much lx•nn ab~orpl1on propertie• 
than t.he free base but 1s hygroscopic, 11 would be very 1>rudent for 
dcveiopmt>nt to i.ee 1f 1t can deal with this problem. Other,,•••8• 

b10uva1lab1hty may be cu111prom1.ed hy u s1nglc-111111drd empha&ll 
on APJ coru.1.tency. 

2. Tbe free base is not considered m the mulll-t ,ered epprooch un· 
less all uh,emat1ves have failed de.pile 1t~ pot.entially fa,.oniblc 
du.soluuon m gru.tric flu ids ond 11..s &ens1t1v11y to parurlc 51ze re· 
duct,on with a reactive sink. 

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

Decision-Tree, Goal-Or.iented Approach 
Aii 1.1lwrnutive approach to the multi-tiered go/no-go selt'clion 
approach is one bused on a deci,;ion-trec u,;ing ~tlllistical Pf011• 
abilities and functional grouping of counter-ion ,; to seek pr1or1• 
lizcd phyi,ical properti1e,;. In Viguro 38-18, prwi-itized prohlelll~ 
an, bhown, ub1mrption being tho higheHl priorit y. 

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1055F



CHAPTER 38: PROPERTY-BASED DRUG DESIGN AND PREFOIIMUI.ATION 741 

I Route or Adm I l Jldaridadl'Nllllml I 
f ; + 

I 1-Alllorpcioa I n 
! :Z. Cn Ir acy ! 
rn 

[3 .... ·•I 
♦ ! t 

C, dA/dl 

0 ~ ,~, 
! n I ~~~~o mp dA/dl 

T Hp 11V 1:1 Sy& Millins Odis 

I Onlllpa I 
+ i t i • 

Polar flaA MalliF 1'llmrA Bally 

y 

N 7 
<@;> 

+ y 

I (a~~> I 
i 

m~----------------------- IT;] val 

Figure 38-18. Absorpt1on-domm.ated dec,s1on-tree 

The decision t • 
\ell a. oth - ree considers the free bc1se the H CI salt as 
Pini.. er options Alth h h ' • • ·-hilities fi • oug t 1s approach uses statistical 
throughput or molecular form consideration ideally a high­
tr,uJd deteri:/utomated methodology would b~ availa,ble that 
llnder which 

1
:: e~_austively which snits (·an fo1·m crystals and 

~!{-d and plac ;ditions, Feasible salts would then be synthe­
•1101\8 This e ~nder accelerated stability nnd stressing con-

141hes:arnple~~ d allow for the maximum amount of exposure 
"alion need not b:e a d~cision has to be made. Degradant eval­
lttdiijtely• oth . carried out on these stressed samples im­
tr4 11\ak~ th'er issues may eliminate a pa rticula r candidate 
~ 11n11y 6hout1 ~nnec~ssary. However, evaluation for crys­
lt ~t Physic I earned out early to ensure that this does not 
Jd absorption ~ ch~mical stability. Physical property scr eens 
/'.111•ceutica1. omin~ted priorit ization would then force a 
t (l,ftcoming ev~luation to be made regai·cling the possibility 
:~t1onat gr

01
~
0?615lency and processing problems.94 By using 

'<r~ that co ~~ngs (see Table 38-5), salt forms would be con-
u address specific problems. 6 7 

E~CIPIE 
Cop_,pA NT SELECTION: FORMULATION 
~ TIBILITIES 
L lp1~0l/i 
"lln .,.,_ serve ni 1 • • •11eym b any ro os nnd a re the backbone ofll formu-

ny 8 needed to stabilize the AP! by providing an-

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

Screens to detect drug-excipient incompatibilities recently 
have been developed using elevated temperature and added 
water to accelerate potential interactions in ternary and more 
complex powder blends. 96 Such methods have been shown to be 
capable ofrapidly detecting chemical incompa tibilities and giv­
ing good correlations with results using powder blends of drug 
and excipients at elevated temperatures and humidity. 

Processing incompatibilities can be more difficult to trou­
bleshoot than chemical incompatib ilities. For example, 
tablet performance has been shown to vary for k etorolac 
tromethamine, depending upon the kind of s tarch that was 
used. Cornstarch s howed a decreased disintegration time IUld 
dissolution rate as a function of blending time whereas pregela­
tinized starch showed no such dependency. The difference be­
tween these two excipients was attributed to the formation of 
drug/cornstarch agglomerates with magnesium stearate.96 
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Blending studies have shown the potential benefits of using 
IOClium laueyl sulfate to offset these types of effects.97 

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

API SPECIFICATIONS: MEETING PROD­
UCT AND REGULATORY REQUIREMENTS 

Polymorphic Forms and Hydrates Decision 
Trees 
A major portion of this chapter has been devoted to characteriz:­
ing the solid state,,A. The left side of Figure 38-1998•99 summa­
rues some of the potential solid states that can exist for the un­
ionized form of A; if a salt form was chosen for the API, the same 
states also ~·ould be possible. Previous sections ha,·e discussed 
the impact on API consistency and dissolution for the different 
solid states. The criticaJ relative humidity (CRH) and the tran­
sition point (Tp) for enantiotropic polymorphic systems are es­
pecially important intrinsic physicaJ parameters that control 
solid-&tate consistency and potential solid-state interconver­
sion. Moisture and temperature, as we have discussed, are the 
major environmental variables that can promote these changes. 
Rapid methods, therefore, are needed to characterize potential 
solid-state forms and their physical properties. The decision­
tree on the right side of Figure 38-19 summarizes when specifi­
cations need to be set to maintain API consistency. lfthe physi­
cal properties of the solid states differ, assessments need to 
determine the impact this will have on a formulated APL Spec­
ifications need to be set to ensure a consistent product. 

Particle-Size Acceptance Criterion 
Once the solid st.ate, .,A, has been characterized, the potential 
impact of particle size on absorption can be assessed. Figure 38-
20 shows a decision-tree approach, suggested by the lntema-

Solid State FamUy of ,4 

1A 

tional Committl'e on Harmonization, for determining whether 
a particle-size acceptance criterion is needed.100 Previous ~­
tions in this chapter have discussed nearly ~very aspec! ofth1s 
tree. Although dissolution-limited absorptton 1s a maJor con­
cern, Figure 38-20 also includes dosage form issues such as con­
tent uniformity. 

Biopharmaceutical Classificaion of API 
Although it is possible to alter the solid state, .,A, s~~h that 
dissolution and absorption can be enhanced, solub1hty and 
passive permeability are, in general, intrinsic properti~s of the 
NCE. Thus, even though the amorphous_ state,_ nA, m som_e 
situations can be stabilized to enhance d1ssolution, the eqw­
librium solubility will be determined by the least soluble ;iOlid 
state. A classification has been proposed to segregate situa­
tions when in vitro and in vivo correlations (MV) are ex­
pected. Such designations may be used as a guide for det_er­
mining when bioequivalent studies may need to be earned 
out. Table 38-7 shows the four major classes based on solubil­
ity and passive permeability. 

CONCLUSION: APPLICATION OF 
KNOWLEDGE 
"The actual product of the pharmaceutical industry is knowl­

edge; pills and prescriptions ointments are no more than pack­
aging for knowledge.•101 The introduction of methods to probe 
and exploit human and animal genomics has had a cascading 
impact on the industry. These new concepts had a number of 
qualities that ensured adaptation. The systematic use of mech­
anism-based reagents was a tangibly better solution for finding 
new therapeutic entities than the more serendipitous methods 
of the past. Such high-throughput screens were compatible 
with increasing use of robotics whose advantages could easily 
be understood by all in the pharmaceutical industry. Each 
company was able to hold trial runs to test the utility of such 
screens and in the end obtain observable results. Today, the re­
combinant DNA innovations of the 1980s still provide the driv­
ing force for other innovations in the pharmaceutical industry: 
miniaturization, customizing, and artificial intelligence. 

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

Declsion Tree 
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Figure 38-19. Solid•sli!te forms and spec1f1cat1on ~111ng (Oi:Jli! from Byrn S ~, a\ Pharm Res 1995,9 84, and Byrns et at Gold Sheet 1996,30(6) 1) 
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I s.t~Crifflta I 
Figure 38-20. Dec1s1on-tree for drug substance particle-size d1stnbut1on (From Byrn Set al. Spec1ficat1ons for new drug substances and products: 
Chernical Sub1tances, IC H4, Fourth lnternat1onal Conference on Harmonization. Brussels. July 1997.) 

lhroughput, and the need to conserve chemical libraries have 
l!telerated analytical and synthetic nanotechnology This lat­
lfr need is extremely important because chemical lib~aries are 
txpe_ndable resources that ar e not easily replaced. Old library 
entneswere synthesized in gram quantities, and newer entries 
~ mtlhgrams. Conservation of this resource will r equire a com­
:~hon ~f n~notechnology along with a host of regeneration 
p I nologies ':°eluding combinatorial synthesis, high-through­
~! Punfic~tion, and promotion of an increasingly diverse 
gra tcular hbrary for mass screening. In addition, chromato­
bo!fhic Co!umns, HPLCs, and electrophoresis on the nanoscale 
Illa Promise for extremely high resolution with extremely low 
~ tena] consumption. On this scale, area can efficiently be 
~nverted to 1 • d . . . be a inear 1mens1on. Thus a chip 10 X 10 mm can 
lfn~n~erted ea~ily to an elcctrophorelic path of9.5 cm. The po-

18 for massive parallel processing is evident when one con-

T.i,1, 38-7 / v· I . . . 
ilnmtdi • n itro In Vivo Correlation Expectations for 
lio '1 ate-Release Products Based on 
...!.,ilrmaceutics Class for Passive Absorptiion 
!l:!!!._ IOLUJILIT)' PERMEABILITY ~ IVIV CORRELATION EXPECTATION 1 High 

Low 

High 

low 

High IVIV correlation if dissolution 

High 

Low 

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

IVIV correlation expected if 
in vitro dissolut ion rate is 
similar to in vivo dissolution 
rate (unless dose is very 
high). 

Absorption (permeability) is 
rate-determining and .limited 
or no IVIV correlation with 
d issolution rate. 

low Limited or no !VIV correlation 
i:'::-:---__ expected. 
""-"'•don,:G;-L :-:-~,----------------­

• •I al. PhMm Res 1995; 12:4 t 3 

templates the possibilities of 100 oanolaboratories on a single 
chip. 

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

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

Knowledge and the productive application of knowledge are 
anticipated to be the sole factors that will drive the postcapi­
talist society into the 21st century. In the pharmaceutical in­
dustry, massive diffusion of innovations from discovery into de-
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velopment will ~ an accelerating challenge for preformula­
ticm. To meet this challenge, preformulation, through a better 
unclemaDding of the solid state, mWlt eeek. to design improved 
characteristics into APls at the earliest stages of disco\'ery. 
This will be the edge that any company will need t.o facilitate 
the rapid DlO\'ement of new therapeutics entries to market• 
place. The patient is v.·aiting! 
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