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.




Eryvthromvcin esto is an example of a pro-
drug with improved pharmaceutical properties
(Fig. 8-3%. In aqueous solutions, protonated
ervthromvein is water-soluble, has a bitter taste,
arnnd is rapidly hvdrolyzed in gastric acid
{tiom = 9 sec) to vield inactive decay products.
To overcome this problem, the water-insoluble
lauryl sulfare salt of the propionate ester prodrug
{estolate) was formed for use in both suspension
and capsule dosage forms. Erythromycin propio-
rnate is inactive as an antimicrobial and must
undergo ester hyvdrolvsis to vield bicactive ervth-
romycin. In an oral g.i.d. bicavailability commrar-
ison between Upjohn's enteric coated tablet {.r-
mulation of erythromvycin base E-Mycin and
Dista’s nonenteric llosone capsule formulation
of erythromvcin estolate (Fig. 8-4), the lipophilic
ester prodrug was absorbed four times more effi-
ciently than the formulated free base, but hvdro-
Iyzed only 24% in serum to produce eguivalent
plasma levels of bhicactive eryvthromvycin base.*®
Thus, a prodrug 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-



drug of estrone, a potential increase of five or-
ders of mmagnitude in Sdsorption rate was found
im vivo using perfused rat intestines.

Alrthougsh anmny of thhe mMmodificatgons ddscuassed
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 rarnme from: flowability oo chermical
ﬁt@r- Habit is the deﬂi:rlgtlﬂﬂ of the outer

appearance of o rreeed
straacture s thhe molecular arrangermeni withis
the solid. Several exarmples of differernt hhabits 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-

stituent atoms or maolecules in a three-dirmern-
signal arrav, whereas amorphous formms bave

atorms or molecules randormly placed as in a lig-
wuid. Aanorphous fornms are tvpically prepared by
rapld_]:lr-lzﬂi itation, lyvophilization, oxr rapid cool-
ing of liguid melts. Since .Eu:n-c:rrph-::-us forrms arc
asually of higher therrmodynamic enersy than
correspornding ocrystalline forrms, solubilivties as
well as dissolution rates are generally greater.
Upon storage, amorphous solids tend to revert Lo
more stable forms. This thermodvnamic insta-
bility ., which camn occur during bulk processing




chemical compound

r [ 1

habat imternal structure

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

FlG. B-8B. Cutline of differentiating habit aend crystal
chemistry of a compound (From Haleblian, 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

-



molecular weight s 403,45,
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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 ymibdcroscope fitted with a hot
stage is a useful instrament for investigating
polymorphism, melting points, transition term-
peratures, and rates of transition at controlled
heating rates. In addition, the hot-stage micro-
scope facilitates differentiation of DSC endo-
therms (explained in the next section) for poly-
morphic transitions from desolvation processes
{when the sample is heated in degassed immer-
siom oil). A problem often encountered during
thermal microscopy is that organic molecules
can degrade during the melting process, and
recrystallizatiomn of the melt may not occur, be-
cause of the presence of contaminant degrada-
bon products,

= - - T - R - -



Thermal Analyvsis. Differential scanning
calorimetrv {DSC) and differential th
vsis (DTAY measure the heat loss or gain result-
ing fromn 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 transition ical deg-
radation. Crystallization and d tion are
Gisually  exothermic  pProcesses. antitative

measurements of these processes have many
apphc:a.l:mns in preformulation studies including
purity,'? polymorphism,'? sclvation,'? degrada-
tion, and excipient compatibility, 1518

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 oansition from one
polymorph to another mav be calculated 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 kinet-



A variable with DSC experiments is the at-
mosphere in contact with the sample. Usually, a
continual nitrogen purge is Mmaintained within
the heating chamber; however, the loss of a vala-
tile counter ion such as ethanolamine or acetic
acid during a polymorphic transitdon may pro-
duce misleading data unless the transitdon oc-
curs within a closed syvstem. In contrast, desol-
vation of a dihydrate-species, as shown in Figure
8-11, releases water vapar, which if unvented
can generate degradation prior to the melting
poirit of the anhydrous formn. During initial test-
ing, a wvariety of artmospheres should be tried
until the aobserved thermal process becomes
fully 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-

e, 109% of the dihvydrate form was easily de-

ple,

tected by both methods (Fig. 8-11). ]
ple preparation. Degradatiomny during thermnal
annalvsis mav provide misleading results, but
may be detected by high-perforrmance liguid
chromatography {HPIL.CY) analysis of samples

heated under representative conditions for re-
tention of drag or appearance of decayv products
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MK-Hawv. An important technigue for establish-
ing the batch-to-batch reproducibility of a crvs-
ftalline form is x-ray powder diffraction. Random
orientatiornn of o cnstal lattice imn a powder sarn-
Ple causes the x-rays to scatter in a reproducible
Ppattern of peak intensities at distincet angles (&)
relative o the incident beam. Fach diffraction
pattern is EhdI:lLtl.__"rlEU.E of a q.j.:l-l:E]_'Ei{: -r:]:*g,-'qE.El_Il]nE

Polymorphisn:

Polvmorphs can be classified as one of two
wpes: enatiotropic (one polvmorph can be re-
versibly changed into another by varyving tern-
pPeratare or pressure, e.g., sulbur) or monotropic
(one polyrmorphic form is unstable at all temper-
atures and pressures, e.g., glyvoeryl stearates).
Thers is no general way of relating enatiotrophwv
and monotrophy to the properties of the poly-
morphs, except by locating the transition term-
perature or thhe lack of one. At a specified pres-
sure, usually 1 armosphere, the temperatuire at
which two polyvmorphs have identical free ener-
gles is the transition temperature, and at that
temperature, both forms can coexist arnd have
identcal solubdvilities in any solvent as well as
identical vapor pressures. Below the solid melt-
ing temperatares, the polymorph with the lower
free energy, corresponding o the lower solubil-
ity or vapor pressure, is the therrmodynamically
stable forym.

- - - -



IDaring preformmulation, it is important 1o iden-
tify the polvmorph that is stable at room temper-
ature and to determine wl].ﬂﬂ:lﬂ—jlﬂ_ﬂ.:.m]ﬂﬂﬂ:l_ﬂ
iransitions are ssible within the temperature
range used for s ity studies and during pooc-
essing (diving, milling, etc.). As discussed by

eblian and McocCrome, a polvmorphic come-




wvapor, solid-vapor, arnd solid-rmele curves. ' A
free energv-temperature curve at 1 atmosphere
showuld be comstruacted sinoce termperature is uasu-
allv a more critical wvariable thhan pressuare in
prharrmaceutics. As previously discussed, chlor-
amphenicol palmbatatrte has thhree Kknown peolvimor-
¢ forynms, which are therrmodyoarmucally ode-
scribed bv a vanrnt Hoftf plot of firee enersy {(as
determuined from solubbility measurerments) wver-
sus termperature (Fig, §-14) "Transition termper-
atures are showrn by interseciion of the exirapo-
Iaed hnes;, o0~ 0 for formms A and O, and 850 for
forms A and B Form A is the stable form of tern-
eratures less than SOC T
ransition tompoeratuares obtairned by extrapo—
latiomn of van™t Hoff plots are susceptible to large
erTors. [Hrect rmeasurerments of rransitiorns are
praeferred to support the extrapolated intersec-
tiomn points in the solubidlity-temperaturs odia-
grams. 1 he most direct means for deterrmadamines
Iransiton termperaiures is milcrosoopic observa-—
tion of samples held at constant temperatures.
LInmnforcuomnately, thhese solid-solid or solid-wvapaoar-
solid ransitions usually ocour slowly, owing to
large actowvarion energies arnd slow nuacleation. To
facilitate the conversion rate_ a single polvimorph
Or a rmiMture of forms camn be gzranmnualated in o a
“*hbridongs™ solvent at variious temperatures. he
drugz should bhe only sparingly soluble in the
bridsing solvent, and solvate forrmaton should
ot ococur. T'hese experimmenits can be comnducted
guickly with a polarizing miadcroscopse, or sarmples
camn be stored in sealed comtainers at conrrolled
termperatures and perrodically exarmnined by
other suitable analyric mmethods.
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FIG. B8-14%. The van't Hoff pldod of sodubility vs. reciprocal
absalute termmperature for polymeorpies A, B, and & of clelar-
armrpleerricol  palrmeitate. Keay: FPolyrmrorpfes A O w—e )
B (eo— ) onnd O {O— ) (From Agwuicr, A J., e al -
J. Pharm. Sci., 58:983, 159689, Reproduced with permissioan
of the copyright owreer. ) .
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morphism is deterrmination of the relative stabil-
ity of metastable polymorph and prediction of its
rate of conversion within a dosage forrm. For sus-
pension dosage forms, the rate of conversion can
depend on several variables, inclhuading drag sol-
ubilicy within the wvehicle, presence of nuclea-
tion seed for the stable form, temperature, agita-
tion, amnd particle size. Solid dosage forms such
as capsules and tablets have similar complica-
tions due o the influence of particle size, Mois-
rure, and excipients. In short, the most effective



Hygroscopicity

Many drug substances, particularly water-sol-
uble salt forms, have a tendency to adsorb at-
mospheric moisture. Adsorption and  equilib-

rium moisture content can depend upon the
@mosphicnic  humidity, temperature, surface
area, exposure, and the mechanism for moisture

uptake, as described by Van Campen and co-
workers. '® Deliquescent materials adsorb suffi-
cient water to dissolve completelv, as is observed
withh sodium chloride on a bhumid dav. Uther
hveroscopic substances adsorb water because of
hvdrarte formation or specific site adsorption.
With most hvgroscopic materials, changes in
moisture level can greatly influence manv irm-
portant parameters, such as chemical stability,
flowability, and compactibilicy.

T test for bhvgroscopicity, samples of bulk
drug are placed in open containers with a thin

powder bed to assure maximum atmospheric
exposure, These samples are then -E::-;p:rﬁejﬂ LD A
fange of controlled relative humidity environ-
ments prepared with saturated agueous salt_so-

lutions. ™ Maoisture uptake e monitored




Firmne Particle Clhrarccterizaltior

Bulk flow, formulaton homogeneity, and sur-
fare—area controled processes such as dissolu-
don_and chemical rteacvity are directly alltected
by size, sha , and surface morpholo of the
?I;ﬁﬂﬂl_'—ﬁ. In general, each new drug candi-

ate should be tested during preformmulation
withh thhe smallest particle size as is practical to
facilitate preparatiom of homogeneous samples
arnd maximize the drag’s surface area for inter-
acilors.

A light mmicroscope with a calibrated grid usua-
ally provides adeqguate size and shape character-
jzation f:::-r drug particles. " Sampling :a:t‘..d. prepa-

— T Ja
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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




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 (gml) is determined Dy
pouring presieved (40-mesh) bulk drug into a
graduated cvlinder via a large funnel and meas-
uring the volume and weight “as is.” Tapped
density is determmined bv placing a graduated
cviinder containing a known mass of drag or for-
mulation on a mechanical tapper apparatus,
which is operated for a fixed number of taps
{— 1000 until the powder bed wvolume has
reached a minimum. Using the weight of drug
in the cylinder and this minimum volume, the
tapped density may be computed. Knowing the
anticipated dose and tapped formulationn den-
sity, one mayv use Figure 8-15 to determine the
appropriate size for a capsule formulaton.
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FIG. 8-15. Correlation between capsule size and packed
density for different fill weights (200—600 mg ).



Powder Flow Properties

Pharmaceutical powders may be roadly clas-
sified as -fowing or colesive (non-free-flow-
ingEr. Moo=t flow properdes are significanily af-
Tected by champes in paicle size, densicy,
shape, trostatic charge, and adsorbed rmojs-
[iTe, wliuch meay arise rom processing or ferrme-
Latsnr = Asg a result, a free-flowing droee candi-
date may become cabsesive during developrmsent
thus ecessitating an entirely new Tormisalacon
sirategy. Preformulation powder flow investiga-
thons should guantitatively assess the pharma-
ceutical comseguences of cach process Improve-
rment and provide direcoon for dhe formmulasceon
develogament project team. This direction meay
comsast of o fermnulatien recommmernrdation such
as granulation or cdensification via slugging. the




Whﬂf’rwmrmmaﬂﬂnﬂ are usu-
allv useless because of their lack of precision,
observation of powder flow from a glass funnel
and then a grounded metal funnel provides in-

sight into the drug's flow properties, electrostatic

properties, and tendency to brige in a cone-
shaped hopper.**



Solubility Analvsis

pKa Determinations

Determination of the dissociation constant for
a drug capable of ionization within a pH range of
1 to 10 is important since solubility, and conse-
guently absorption, can be altered bv orders of
magnitude with changing pH. The Henderson-
Hasselbalch eguation provides an estimate of
the ionized and un-ionized drug concentration
at a particular pH.

For acidic compounds:

.

pH — pKa + log [fonized drug]

fun-ionized drug]

For basic ugﬂmp-c:unds-:

[un-ionized drug]

pH = pKa + log [tonized drug]

{3



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 oOr absn'ﬁeﬁhmmte is
dissolved in a large qguantity ﬂf solvent. Most
commeonly, the solution process i1s endothermic,
or AH, is positive, and thus increasing the solu-
ton temp-erature"incrﬁases the drug solubility.
For 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 solution are determined from solubil-
ity values for saturated solutions equilibrated at
controlled temperaitures over the range of inter-
est. Tyvpically, the temperature range should in-
clude 5°C, 25°C, 37VC, and 50°C. The working
equationn for determining AH. is:

)+c (13)



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-

lize drug molecules by disrapting the hydroplhuo-
hic imnteractiorns of water at thhe mnonpolar solutesS
water interfaces., The extent of solubilization
Azt the additiorn of cosolvent depernds on thae
chernical stracture of thhe drag, that is,. the rmore
nonpolar the solute, the greater is the solubiliza-
tior: achieved bv ocosolvent addition:. This rela-
tiomship is illustrated in Figure S-19 for ]1"_-.'-:11:'-!:»-
cortisaorne andc h‘_l.-:_lru;}LurL‘.L&.{JI]:-E: 21 -heptanoabe. ™
The lipophilic ester is solubilized o a greater
exrtoent by addioons of propyvlemne gslvyvocol chan by
the more poalar parent CoOTTpsoL

Cosolvent effects for dissociated drouag mmole-
cules are ut.ua]_lg rmuch less, as shown by Kra-
mer arnd Flhvnmn 29 Some poorly soluble drass can
be solubilized inn mbicellar solutions such as
D01 MW Tween 20, or via rmolecular complexes as
with caffeine. ' These speciftfic formulatons
are uswually oot developaed -cl.n.un.ﬂg the prefor-
rmnulation phase. howewver.
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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 (mg)} of drag dissolved in
Lirrne L.

A plor of W versus t gives a straight line with
the slope e-caruaj. o the intrinsic dissolution rate
constant kK, asually expressed in units of
mg/cm</min.

Experimentally, a constant surface area is ob-
tained bv compressing powder into a disc of
known area withh a die and punch apparatus. Ei-
ther of the two systems shown in Figure 5-20
carn be used to maintain uniforrm hvdrodyonamic
conditions ((k constant). The rotating disc
method or Wood’s apparatus permits the hyvdro-
dynamics of the svstem to be varied in a mathe-
matically well-defined manner.?® The static disc
method is used because ir is conveniently avail-
able, but it contains an element of ondefined
turbulence, which necessitates calibration with
starndards. Potendial problems with this method
are transformations of the crystal form, such as
polymorphic transformations or desolvartion,
during its compression into a pellet or during the
dissolution experiment. Since many drug carndi-



Dissoluticon experiments with druag suspen-
Sions are further complicated by chanmgsing suar-
face area, chhanging surface crystal morphology,
and interstitial wetting. ! Howewver, dissolution
profiles with excess druag can be used o charac-
terize metastable polvimorphs or solvates. ITn Fig-
ure 5-21 . thhe comnversion of thhe metastable formm
IT to forrm 1 is shown o oocur in an organic sol-
wernt rmediuarm, which clearly depicets formm I as
the thermmodvnamuacally stable forrm at roormn tern-
perature. Static pellet dissolution rates also sul-
stantiated that forrm I was the higher energy
forrm sinoce its dissolution rate was significantcly
ereater ( Table 8-5.
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FiIfts. 8-20. Comnstarnt surface area dissoluwtion apparafus.
Lefit: static disc dissolution apparatus. Right: rodatirveg odisac
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Stability In Toxicology
Formulations

Since woxibcalogy studies typically oommsence
early in drug develbopment, it is often advisable
to evaluate samples of the tocodoolopy prepara-
thons for stabdlity and podential homogeneity
prabllems. Usually, a drag s admindscersd oo chee

animals im :hmw;wage of & salua-

Hom or suspension of the drog in an sagueous
wehicle




Solution Stability

The primarv objective of this phase of prefor-
muladon research is identification of conditions
necessary to form a stable soludon. These stud-
ies should include the effects of pH, ionic
strength, Sosolvent, Hght, temperature, and oxy-
Zerl.

— Solution stability lnvestlgaucrn*s-. usually com-
mence with probing experiments to confirm
decav at the extremes of pH and temperature
(e.g., O IN HC! water, and O.I1N NaOH all at
S0 C).

To generate a pH-rate profile, stability data
generated at each pH and temperature condition
are analyzed kinetically to yield the apparent
decav rate constants. All of the rate cOnstants at
a single temperature are then plotted as a func-
tion of pH as shown in Figure 8-22. The minri-
mum in this curve is the pH of maximum stabil-
ity. Often, this plot, as it approaches its limits,
provides insight into the molecular involvement
of hvdrogen or hvdroxide ions in the decay
mechanism .®®

An Arrhenius plot is constructed by plotting
the logarithm of the apparent decay rate con-
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A Arrhenius plot is construacted by plotting
thhe logarithm of the apparent decay rate con-

stant versus the reciprocal of the absolute tem-
perature at which each particular buffer solution
was stored during the stabilitv test. To justify
extrapolation to “use’” conditions, stability stor-
age temperatures should be selected that incre-
mentally (At — 10°C) approach the anticipated
“use” temperature. If this relationship is linear,
one may assume a constant decay mechanism
over this temperature range and calculate an
activation energy { Ea) from the slope { —Ea/R) of
the line described by:

Ink = —= (&) +C (19)

where C is a constant of integration and R is the
gas constant.

A broken or nonlinear Arrhenius plot suggests
a change in the rate-limiting step of the reaction
or a change in decay mechanism, thus making
extrapolation unreliable. In a solution-state oxd-
dation reaction, for example, the apparent decay
rate constant decreases with elevation of tem-
perature because the solubility of oxygen in
water decreases. At elevated temperatures, exX-



cipients or buffers may also degrade to give
products that are incompatible with the drug
under study. Often, inspection of the HPLC
chromatograms for decay products confirms a
change in the decay mechanism.

Shelf-life (t,qe) for a drug at “use” conditions
may be calculated from the appropriate kinetic
eguation, and the decav rate constant obtained
from the Arrhenius plot. For a first-order decay
process, shelf-life is computed from:

—In 0.90 0.105
Liom = J{] = kI (Eﬂ)

where tiae is the time for 10% decav to occur
with apparent first-order decay constant k,. Fre-
quently, it is useful to present the pH-rate pro-
file as a plot of pH versus t,ge shelf-life data.



. Solid State Stability

il N AT ha T

To study the many possible solid state reac-
tions, one may need more than a specific assay
for the intact compound. Polymorphic changes.
for example, are usually detected by differential
scanning calorimetry or quantitative infrared
analvsis (IR). In the case of surface discoloration
due to oxidation or reaction with excipients, sur-
face reflectance measurements on tristimulus or
diffuse reflectance equipment may be more sen-
sitive than HPLC assay. In any event, additional
samples are required in the solid state stability
study to accommeodate these additional tests.



If
humidity directly affects drug stability, the con-
centration of water in the atmosphere may be
determined from the relative humidity and tem-
perature by using psychrometric charts.®® Sta-
bility data obtained at various humidities may be
linearized with respect to moisture using the fol-
lowing apparent decay rate constant:

ke: = | 2Pl - ka 21>

where [gpl] is the concentration of water in the
atmosphere in units of grams of water per liter of
drv air, and kg is the decay rate constant at zero
relative humidity. For example, a 75% relative
humidity atmosphere at 37°C is equivalent to
0.0405 grams of water per liter (gpl) of dry air.
When the effect of moisture on chemical stabil-
ity is examined in detail, a comparison to solu-
tion state stability and hygroscopicity data may
suggest an agueous reaction occurring in the
drug-saturated water laver on the crystal sur-
face.



1o determine the solid state stability protile ot
a new compound, weighed samples are placed in
open screw cap vials and are exposed directly to
a variety of temperatures, humidities, and light
intensities for up to 12 weeks (Fig. 8-23). Sam-
ples usually consist of three 5- to 10-mg weighed
samples at each data point for HPLC analysis
and approximately 10 to 50 mg of sample for
polvmorph evaluation by DSC and IR (~2 mg in
KEBr and —20 mg in Nujol). To test for surface
oxidation, samples are stored in large (25-ml)
vials for injection capped with a Teflon-lined
rubber stopper and the headspace flooded with
dry oxygen. To confirm that the decay observed
is due solely to oxvgen rather than to reduced
humidity, a second set of vials should be tested
in which the atmosphere is flooded with dry ni-
trogen. After a fixed exposure time, these sam-
ples are removed and analvzed by multiple

methods to check for chemical stability, poly-
morphic changes, and discoloration.



Another useful relationship for analyzing solid
state stability data assumes that a compound
must partially liguefy prior to decomposition.
Given that the mole fraction of the solid that has
liquefied (F,,) is directly proportional to its decay
rate, then:

_ —Abta, [L — L]
Ink,,, alnF,_, = = T — T (22)

where AHg,. is the molar heat of fusion, Tm is
the absolute melting point ("kelvin), T is the ab-
solute temperature of the stability studv, and R
is the gas constant.



A list of the most common excipients is cre-
ated along with the hypothetic formulations uti-
lizing these excipients. Usually, the approxi-
mate dose of the drug is known; thus, each
excipient can be blended with the drug at levels
thhat are realistic with respect to a final dosage
form (e.g., 10:1 drug to disintegrant and 1:1
drug to filler such as lactose). Each blend is then
divided inte weighed aliquots, which are tested
for stability at some elevated temperature (50°C)
that is lower than the melting point of the in-
gredients. Early inspection (AT — 2 davs) of
these stability samples mav allow culling of
those samples with a phase change and allow for
retesting at a lower temmperature. If possible, pel-
lets should be formed from the drug excipient
blends to increase drug-excipient contact and
accelerate testing.

In addition to excipient compatibility testing,
small batches of hvpothetic capsule or tablet for-
mulations (2 or more) should be prepared and
tested in the same stability protocol to check for
possible incompatibilities arising from a multi-
component forrmulation.



Formulation Recommendation

Upon completion of the preformulation evalu-
ation of a new drug candidate, it is recom-
mended that a comprehensive report be pre-
pared highlighting the pharmaceutical problems
associated with this molecule. This report
should conclude with recommendations for de-
veloping phase 1 formulations. These reports are
extremely important in preparing regulatory

documents and aid in developing subseguent
drug candidates.



