Preformulation

When the first guality sample of the new drug
becomes available, probing experniments showuld
be conducted o determmine the magnitude of
cach suspected problem area. If a deficiency is
detected, then the project team should decide on

the m-::ﬂe-::ular modification{s)y that would most
likelv improve the drug's properties. Sales,
prodrugs, solvates, E::’.l-l;'mugghs, Or EVEeT:  rkew
analogs may SImerge m this modification ef-
JE 5 o o




While salt formation is limited to molecules
with iofmizable grotips, prodrugs may be Tormed
with any organic molecule having a chemically
Teactive functional group. Prodrugs are syn-
thetic derivatives (e.g., esters and amides) of
drug molecules that may have intrinsic pharma-
cologic activity but usually must undergo some
transformation in vivo to liberate the active drug
molecule. Through the formation of a prodrug, a
variety of Side chains or functional ups may
Be added to improve the biologic and/or pharma-
ceuncal properties of a compound.” Some of the-
biologic response parameters that may be altered
by prodrag formaton are absorption due to in-
creased lipophilicity or increased water solubil-
ity, duratdon of action via blockade of a key meta-
bolic site, and distribution to organs due o
changes in lipophilicity. E.xzu:nple& of biclogic
improvements are abundant in LhE: steriod and

rostag diry x ature.? Pharmaceuti-
cal improvements resulting from prodrag forma-
tdon incilude stabilizadon, an increase or de-
crease in solubility, crystallinity, taste, odor, and
reduced pain on injection.




Ervthromvycin esto is an example of a pro-
drug with improved pharmaceutical properties
(Fig. 8-3%. In agueous solutions, protonated
ervthromvein is water-soluble, has a bitter taste,
and is rapidly hvdrolyzed in gastric acid
{tinm, = 9 sec) to vield inactive decavy products.
To overcome this problem, the water-inscluble
lauryl sulfare salt of the propionate ester prodrug
{estolate) was formed for use in both suspension
and capsule dosage forms. Erythromycin propico-
nate is inactive as an antimicrobial and must
undergo ester hvdrolvsis to vield bicactive ervth-
romycin. In an oral q.i.d. bicavailability commrar-
ison between Upjohn's enteric coated tablet {.0r-
mulation of eryvthromvycin base E-Mycin and
Dista’s nonenteric llosone capsule formulation
of erythromvycin estolate (Fig. 8-4), the lipophilic
ester prodrug was absorbed four times more effi-
cientlv than the formulated free base, but hyvdro-
Iyzed only 24% in serum to produce eguivalent
plasma levels of bicactive ervthromvycin base. *®
Thus, a pradrug was used to overcome a phar-
maceutical formulation problem without com-
promising bicavailabilitv.




To date, most prodrugs have been esters or
amides {‘l-F*S.lgI‘IE'.d to increase lipophilicity . Unfor-
&l_ﬂj..tﬁl-}', this tvpe -of modificaton often de-
CTeaASeS water solubility and thus decreases the
-:-:mcantrau::sn gradient across the cell mem-
brane, which controls the rate of drug absorp-
tion. This trade-off between lipophilicity arnd
concentration gradient is generally assumed to
result in a net improvement in absorption. In
1980, Amidon suggested the making of water-

soluble prodrugs by adding selected amino acids
that are substrates for enzvmes located in the
intestinal brush border.® Assuming that enzyme
cleavage was not rate-limiting, and that the lib-
erated drug molecule would remain in the lipo-
philic membrane, then the resulting membrane
transport of the parent compound should be very
rapid, owing to the large concentration gradient
of liberated drug across the membrane, as illus-
trated in Figure 8-5. Using the lysine ester pro-
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Alrthougsh amny of thhe mMmodificatgons discuassed
Ay provicde asm dinerease i bioavailabilicy,
chemical instability or a lack of svmthetac feasi-
bility mmay prohibit thhe commmercial developrryvent
of a modified dra g rmrolecule. VWwhatever dhe case,
ch»e Mmolecular formm o the dags advyvancing forosn
this prelitnimary evaluarniorn shouald have a sub-
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Crysicallirzity cred Polzrrrrorplrisame
Crvstal habit and the internal st za
diffags can aftfect bullk and physicochemical prop-

certies., swhick TarL e frormn flowability oo chermical

@2 FTabit is=s the description of cthe owuter
ApPpPreEATarice of o QELs_g]__T&EEJEaS_Ihw

stractaure is thhe molecular arrangenment within
cthe solid. Several exarnples of differernt habits of
The internal structure of a compound can be
classified in a variety of wayvs, as shown in Fig-
ure 8-8. The first major distinction is whether
the solid is crystalline or amorphous. Crystals
_are characterized by repetitious spacing-of con-

rrrard

sticuient atoms or molecules in a chroe-dirmers-
signal array. whereas amorphous forms bave

atorms or rmolecusles ramndorm iy placed as in a lig-
wvid. Aanorphous fornmns are twvpdcally prepared by
I‘El_pld_]:il'ﬂﬂ'l itarion, lvophilizFation, or_ rapid cool-
g ol hqui% m-e—]ﬁ:s Sirnce .am-::rmhu::-us forrmnms are
vsually of higher thermodyvnamic energy than
corresponding orystallimnese forms,. solubilices as
well as dissolution rates are generally ereater.
LUpaom storase. amorphous solids ternd o rewvert oo
more stable formms. This therrmodvnoarmic insta-
bilkity, which camn occocur during bulk processing




chemical compound

r [ 1

habat imternal structure

— |
[ |
crystalline amorphous
|
I i
single entity molecular adducts
|
T polymorphs [ L |
nonstoichiometric stoichiometric
imnclusion compounds solvates (hydrates)
I t ;
channei layer cage
iclathrate)

FlG. B-8B. Cutline of differentiating habit and crystal
chemistry of a compound (From Haleblion, J. K.
J. Pharm. Sci., 6G4: 12658, 1975, Reproduced with permission
of the copyright owmner.)




or within dosage forms, is a major disadvantage
for developing an amorphous form.

A crystalline compound mav contain either a
stoichiometric or nonstoichiometric amount of
crystallization solvent.” Nonstoichiometric ad-
ducts, such as inclusions or clathrates, involve
entrapped solvent molecules within the cryvstal
lattice. Usuallv this adduct is undesirable, owing
to its lack of reproducibility, and should be
avoided for development. A stoichiometric ad-
duct, commonly referred to as a solvate, is a mo-
lecular complex that has incorporated the crvs-
tallizing solvent molecules into specific sites
within the crystal lattice. When the incorporated
solvent is water, the complex is called a hvdrate,
and the terms hEIth"FdI‘-:I.EI: munmhxdmte and
dihvdrate dESEI'II‘JE'_—lIFdI‘atﬂd forms with molar
equivalents of water corresponding to half, one.,
and two. A compound not containing any water
within its cryvstal structure is termed anhvdrous.

Identification of possible hvdrate cl::mpr_lundq.
is important since their aqueous solubilities can
Be significantly less than their anhvdrous forms.

—Conversion of an anhvyvdrous compound to a hy-
drate within the dosage fornm may reduce the
dissclution rate and extent of drug absorption.

— An example of the in vivo irmmportance of sol-
vate forms is shown in Figure 3-9, where the

-
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FIl=. 8-9. Meran serum concerntmafions of ampicillin im
Fraemrrare suleces after orad adminisEnaEdon of 25 0-meg dases
af tieo solvcte forms of the drug in suspension. Kegy: -,
anhiydrows; and o, ftrihydrate. (From Poole, I, et al.: o
reret Theragpeutic Research, 10:292, 159688 Reprodoaced widh

permission of the copyrright owner. )

anhvdrous armnd wrihvdrate forms of armpicillins
wernse adminidisteresd orally as a suspension
humarn subjects. ™ The more soluable armnhbhydrous
forrm (10 mmgs/tnil) produced higher and earlier
peaks in the blood sermarmn levels than the less sol-

uble trilhxrydrate forrm.



Polymorphism is the ability of a compound (or
clm crystallize as more than one distinct
“Crystalline species with different internal lat-
Tces. Chemical stability and solubility changes
due to polymorphism can have an impact on a
drug’'s bicavailability and its development pro-
gram. Chloramphenicol itate exists in three
crystalline polvmorphic torms (A, B, and C) and
an amorphous form.” Aguiar and co-workers
investigated the relative absorption of polymor-
phic forms A and B from oral suspensions ad-
ministered to human EubJ-ELts 12 As summarized
in Figure 8-10, “peak” serum levels increased
substantially 35: a function of the percentage of
formm B polymorph, the more soluble polymorph.

Manv physicochemical pmw with

ing _melting point. densiry, hardness, crystal

ﬂﬁ@wﬂmu
aracterization of polymorphic and solvated

formms involves quantitative analvsis of these dif-
fering physicochemical properties. Several
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TasLE 8-3. Analytic Methods for
Characterization of Solid Formms

Material Reguired

Methrod per Sample
M Croscopy 1 gz
Fusion methods 1 mg
Chot stage microscopy)
Dhifferential scanning calorimetry 25 mg
IS T A
Infrared spectroscopy 220 g
M-ray powder diffracction SO0 g
Scanning electron microscopy 2 g
Thermogravimetric analvsis 10 rregs
Drssoludondsolubility analwvsis rTNE Lo EXT

Microsocopy . Aldl substarnces that are trans-
parent when examined under a microscope that
has crossaed P-l:ll..:l.r_l_..:.j_n flters are either
or anisorropic. Armorphous substances, 5.11 as
supercnﬂtﬁ_ S arwl ﬂﬂnl:nrﬂl:ﬂ__lll:_gﬁ solicd _or—

EAnic  COXMpeORl ru:LE,. or substances swith cubic
E’E-_L.ﬂn_alﬂﬂﬂﬂ such as sodium chloride. arpe iso-
Sropic materials, which have a single refractive
Tndex. With crossed polarizing filters, thhese iso-
ropic substances do not transmit Hght, and they
appear black. Materials with more thham one re-
fracrive index are anisotropic and appear bright
withh brilliant colors (bhirefrimgence) against the
black polarized backprouarnd. The interferencoe
colors depend upon the crystal thickness and the
differences in refracadive indices. Andsotropic
substances are either uniaxxial, having two Te-
fractive indices, or biaxial, having three princi-
pal refractive indices.




even simple biaxial systems. Crystal morphology
differences between polymorphic forms, how-
ever, are often sufficiently distinct that the mi-
croscope can be used routinely by the less expe-
rienced microscopist to describe polymorphic

The polarizing rmabacoroscoopee HGriored wicthh a ot
stage is a useful instrament for investigatimg
polyrmorphisrm, rmeeltinge points, transition terr-
peratures, amnd rares of transition at comntraolled
hearime rates. In addicion, the hot-scage rmicoro—
scope Facilitates differentiatiorn of DSC erndo-
therrnms (explaidined in thve mext section )y for polsy-
morphic tramsitions from desolvation processes
Cwwhrern the sample is heated in degassed irmuamer-
=siorTy oil). A problerm often emnooantered dwuarirmes
thherrmal rmicroscoopy is thhatrt organdic molecules
carn degrade durimg the meltons process, amndd
recrystallizatiorn of thee rameelt rmay mot oocur, be-
cause of thhe presemnce of contamainant degrada-
Hor prodiuacos.

= — - _—— — rm=w - -



Thermal Analyvsis. Differential scanning
calorimetry {DSC) and differendal thermal anal-
wvsis (DTAY measure the heat loss or gain result-
ing from physical or chemical changes within a
sample as a funcdon of temperature. Examples
of endothermic (heat-absorbing) processes are
fusion, boiling, sublimation, vaporization, desol-
vation, solid-solid transitions. and chemical deg-
radation. Crystallization and de%ﬂannn are
asually exothermic processes. antitative
measurements of these processes have many
ap‘phc:al:lnns in preformulation studies including
purity,'? polymorphism,'? solvation,'? degrada-
tion, and excipient compatibility. '™ 16

For characterizing crvstal forms, the heat of
fusicn, AH can be obtained from the area-un-
der-the-DSC-curve for the melting endotherm.
Similarly, the bheat of transition from one
polymorph to another mav be calcuiated as
shown by Guillory for several sulfonamides.'® A
sharp symmetric melting endotherm can indi-
cate relative purity, whereas broad, asymmetric
curves suggest impurities or more than one
thermal process. Heating rate affects the kKinet-




A variable with IDSOC experiments is the at-
mosphere in contact with the sample. Uisually, a
continual nitrogen: purge is Mmaintained within
Jthe heating chamber; howewver, the loss of a voala-
tile counter ion such as ethanolamine or acetic
acid during a polvmorphic transitdon may pro-
duce misleading data unless the ransiton oc-
curs within a closed svstem. In contrast, desol-
wvation of a dihyvdrate-species, as shown in Figure
B-11; releases water vapogr. which if unvented
can generate degradatiom prior to the melting
podrit of the anbydrous formn. During initial teste-
ing, a wvariety of artmospheres should be tried
until the observed therrmal process becomes
fiellyvy understood.
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Thermogravimetric analysis (I'GA) measures
changes in sample weight as a funcdon of time
Cisothermal) or temperature. Desolvation and
decomposition processes are frequently.- morni-
tored by TGA. Comparing TGA and DSC daca
recorded under identical conditions can greatly
‘aid in the interpretation of thermal processes. In
Figure 8-11, the dihyvdrate forrmm of an acetate
salt loses two moles of water via an endothermic
transition between 707 and 90°C. The second
endotherm at 155°C corresponds to the meltng
process, with the accompanying weight loss due
to vaporization of acetic acid as well as o decom-
posicion.
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TGA and DSC analysis can also be used to
guantitate thHEe presence l::f a solvated species
within a bulk drug sample. For the above exam-
ple, 10% of the dihydrate form was easily de-
tected by both methods (Fig. 8-11). ]

ple preparation. Degradatiomny during thermnal
analvsis may provide misleading results, but

miay be derecited by high-pesrforrmance lHguid
aof samples

chrormatosraphlhy (FIPILAOYY analysis
heated vnder representative conditions for »e-
teratiormn of drmag or appeararnce of decay produaces
CF iR, S-1920.
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M -TFavy. Ao irsmypeortant techhmnmigrae for estalbxliskba-
drngs fthve batckh - r_n:‘:l batch reproduacibialicy of & orwvs-

Tallinne forrm is x-ray powder diffractiorn. Randorn
oriemntatiory of = -::r'lrﬂta_l Ilattice i a peowder sarre-—
Ple causes thve N-ravs 1o scatter i a reproduoaciihle
Patitern of pealk imntensitices at distinct anmnsles )
rlarive bt thrye iruncicderat Bbhearn. Fachh dhifibracciosrs
Prattern is characterrmsoc of = F—c&c]ﬁ{: crystallire
ITatrrice for a siven n:n:-m]:u::-un-::l_ Arr armvorpfrotnas
Fforrn does ot procdiwnce o patterr:y. Wiixeroares of dif-
ferernt crvstallinyse forrmmzms camn be anmnalyzecd asinags
ruorrrialised imntensities ar sppeecibhce anoles, wihrictn
are umnigue for each orvscallimne forrm. A cypdcal

PolzyrrrorppFrisrre

Polvmorphs can be classified as omne of owo
TWEEeES: Ssraficotropic (one polvmorph can be re-
versibly changed imto another by varying terr-

Peratnare oOr pressure, e.e., sulfardy or srrornrotropric
Cone polvyrmorphic formm is unstable at all termpaer-
atures and pressuares, .., Slvoeryl stearates).

There is mo general way of reladn s enaciotropebrw
armnd mornocroplhny o the propeerties of the poly-
rmorpgphs, except by locatinge the transitiorn terre-
Peratuare or Che lack of one. At a specified pres-
sure, usuaally 1 armosphere, the temperatlares at
which two polyvrmorphs hasve identical e emnmer-
ees is thhe ramsitdomn tempeeratuare, amnd at that
temperature, both forms can coexist and have
identcal solubrilities i any solvent as well as
idenrtical vapor pressures. Below the solid rmaxelt-
inmng termperatures ., the polyrmorph swicth the lower
free enmnercy,. correspornding oo thhe lower solulbil-
ity or wvapor pressure, is thhe therrmodynmnarmically
stable forrm.

— = - -



T rnmarimnes preforrmzlatior, i s drmapeoriamt tag dcfern -
iy the the polvyvmorph that is stable at roorn termpeer-
AatLare mricd o ddeterrmiarae wwhetyer pasolvrysorpakaiice

TransIililoOrs e ssibie withimn thhe termperature
rangse usecd for s Aty Stisclieces aricl clir i Ther Erioc-

EEEI;IlE Cclrvarage, Fmillifmes, =tc_ 3. As didscussecd b
=bliarn arwxdd MoCrormaese, @ prodvimorphic corra—

PpoliTid is besr characoteriszec] by m cormplete poreaess—
Sure—ermeeeratars pPhase di=msgroarmn shoaowweisn e mcll:;—
wwapeor, solid-swapeor., sarncad solid-rmnele cwuarwves. P A
Free asrpeers v teErmpeaeEratlsnre e at 1 atrreosicbrere
Slhyoawald bée cormstriacitecd Sirpcees Termpeermaloires 1S wasia—
@l = rracore criaticasl wvariable thranmn pressuarre i
rrharrmacericas . SAas prerevionasly cdhbiscuissedd, chaloar—
mrmrplhraeridcaa] palrrmyitate has thoree oraoewra e ivrrreaor—
elric forywyms, wwihich @we thheeryryeocdwvryarryiczmally e
scrilecd b & wrmertt Filaoflf plot ofF free aemneresy (aes
deterymadarrnecd froorrs =s=olubhilitys rmeaeasurraerTierls 5 wraer—
s11s bermperatuare (Fig, S&-147 "Tramsitiorn terrnpeer—
arures are showr by interseciiorn of the eocirapo—
Iaredd Inmes: 00 Tor formms S aned O and S5 forr
Fforrrmas /h aracd . FForerrr A is= three staale Forrri: GE _terre—
ceratuures less cthhwar
TFraErasEtEarma t-emp&rarr_lms Sl rasdirrecd e esctrrampees—
Iatior: of van™t Floff plorts are susceptible o larse
eror=s_ I Frect rmmeasuarnerrrerndts OoOf rrarnsitiores s e
Eraeferrecd oy suappeort the extrape-alasted imnntersec—
tior  podrsts dre the solubdlicy-termperarars odia—
Zrarras. A e rmrost dbdrecst rmaearas hor detcerrmarmnine e
ramnsSildorn Lermperalililnmes IS ImMdcrosOoOods  OibhSsaerya—
thor of =armpple=s hzxalcd ot cormsi=mral taermpaeTroalllres
Limnfosrewvnrately, thhaese solid-solidcd or solicd o e —
salbid traaasdticorys wasaaally oo Slowewrlsy, ovrirees b
larce actiswraricrn emnaeroies mra] slows ruoncleatioas . "o
Ffacilicate thhe comnversion rate,. a simngle polvirvorgslks
O s rmasNEisres of forrmvms cars be graamualated dm o=
“hridedrme”™” scoldvernt at varioanas termapeeeratunres. D e
ddruz shhouwunld bhe omidly sparimnnsly soluabhble i thhe
bridgsan g solwvent, andad solvate forrmaciorn skbheowalad
Tt oeccur. TNlhesas aespreerirmeerasts casn bhe oorpdoacesd
arEilckly wwichs & polariFzirmn e rrdconosSsaoo e, o Sarmpoles
oarn bee stored imn sealed comtairners at coomnmtrolled
e e e T L= Farnc e el L= =k p b= | Enr
wrthrer suitaldlle amnalytices raethoocd s
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FIG. B-14. The van't Hoff plot of solubility s, reciprocal
ebsaluts termperature for pofymorpies A, B, and C of olftlor-
armtplernicol  palmitate. Key: Polymorphs A (Ce—e )
B Te—) ond C {O—o ) (Froom Aguiar, A J., et al:
J. Pharm. Sci., 58:983, 1969, Reproduced with permission
of the copyright cwrner ) .

morphism is determination of the relative stabil-
ity of metastable polymorph and prediction of its
rate of conversion within a dosage form. For sus-
pension dosage forms, the rate of conversion can
depend on several variables, including drg sol-
ubility within the wehicle, presence of nuclea-
tion seed for the stable form, temperature, agita-
ton, and particle size. Solid dosage forms such
as capsules and tablets have similar complica-
tions due to the influence of particle size, mois-
rure, and excipients. In short, the most effective



Hygroscopicity
Many drug substances, particularily water-sol-
uble salt formms, _have a tendency to adsorbh at-

mospheric moisture.  Adsorption arnd  eguilil-
rrurn moisture content can depend upon the
armmospiienic | nhumidity, temperature., surface
area, exposure, and the mechanism for mmoisture
unptake, as described by Wan Campen and co-
workers.'® Deliguescent materials adsorbh suaffi-
cient water Lo dﬂlﬁ%- as is observed
withh sodium chilioride o a wuimid dav. cther
soopic substances adsorb water because of
hvdrare formation or specific site adsorprion.
With  most hyvgroscopic materials, changes in
moisture lewvel can greatly indluernce marny irre-
portant parameters, such as chemical stability,
lovwability, and compactibilicy.
I rest for bygroscopicity., samples of bulk
_drugx are placed in opern containers with a thin
powder bed to assure maximurm  atunospheric
exposure. hese samples are then exposed o a
Tange of controlled relative humidity enwviron-
ments prepared with saturated agqueous salt so-
Ihntons. © Maoisroare uprake 5hmﬁ_bﬁ_mmitﬂred




Firnne Particle Charcocterizcatior

Bulk flow ., formrmulaton hhomogeneity, and sur-
fare—area controlled processes such as Adissoli:-
don _and chemical reacdvity are directly afifected
by sire, sha ., and surkace morphholo of thwe
‘_?r;ig_gi_m'—ﬁ. In general, each new drug candi-

ate should be tested duuring preformmulatiory
withh thhe smallest particle size as is practical o
facilitate preparatiom of homogeneous samples
arnd maximize the droag’s surface area for inter-
aciiors.

A light rmicroscope with a calibrated grid usu-
ally provides adeqguate size and shape character-

izatiom f:::-r drug particles = Sampling :a:t‘..-d_ Prepa-

—_—TTa A
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iry -:-::-n_iun-l:l:im't withy light microscopy, strearmn

counting devices, EW—EM
arwl HIAC ocowunter provide a convweniernt
ThEethed for

charactermFzins thwe size dissributiooy
of a cormpeound. Samples are prepared for amalv-
sis by the Coulter counter by dispersing thees rma-
terial in a conducting mediuvm such as isotondc
saline with the aid of vlrascurnd arnd & Few dropes
of  surfactant. A krnown volurmee (0.5 oo 2 mly of
this suaspemsiomn is then drasssm into a twabe
through & small apervere (G4 1o HS00 rmdcrons it
disamester , across which a valtage is applied. As
=ackh particle passes through the bholbe. it is
coounted and siFedd acoorndine o the resistarns.ce




senerate? by displacing that particie’s volunwe of
corvducting medinm. Given that the instroement
has been calibrated with standard spheres, the
Counter provides a histogram output (freguency
versus size)d within the limits of chat particular
aperture tube. Several different sizes of aperture
Tubes shoukd De used Lo assure acourate cound-
i of single particles. Other stream Ccounlers are
hased aon the prninciples of lighe hlu-:k:ug& ol laser

light scatvering for sizing each pardcle =%

“Although the Coulter method is guick and sta-
Ostically meamingfal, i1 assumes that each re-
sistance armises from a spherncal particle; thus,
rnonspherss are sized inaccurately. Other imita-
thons with the Coulter counter are the tendency

of needle-shaped cryvstals o block the apertare
hole, the dissodution of compound in the aguee-
ous conducting medium, and stratificavion of
paru-:_!::s '-'ulﬂ:'nl.n ll':lE S SPETISIoN. .!’u:I.-ll:l'Ll.r_l-Il.dJ.

MEHAS O F-H.I'IIIII"JE" SlLE ANAIYSIS 46 ]]'I:Iﬂg!" AFal-

ysis and sicve Hml]rﬁ-lﬁtﬁﬂ__ﬁ*ﬂ_&ﬁgﬁfd& are used
primarily for large sa relatively large
particles (- 100 microns). Computer interfacing




Fimetic processass dnpvoelwin dreir i che solid
state, swueckh as dissolutiors depradathors, rrnay
b yrworre direcily related oo avadlabls saarface arean
thhamn o parvicle size. IF drnag partciles bhawvwe a
shapes thh=t cam be defimnesesd rmmarbheermatically |, then
Light miccrosoopy size analysis o Cosliter copmier
analvesi= with appropriates Eoecamelric Souiabbhorss
meay provide a reasonable esdmation of suarfacs
AWEL.



A more precise measurement of surface area
1.-=. macie by E:mnau-ﬁ-.r Emmett, and Teller {BET}
T Tuh s whiich a laver of nitrgfen

S 415 adsor L0 E-'I_I.I'_‘fa-E:E L
— T Once surface adsorption has reached
eqattibrivm, the sample is heated o room tem-
perature, the mitrogen gas is desorbsed, and its
wolume is measured and converted to the num-
ber of adsorbed molecules via the wdeal gas Llaw.
Since each nmitrogen molecule (MNo) occupies an
area of 16A%, o may readily compure the sur-
face area per gram for each preweighed sample.
By determining the surface area at several par-
tial pressures of nitrogen (5% to 35% Ny in He),
extrapolation v zero nitrogen partial pressure
yvields the true monolayer surface area. While
BET measurements are usually precise and
guickly obtained with current commercial
equipment, errors mav arise from the use of
Impure gases and volatle surface impurities
(e.z., hydrates).




- Surface morphology may be observed by scan-
ning electron microscopy (SEM). which serves
o confimm gualitatively a physical obsereatiomn

oarirg preparatiorn: for SERM O analysis, the
smmple is exposced o high vacuwmm durimng ke
wobd coating process, which is nesded o maloe
thve samples coredocuwve,. and concomrd@tant De-
v al of wwater or other solventes may resule i a
fal=ze picture of the suarface mmorphoabogy. Varizsbhle
VaCLLllm treatrmeyenit of an dMdentcal sample praor
o the gold coating step may contirmm the effects
wuf =s=ample preparatkon omn suarisce morplsodosy.
Alose rmosdesrmm SEM instruameents also preovicdes
energy dispersive M-ray spactnoscoEy analvsis of
surfaces metal jons. which may prove benefcial
in decipherinyg am instabilicy or inoomseacibilioy
o lesr.

HealFf NDermsiizy
Bulk demnsiity of & compound vames suabstars-

_'Lﬂflﬁw_icwsuammtm. rrilldre e,
fal m umlation. Oreee a density protalem is idaemri-
Fied, it 1= often easily correcued by rmdlling, slag-
erirue, or formulation. Msuasllv Bualk densiey is of

=t irmrportances when one considers the size of
= gl -dose capsules proodaesct or the hormogervyesity
of a low-doss formmuladorns i swwhich thhers are
large differernces in drmgE and esxcipbent demnsi-
Thoes




Apparent bulk density (g2/ml) is deterrmined yy
pouriTee proesieved (<SG-mmesh) bualke druage inoo o a
sraduated ocvliinder via a large furmnnel and meas-
vrinyg the wvoalume amnd weight “as is.”” Tapped
density is deternnmmdined bv placing a graduated
cviinder containing a known mass of drag or for-
mrulaticon o a mechanical apper apparatas,
which is operated for a fixed number of taps
L — 1000 wvuntil thhe powder bed wvolurme has
reached a mairmdrmuarm . Using the weidght of drage
in the cylinder and this minirmurn volurme, the
tapped density may be computed. Knowing the
anticipated dose and apped formulatiorn: den-
sity. aomne mayv use Figure 5-15 to determine the
appropriate size for a capsule forrmualation.

In addition o bullk density, it is fTreguentlvy
desirable to know the true density_of a powder
fior computation of vold wvolurme or Pporosity  of
packed powder beds. Experimmentally, the true
d&Emsity is determiined by suspendings drags parti-
cles in solvents of varicous densides arnd in which
thhe compournd is innsoluble. Weaetting and pore
prenetration may be enbanced by the addicon of
a small guantity of surfaciant o the solvent rmdix-

tures. Adrter vigorowuas agitation, the samples are
centrifused brietfly and then left o staend undis-
tuaarbeed wrrgl floatation or settlime has reached
ecuilibrivarrm. The sample that remains s:is-
perrded corresponds o the tTue density of the
raterial. Densitvy of the test solutiorn ocorze-
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FIG. 8-15. Correlation between capsule size and packed
density for different fill weights (200—600 mg ).



Pozoaler Floww Properties

Pharrmaesuceunical poseders ey be Beroasdly clas—
s iPiesd za= ~-Florwireg or coire=sive | non-ftree-lows
b

AT . oWl O pEeErties are i i
Fected -iz-:lli-:: chamnpes  in partdicle sb@ize, densicy,
Shapee,

Cresa i ch%- sl aclscarbrec] rmcis-
Tidte, v lhac s Tasay PreecesssiTa R or s
Tiatscrm. == g a reaulr, a free-flowinge does cosesdi-
At iy bescoarmmes cabeegbive duarim g deseloporrse e,
thaas mwecessitating an entiirely oeess Boorsmsasalaciaoas
srransEsy . PreformTonalaciaorse e o investisa-
s shoubld guarstitatss @mssrss the pharrma-
eakbibc el CoanseguIeTeCEsS Of sach oS ey s -
rrEnt v perovicde direcoeom fior e foremiaalsceoean
e veslbogarree=nl Eproject pemar. [Hnds dyencecilion sysay
cemasast of - Forsrsmmualacios seoosmnumyerviatioss sascis
@ms Eramnuilation or clemsification via sheesing,. the
meed for special auveer feed egpuipment, or 8 sk
syvsiorm for evaluasting the improvermeents i o
bBrowsght abosse by forrmuwulasciomn. Thts sabjpect bae-




Arnother measurement of a free-flowing pow-
der is compressibility, as computed from powder
density, eguatiorn {2):

%6 Compressibility = l: e ":"'-’:} = 1O (25

=)

where o, is the tapped bulk densicty and o, is the
irnitial bulk density. Table 8-4 lists compressibil-
ity datra and flovwability characterization for sewv-
eral pharmmaceutical excipients.,

WVirhile angle of repose determinarions are usu-
allv useless because of their lack of precision,
observation of powder flow from a glass turnmel
and then a grounded metal funmel provides in-
sight into the drag’'s flow properties. electrosoatic
properties, and tendency o brige in a ocore-
shaped hopper.©?

TapLE S-3. Compressibility and Flowoabdlity of
Pharmaceutical Excipients.
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Solubility Analvsis

pHRKa Deterrmmrircatiorns

INetermminarrion of the dissociation constant for
a drug capable of ionization withdin a pH range of
I to 10 is irmmportant sinoce saolubilicy, and conse-
aueritiyv absorpriorn, camn be altered by ornders of
mmagnitude withh chamging pH. The Hendersorn-
Hasselbalch eguation provides an estirmave of
the iomnized and un-iomnmbized drag conocencoration
atrt a parvicular pH.

For acidic cormpourids:

v’#’p]—l [fomndized druags]

= pPKa + log inmn-ionizred drugs]

For bhasic ugﬂmp-ﬂunds-:

|wrr-iornized druae]

pH = p + log [forizecd driaie] <3




A pRa value can be determined by a variety of
analyeic methods. Buifter, temperatuare, iomndoc
strengsth, and cosolvent affect the pKa value and
should be conorolled for these deternminations.
The preferred method is the dertecdon of spectral
shifrs by ulcravioletr (U'VD) or visible spectroscopy
since dilute agueocous solutions camn be analvzed
dirvectly. A second method, potentormetric dtra-
tion, offers maxirmurm sensitivity for compounds
with: pKa values in thhe range of 3 to 10 but is
often hindered by precipitaton of the nun-ionized
form during the titration since a high drmag con-
Ccentration is usually reguired to obtain a signifi-
cant titration curve. 1o prevent precipitation, a
cosolvent such as methanol or dimethylsuliox-
ide can be incorporated o maincain sufficient
solubilicy for the un-ionized species, and the pEKa
walue is exrapolated from titracdomn data oold-
lected for various cosolvent concentratons. AsS
shown in Figure 85-16, dependence of the disso-
Cciation constant on cosolvent can be highly sig-

mificamnt, anmnd exirapolations prowvide only an esci-
ot of tfhae prRa valwuses., [rnn gerneral, thhe wse od
- = - L ] = L | - - - - e - - ™
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FIG. 8-168. The pKa determinalion for an organic armine
drugy candidate wihose un-igrnized form is exceedimmgly -
soduble in wwarter.



pH Solzwebility Profile arnd
= Corrrrmrorn Torn FEffecis

The pH solubility profile for doxycycline
(pKa 3.4) reported by Bogardus and.Backwood
ilustrates a common ion effect for an amine
hydrochloride salt.®’ As shown in Figure 8-17,
the solubility in agqueous medium with pH 2 or
less logarithmicaily decreased as a function of
rH (which was adjusted with hydrochloric acid)
because of corresponding increases in the chlo-
ride ion concentration. In gastric juice, where
the pH can range from 1 to 2 and the chloride
ion concentration is between O.1M and 0.15M,
doxvceycline hyvdrochloride dihvdrate has a solu-
bility of —4 mg/ml, which is a factor of 7 less
than its solubility in distilled water. For the hy-

drochloride salts of chlortetracyvceline, demeclo-
cvcline, and methacycline, the apparent dissolu-

tion rates and sclubilities were even less than
their respective free base forms in media con-
taining chleoride ion.*® Consequently, the solu-
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Fi. 8-17. The pH-solubility profile for doxycyclinne in
agueotts hydrochloric acid at 25°C. At pH = 2. 16, both
- doxycycline monohydrate arnd doxycycline hydrochloride
difryydrate were tne eguilibriuwre with solutionn. Theoretic
curwves arc detailed by auwuthors. ( Frorme Bogardwus, J. B., and
BiackivooeE, . K - J. Fharme., Sci., 68 T88, 1979.

writh permission of the copyright owner. the Ammerican
Pharmacentical Associaiiore. )}
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Another point illustrated with doxycycline is
that nonideal behavior of a solution species can
dramatically affect the solubility at certain pH
values. Doxycycline was shown to form dimeric
species involving self-association of the proton-
ated form. This mechanism accounted for the
large positive deviation from ideal behavior, in
which actual solubility values are a factor of 10
higher at pH 2.0. Therefore, actual solubility
profiles should be experimentally determined
within the pH region of interest.



Effect of Temperature

The heat of solution, AH,, represents the heat
released or absorbed wiiemn z mote of solute is
dissolved in a large quantity of solvent. Most
commonly, the solution process is endothermic,
or AH, is positive, and thus increasing the solu-
Ton temperature increases the drug solubility.
Tor such solutes as Hthium chloride and other
hvdrochloride salts that are ionized when dis-
solved, the process is exothermic (negative AH,)
such that higher temperatures suppress the sol-
ubility.

Heats of soluton are determined from solubil-
ity values for saturated solutions equilibrated at
controlled temperatures over the range of inter-
est. Typically, the temperature range should in-
clude 5°C, 25°C, 37°C, and 50°C. The working
equation for determining AH. is:

InS = _iHE'(})+{: (13)

e



where S is the molar solubility at temperature T
(“kelvin) and R is the gas constant. Over limited
temperature ranges, a semilogarithmic plot of
solubility against reciprocal temperature is lin-
ear, and AH, is obtained from the slope. For non-
electrolytes and un-ionized forms of weak acids
and bases dissolved in water, heats of solution
are usually in the range of 4 to 8 kcal/mole. Salt
forms of drugs are often less sensitive to temper-

ature and may have heats of solution between
-2 and 2 kcal/mole.
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Sorleebrili=—cebiore

For druas carndidates wwith either poaor water
solulbility or InsuffHicicent saoluability for praojected
solutiorn dosage forrms, praeformularion sowudies
showuld inciude lirmbited e riTnents o GdGdemtify

ossible rmechanisis for solubhilizatiorn. A oerin—
means of increasing solpabhilits 3s rhe adofi-

E%ﬁiﬁwm&mlem W T=
solubility of poorly soluble nmonelectrolvites cars

ofter: be improwved by ornders of srmagnittade wwith
suitable cosolvents such s ethanol, propyvlere
glvcol, amnd glycerin.” These cosolvents solullbi-

Hize drug molecules by disrapting the hvdrophvo-
hic imteracoons of watrer at the nonpolar soluceS
water interfaces., The externat of solubilization
Aere o thhe addition of cosaolvent depaernds omn thee
chermical stracture of thhe drags, that is. thhe mmore
nonpoalar the solute, the sgreater is the solubibiza-
ciorn achieved by ocosolvent addition:. LThis rela-
tionship is ililustrated in Fipgure S-19 for h:.rdr-lzl-
Ccortisore aracd l.__l:"_l.-l:_ll_{:I-L.{_'ll_["Ll&rI:_'ﬂlI]:E 21 -heptanoate. ™
The lipophilic ester is solubilized o a sreater
exrtent by addicomns of propylierne givoal tharnn by
the more polar paremnt Cormp-ouiryuc o

Cosolvent effects for dissociated droag mmole-
cules are 11::.1;_13]_1% much less, as shown by Kra-
mer arnd Flhvrnmn 2% Some poorly soluble draess can
he solubilized i Mmbicellar solutions such as
D01 MW Tweern 20, or via rmolecular complexes as
with caffeine. - These specific fornmulagons
are wusitpally ot developed -:I.Lun.ﬂg the prefor-
ronulation phase. howewver.
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FiG. B-19. Sclubility of hkydrocortisorne and hydrocorii-

sone 2i-heptanoate in propylene glycol-weater mrixtures.
(lrome Hagere, T. A PR dissertaftion, University of

Michkigan, Ann Arbor, Mickigan, 1579 )



Poartitiorn Coeffficicecrnt

A rmeasurerment of a drags’s hpophilicity aond
amn indication of its abilicy o cross ocell amerrn-
branes is the QDilfwarer partition cosefificient i

systbterms suuch as octanolbfwarer and chloroforeoes”
water., Hhe pastition coefficient is defined as the
ratico of mm-iomized drmae distributed HBetweaeaers the
oreanic sl aguieons phases at eguailibricarm.

E Fq:...l“- —_ I:: CifﬂrjeunMum } '::.1-1::'
INissolrtiorn
Dissolution of a druw rricle is controlled bw
several hvsicochermic properties.,  incluoading
Choermic ormm._cryvsital habit, particle sirze. soluwu-

bBility, surface area, and weltin properties,
When coupled withh eguilibriuvm solubility data,
dissolution experiments can help o iderntaty po-
tential biocavailability problerm areas. For exarn-
Pple, dissolutiorn: of solvate and polvyvmmorphic
formms of a drug can have a significant irmpact or
Diocavailabdlity amnd drag delivery.

The dissolurtiorn rate of a drag substance in
which surface area is constant during dissolu-
tiomn is described by the modified Noves-Whitmney

egulatior:

=TS DA -
o - 28 ol — l (15
dt B - —— (150




where 1) is thhe diffusion coefficient, h is the
thickrness of the diffusion laver at rthe solid-lig-
uid interface. A is the surface area of druag exx-
posed to dissolution rmedia, V is the volume of
media, _ is the concentration of a saturated so-
lution of the solute in the dissolution mediurm at
the experiimmental temperature, armnd O is LLae -
centration of druag in solution at tirme €. The dis-
soludon rate is givern: by dC/die. If the surface
area of thhe drag is held constant and C. = = O,
then eguation (15) can be rearranged and inte-
crated to gawve the working eguatiors:

W
—— =kt C167

where the constant k is defined as:

iy
R—TCE_ LE7Th



and W is the weight (me) of drg dissolved in
tirrne L.
A plot of W oversus © gives a straight line with

the slope wual o the inorinsic dissolution rate
constant k5% aswuaally expressed in urndiets of
mefocrm=/mmin.

Experimentally, a constant surface area is ob-
tained bv compressing powder into a disc of
knoven area with a die and punch apparatus. Ei-
ther of the two syvstems shown in Figure 5-20
carn bhe used to maintain uniformm hvdrodynamic
conditionrns ((k constant). The rotating disc
method or Wood’s apparatus permmits the hvdroo-
dymamics of the svstem to be varied im a mathe-
matically well-defined manner.?® The static disc
method is used because it is conveniently avail-
able., but it comntains amn element of ondefined
turbulence, which nmecessitavves calibration with
standards. Fotential problems with this method
are transforrmations of the crysetal form, such as
polymorphic transformations or desolvation,
during its compression into a pellet or during the
dissolution experimment. Since many drag carndi-
dates are weak acids and bases, pH and cormmmorn
ion gradients at the solid-liguid interface can
lead to erromecus conclusions, as discussed by
Mooney and co-workers. 5=



Dissoclution experirments with drogaeg suspen-
Ssions are further complicated by chanmging suar-
face area, chhanging surface crystal morpholozsy,
and intersticial wetting. ! However, dissolution
profiles with excess drug can be used to charac-
terize metastable polvimorphs or solvates . I Pig-
ure S5-21. thhe comversion of the metastable formm
IT o forrm 1 is shown o oocur in an organic sol-
went rmediurm, which clearly depicets formm T as
the thermmodvnamaically stable forrm at oo terri-
pPerature. .Static pellet dissolution rates also sulb-
stantiaved that forrm I1 was che higher energy
forrm since its dissolution rate was significantly
Ereater ( Lable 3-5.
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FiIis. 8-20. (Comnsfarnt surfaces area dissodwtion apparaitos.
et static disc dissolu tiorn apparatus. Right: rodatireg oisc
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FIG. 8-21. Powder dissolution profiles for two polyrmeor-
phic forms of an organic acetate salt in acetonitrile at
25=,



Tassgse B-5. Comparisor: of Dssolwtiorr Hates™

warrcd Solukbility for Two Poliprrorplhic Formes of
ar (Organic Acetate Salt

Rario
Forme 1 Forr= I'F o

Drssoluckorn rars i O ST O SGar BS
ethanol, mefcrma™®drandin
TF¥is=chaotior r=te i L 0 e e Rl i L B
Aceronitrile, maefcrm™@drmin
Soaolwubility im Acenondrride, R L= =
ol

" FEsscdiaiiose Fmafes rreeswred weitfh o sftatic-disc arrpermaties,

Stability I Toxicology
Forrmrulations

Sirvce oxibcalogy studies oyvpdcally oosrnarseraces
ey i drog devebopamenit, it is aften advisable
b evaluaste samples of the toodcoloey prepara-
thoaaes for stabality aned podential hoernaogenieity
prclderres. Llsually, a drag s admdmisceread oo chee
andirmals 4 Thretr e, o by aoral gavages of & sala-

tHon or suaspension of the drag in an agueous
wehscle




Solution Stability

TEee primary ohjective of this phase of prefor-
rmulation research s identbficatdon of conditions
necessary o focm a stable solutson. These situd-

s should inchade the effects of pH, fondc
strength, Tosolvent, light, temperature, and oxy-
SETI

— Solution stability investigations usually oomm-
mernce with probing experdments bo
decay at the axirernes of pH and

! temmperaturT
Ceg.. QIR HCY svarer, aywd O 1M MNaCH all at
G, These intentionally degraded EZamples

T penerate a pH-rate profile. stability dats
generated at cach plbl and tempersture corsdition
are analveed I:r_Ln-:'I'_L-|:3]Jl.-' o viebd the apparent
decay rave constants. All of the rate cdnstants at
a single emperature are then plotted as a fonee-
i af pH as shoswm in Figaoare 8207 Thee mind-
mum i this curve is the pH of maximuom stabil-
ity. ften. this plot, as it approaches its Limits,
provides insight into the melecular invaolvement
of hvdrogen or hvwdroxddes ioms in the decay
mechandsm. ™"

An Asrhendius plot is consoructed by plotting
the logarthm of the apparent decay mate con-
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Solid State Stability
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