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propyl methylcellulose should have no signiticant
effect on the rate of disintegration of the tablet
core and subsequent drug dissolution provided
that the film coat dissolves rapidly and indepen-
dently of the pH of the gastrointestinal fluids.
However, if hydrophobic water-insoluble film
coating materials such as cellulose acetate
phthalate, ethylcellulose or acrylic resins are used
to coat tablet cores, the resulting film coat acts as
a barrier which delays and/or reduces the rate of
release of drugs from tablet cores. Thus these
types of film coating materials form ‘barriers’
which can have a significant influence on the
absorption of drugs from film-coated tablets.
Whilst the formation of such ‘barrier’ coatings
would be disadvantageous in the case of film-
coated tablets intended to provide rapid rates of
drug absorption, the concept of ‘barrier’ coating
has been used (along with other techniques) to
obtain more precise control over drug release than
s possible with conventional uncoated tablets. In
this context, film coating has been used to provide

limited control over the site at which a drug is
released from a tablet into the gastrointestinal
tract, and

3‘*_ controlled continuous rate of drug release
from a non-disintegrating (intact) tablet as it
Passes along the gastrointestinal tract.

In this Jatter case, ‘barrier’ coating is one of many
formulation techniques which have been used to
iicrease the duration of therapeutic action of a
dmg contained within a peroral dosage form. For
information concerning  controlled/sustained/
Prolonged  release peroral dosage forms, the
reader should refer to the reviews by Ritschel
1973) and Hon-Leung Lee and Robinson (1978).
_ Enteric coated tablets The use of barrier coating
- “r_d.@l’ o control the site of release of an orally
“dministereq drug is well illustrated by enteric-
*0ated tablets. An enteric coat is designed to resist
sastric fluids but to disrupt or dissolve when the
_dted tablet enters the duodenum. Polymers such

: Cellulose acetate phthalate, hydroxypropyl
p;t}lllifcellulose phthalate and polyvinyl acetate

Ate are used as enteric coatings. These
ﬁi‘mﬁs dissolve slowly over the gastric pH range
H f')al o but dissolve rapidly at the less acid

Ues associated with the small intestine.
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Enteric coatings should preferably begin to
dissolve at about pH 5 in order to ensure the avail-
ability of drugs which are absorbed primarily in
the proximal region of the small intestine (Rees,

1574). Enteric coating thus provides a means of

delaying the release of a drug until the dosage
form reaches the small intestine. Such delayed
release provides a means of protecting drugs
which would otherwise be destroved if released
into gastric fluid (see earlier in this chapter).
Hence enteric coating serves to improve the
peroral bioavailability exhibited by such drugs
from uncoated conventional tablets. Enteric
coating also protects the stomach against drugs

which can produce nausea or mucosal irritation if

released at this site, e.g. phenylbutazone, aspirin.
In addition to the protection offered by enteric
coating, the delayed release of drug also results in
a significant delay in the onset of the therapeutic
response of a drug. The onset of the therapeutic
response is largely dependent on the residence
time of the enteric-coated tablet in the stomach.
Gastric emptying of such tablets i1s an all-or-
nothing process, i.e. the tablet is either in the
stomach or in the duodenum. Consequently drug
is either not being released or being released. The
residence time of an intact enteric-coated tablet in
the stomach can vary within and between subjects
from about 30 minutes to several hours (Bech-
gaard and Christensen, 1982). Hence there is
considerable intrasubject and intersubject vari-
ation in the onset of therapeutic action exhibited
by drugs administered as enteric-coated tablets.
The formulation of an enteric-coated product in
the form of small individually enteric-coated gran-
ules or pellets contained in a rapidly dissolving
hard gelatin capsule or a rapidly disintegrating
tablet, would largely eliminate the dependency of
this {\pL of dosage form on the all-or-nothing
gastric emptying process associated with the intact
enteric-coated tablet. Provided that the coated
granules or pellets were sufficiently small (less
than 1 mm diameter), they would be able to pass
the pylorus even when the sphincter was closed
(Bechgaard and Christensen, 1982). Hence
énleric-coated granules and pellets would exhibit
a gradual but continual rclcusc‘lrom the stomach
into the duodenum. This type of release would also
avoid the complete dose of drug being released
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into the duodenum as occurs from an enteric-
coated tablet. The intestinal mucosa would thus
not be exposed locally to a potentially toxic
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224 DRUG DELIVERY SYSTEMS
THE CONCEPT OF PREFORMULATION

Almost all new drugs which are active orally are
marketed as tablets, capsules or both (Table 13.1).
Although only a few drug compounds are eventu-
ally marketed as an injection (25% of those drugs
marketed as tablets), an injection, particularly by
the intravenous route, is always required during
early toxicity, metabolic, bioavailability and
clinical studies in order to guarantee precise drug
and dose deposition. Other dosage forms may be
required (Table 13.1) but these are usually drug
specific and often depend to a large extent on the
successful development of tablets, capsules and
injections.

Prior to the development of these three major
dosage forms with a new drug candidate, it is

Table 13.1 Frequency distribution of dosage form types
manufactured in the UK (Data Sheet Compendium)

Dosage form Frfquem‘i\; (%)
Tablets 45.8
Liquid oral 16.0
Injections 15.0
Capsules 13.0
Suppositories and pessaries 33
Topicals 3.0
Eye preparations 1.8
Aerosols (inhalation 1.2
Others 0.3
R v = M 314 e L0 A i

Iabk 13.2 Preformulation drug characterization

Test Method, funcrmn-‘chamcrmzatm
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essential that certain fundamental physical gnd
chemical properties of the drug molecule and
other derived properties of the drug powder ar
determined. This information will dictate many of
the subsequent events and possible approaches in
formulation development. This first learning
phase is known as preformulation.

A suggested list of information required in
preformulation is shown in Table 13.2. It &
assembled in a logical order recognizing the relative
importance of the data and probable existence of
only limited quantities of bulk drug (mg rather
than g) at this stage of its development. Invest-
gators should also be pragmatic and only generate
data which is of immediate relevance, especially
if the likely dosage forms are known. ‘

However, a knowledge of two fundamentd
properties is mandatory for a new compound:

1 intrinsic solubility (C,),
2 dissociation constant (pK,).

These will immediately determine (a) the need and
(b) the possibility of making more soluble salts_u!
the drug to eliminate solubility-related poor bio-
availability, particularly from solid dosage 10”_11.5-‘

Independent of this pharmaceutical profiing
(Table 13.2), analysts will need to generate d’uf
(Table 13.3) to support the assay of existing ¢
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cal and | Table 13.3 Analytical preformulation Once the u.v. spectrum of the new drug
ale and Amibute  Test molecule is established, it is possible to choose an
e ' o Nuclar magnetic resonance (n.m.r.) analytical wavelength (often hmax) that is suitable
many of ~ Infra red spectroscopy (i.r.) to quantify the amount of drug in a particular
cha s Ultraviolet spectroscopy (u.v. solution. Excitation of the molecule in solution

5 Thin layer chromatography (1.1.c.) ey
earning Differential scanning calorimetry (DSC causes a loss in light energy and the net change
Optical rotation, where applicable from the intensity of the incident light (1) and the
ired in Purity Moisture (water and solvents) transmitted light (/) can be measured. The
R gzé;rf‘?nri:‘c;::;;ments amoun[_of light absorbed by 4 solution of drug is
relative v proportional to rhe.cuncentrauon (C) and the path
ence of Differential scanning calorimetry (DSC) length of the solution () through which the light
 rather Ay ' Titration source has passed. Equation 13.1 is the well-
Investi- U!traviole_[ spectroscopy (u.v. known Beer—-Lambert law where e is the molar
enerate | H‘ﬁ]hppfi_m‘rma““ liquid chromatography extinction coefficient.
pecall [ Quality  Appearance Absorbance (A) = logo ([.,-"1} = eCl (13.1)
| Odour
amental | Solution colour However, it is usual in pharmacy to quote the
nd: Eﬁlgi slurry (saturated solution) specific absorption coefficient (E} %,, or E! for short)
ol where the pathlength is 1 cm and the solution
new bulk material, Although their data meet a COTCeNtration i_S 1% w/v(10 mg rpi ) Si'?“' d,oscs
dilferent need, it can often be used to complement and concentrations are generally in metric units.
edand | and confirm pharmaceutical data. Their greater
salts ol [ ining and knowledge in analysis will assist, for ; SOLUBILITY
- b SXample, in the identification of suitable stability-
ﬁr;]izg iﬁdl;::[glﬁg aisafys by U{Ua"_iOlC.[ SP?C"OSCOP.V fU" When a preformulation programme begins, the
te data hp.lc “af:dr Erm:\ame : ilqu“_i .‘LhromAat.o.gyaph} availability of drug is always limited and the
al f i E' ® the screening of incompatibilities by preformulation scientist may only have 50 mg.
ng 0 layer chromatograph_v {t.lc) Thus, it is important that the best use of this
limited bulk is made to support the continuing
W I'Sp ECTROSCOPY efforts to the synthetic chemists and the biologists
e 28 pursuing activity and toxicity screens. Further-
1 | .I:: lﬁrS[ Step_m preformulation is to establish a more, bf:cause the compound is new, the qualit_vA
: mea}:;r analytical method so that all future Is mv..a'x.'lably poor, so that a ;arge nu‘mrbe_r .(?t
| & tments can be quantitative. Most drugs impurities may be present and often the first Ll')- §-
Emrb light in the ultraviolet wavelengths tals come down as a metastable polymorph (see
/oy Cof;ﬂ? since they are generally aromatic  Section 3 of this chiapt_er am'isgl;:gk‘:'hz "-b 3;;‘;’;;1‘
e o ain do_uble bonds. Conﬁrmanqn_ _Of ingly, Lf mthmie e ge is n}e:d Th-e‘;c g
| of the SVHIECI}!TE 1s, of_ course, the ire_sponmblht__v efnd pK, must ; ftgl?:?diétates .l.he b
5 | ofurhe eluc chemist. The agdxc or basic futgre w_ork. T e S0 uf: ity .
i | funetig mOIeL_‘UIPi can be predicted _trom the whlgh .tormt.llau?ns or 1 g o
(L 39;1 s SToups in its structure (Perrin er al., studies in animals are obumt_:d. Tht PA_‘I_J lows
ermurl:c S];}llijowi“ in_dica{e suiFab!e solvents to the info@e? us‘tl:1 Oflgftfh:ifg:-*?;i;l:i::‘:u{t’)‘g?}'ﬂi‘::
i s n of _ext.he'r the 1on1z.ed or updi;- to choﬂ_bc S,.a'lt‘st:"l")l'1 fi m-the solid state (Chapter
| Satug of des. This is important since the ionic gf;md blpa‘m a' :fl.}bﬂrir:v (Chaﬁter 71 and‘ e
Wctrum by ;}Ug can alter the' shape of tt_u: u.v. 9) and _1mprC0t:€ :h: ey /
" Welengrhs f'bcfﬁasmg ab'm'rpnon g s If?ﬁ‘ Pfogeflﬂ‘fs (197;?:.1 cél;ad that unless a compound
lue) Shifts'l\ ;:: oc_hrormc L.red) or_hypsochrorruc R ‘ 5 gglubiljtv in excess of 1%
L fooyr. ) which maxima, minima or both has an aQQEUUS S0 s 1.7 37 °C
(10 mgm} ) over the DH range /oat 377G,
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then potential bioabsorption problems may occur.
He also found that if the intrinsic dissolution rate
was greater than 1 mg cm 2 min~! then absorp-
tion was unimpeded. However, dissolution rates
of less than 0.1 mg ¢cm 2 min ! were likely to give
dissolution rate-limited absorption. This ten-fold
difference in dissolution rate translates into a
lower limit for solubility of 1 mg ml-! since,
under sink conditions, dissolution rate and solu-
bilities are proportional (Hamlin er al., 1965).

A solubility of less than 1 mg ml ! indicates the
need for a salt, particularly if the drug will be
formulated as a tablet or capsule. In the range
I-10 mg ml-' serious consideration should be
given to salt formation. When the solubility of the
drug cannot be manipulated in this way (as in the
case .of neutral molecules, glycosides, steroids,
alcohols or where the pK, is less than 3 for a base
or greater than 10 for an acid) then liquid filling
in soft gelatin capsules (in a solution in PEG 400.
glyceryl triacetate or fractionated coconut oil) or
45 a paste or semisolid (dissolved in oil or
triglyceride) in a hard gelatin capsule may be
necessary

Intrinsic solubility (C,)

An increase in solubility of the new drug in an
acidic solution compared with its aqueous solu-

jSCﬂuDlll[V (mg mi™")

3]
e

bility suggests a weak base, and an increase in
alkali, a weak acid. In both cases a dissociation
constant (pK,) will be measurable and salts should
form. An increase in both acidic and alkaline solu-
bility suggests either amphoteric or zwitterion
behaviour; in this case there will be two pK.s, one
acidic and one basic. No change in solubility
suggests a non-ionizable, neutral molecule with no
measurable pK,. Here solubility manipulations
will require either solvents or complexation.

When the purity of the drug sample can be
assured, the solubility value obtained in acid for
a weak acid or alkali for a weak base can be
assumed to be the intrinsic solubility (C,). The
solubility should ideally be measured at two
temperatures: (a)4 or 5°C to ensure good
physical stability and to extend short-term Storage
and chemical stability until more definitive data
is available and (b) 37 °C to support biopharms
ceutical evaluation.

However, since absolute purity is often in doub!
for the first few batches of new drug, it is mor
accurate to determine this crucial solubility by us¢
of a phase-solubility diagram (Fig. 13.1). The datz
are obtained from a series of experiments in whicl
the ratio of the amount of drug to the amount 0
dissolving solvent is varied. Any deviation o™
the horizontal is indicative of impurities which 2
higher drug loading and its inherent impurii®

Self-association; compfex.a_tion
or solubilization by impurities

Pure—no interaction

Suppression by common ion effect
or salting out

e
! 2 4 T
8
Drug /Solvent Pha Rati
Fig. 13.1 Effect of drug- solv : e elp
esumate of its Wlubﬂ?vg 'ms"tl}‘.fﬂ:‘ri?oog solubility when the drug is impure. Assuming the compound is 2 base an? Ihj
centrifugation or filtration and dilution for wy. ;lalf:; 3ml is the smallest volume which can be manipulated c!ic;hen the

concentration in solution determined

The vials should be agitated continuously overnight a0
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ease m Table 13.4 Potential pharmaceutical salts
. ! T 7 SRR —
1atio 25 D Rl M T T
UL;] "i Basic drugs . Acidic drugs
3 ) z L T e U L el S I
i Anion PK, % Usage* Cation K / i
ne solu- SR A LI T PR, sage
e hioride » P e
e :_r.‘.inkhlnfldn 6.10 ; 4,_‘.,*3 Potassium 16.00 10.8
B Sulphate 2% —-3.00, +1.96 e Sodium 14.77 62.0
\Jh._n_-:a Tosylate —1:34 0.1 Lithium 13.82 ] 6
lubility Mesylate -1.20 2.0 Calcium 139[} 10.5
ik ;;s\]ljile 't]l” 81 ?)ﬁ_ag;ciium 11.42 1.3
5 I 7 3 1ethanolamine 9.65
ulations Maleate 1.92, 6.23 3.0 Zinc . 8,96 i ::
i Phosphate 2.15, 7.20, 12.38 3.2 Choline 8.90 0.3
cai be :j;"-"l?“’ :8:: 0.9 Aluminium 5.00 0.7
<D lartrate 3. 3.5 . 2
acid for Lactate 3.10 0.8 Wb %
can be Citrate 3.13, 4.76, 6.40 3.0
). The | Denzoate 4.20 0.5
‘ | Succinate 4.21, 5.64 0.4
at {““ } Acetate 4.76 1.3
¢ good | Others 30.2
| 30.2
storage | ep g e : phan Sp
| th“ Martindale (1982), The Extra Pharmacopoeia, 28th edition. The Pharmaceutical Press, London.
ve daa
oharma- CII_le_r Promotes or suppresses solubility. In the forming compounds and predict the solubility
{ ses where the observed result changes with the and pH properties of the salts.
1] { 1 Fa & - -
n doubt 4mount of solvent, the line is extrapolated to zero s ) ;
is Mo | phase ratio, where solubility will be independent A_lber{ e bcr@ant ;1?84| Elve s datitied sccotint
7 by use l o solvent level and a true estimate of the intrinsic of how to obtain precise pK, val.u-cs b g
“he data olubility of the drug. The United States TEUY> spectroscopy and Ct.!ﬂdll&.‘[l\_'l[}" and there is
n which ’ Phﬂfmacopoeia uses this method to estimate the further discussion in Chapter 3 of this book.
ount of ; punty of mecamylamine hydrochloride.
yn from | Salts
which2 | ; : . i
purities PK, from solubility data A major improvement in solubility can be
I . i achieved by selection of a salt. Acceptable phar-
| venty-five per cent of 11d ; : izl 2 P 7
| e weak o Ot all drugs are weak bases maceutical salts are shown in Table 13.4 which
| reak acids A R : i i :
| ton-ion;e o hdud_a and the remaining 5% are 4iso includes their corresponding pK, values (see
| tPpropriate " pioteric or alcohols). It is therefore Chapter 3 for further discussion). As an example,
qatiogs £ consider the Henderson—Hasselbalch the consequences of changing chloridiazepoxide to
s for w el e B . i ; ;
been discyyg weak bases and acids. These bave  viriots tule fobme'is Miowh i Table 13.5.
shilicy Cussed in Chapter 3 and their bioavail- ;
B, Ity Consequences in Chaptcr 9. Table 13.5 Theoretical solubility and pH of salts of
r weak bases chlordiazepoxide
Salt K, Salt pH  Solubility
pPH = PK, + logio([B] / [BH*]) (13.2) mg ml
and for weak acids R 480 830 2.0
B Hydrochloride -6.10 2.53 <165""
g =pK, + 10gm([A ]/ [HA]) (13.3) Sulphate =300 253 Freely soluble
| Equation Besylate 0.70 2.53 Freely ‘soluble
| (13.2) and (13.3) are used: Maleate 1.92 3.36 57.1
| ¥tod . Tartrate 3.00 3.5 17.9
cle; - g ;
| solub; Thine the pK, by following changes in Benzoate 4.20 4.50 6.0
| o Ubtlity, Acetate? 4.76 4.78 4.1
the % 1o al| s i 3 ?
and Pro ..OW the prediction of solubility at any pH  Maximum solubility of chlordiazepoxide hydrochloride,
ther K‘Ided that the in[rinsic ‘;Olubﬂit\‘ (C .; and achieved at pH 2.89, is governed by crystal lattice energy
the 2 26 known . ; W i o and common ions. : :
n Own, and 2 Chlordiazepoxide acetate may not form; pK, too high and

¢ to fa‘. .
Cl . .
litate the selection of suitable salt-  close to drug.
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In some cases, salts prepared from strong acids
or bases are freely soluble but also very hygro-
scopic. This can lead to instability in tablet or
capsule formulations since some drug will dissolve
in its own adsorbed films of moisture (the usual
prerequisite for breakdown) and in the case of a
weak base, a strongly acid solution may be auto-
catalytic. Accordingly it is often better to use a
weak acid or base to form the salt provided any
solubility requirements are met. A salt which is
less soluble will also be generally less hygroscopic
and form less acidic or basic solutions (Table
13.5). This may also be important in physiological
terms. Injections should lie in the pH range 3-9
to prevent vessel or tissue damage and pain at the
mjection site. Oral syrups should not be too acidic
o enhance palatability. Packaging may also be
susceptible; undue alkalinity will attack glass, and
hydrochloride salts should not be used in aerosol
cans since a propellant-acid reaction will corrode
the canister.

It is also clear from Table 13.5 that not only
does the intrinsic pH of the base solution, in this
example chlordiazepoxide, fall significantly from
pH 8.3 if salt forms are produced but, as a
consequence, the solubility increases exponentially
Egns 13.2 and 13.3). This has important impli-
cations in vrwo. A weak base with an intrinsic solu-
bility greater than 1 mg ml~! will be freely soluble
in the gastrointestinal tract, especially in the
stomach. None the less it is usually better to
formulate with a salt since it will control the pH
of the diffusion layer (the saturated solution
immediately adjacent to the dissolving surface).
For example, although chlordiazepoxide base (.
= 2mg ml-' at pH 8.3) meets the requirements
for i vivo ‘solubility’ (Kaplan, 1972 ); commercial
Capsules contain chlordiazepoxide hydrochloride
C;=165mgml ! at pH 2,53,

: A weak base will have a high dissolution rate
ntcsinal e 20" o the gt
; . PH nises and dissolution rate
falls. Conversely a weak acig has minimal
dissolution In the stomach bur i becomes more
soluble and its dissolution rate increases as it

At t achnent 3a: Copy of Document 3 fromthe Rutgers University Library

usually much greater than the parent drug
Sodium and potassium salts of weak acids dissolve
much more rapidly than the parent acid and some
comparative data are shown in Table 13.6. On the
basis of bulk pH these salts would be expected to
have lower dissolution rates in the stomach.
However, the pH of the diffusion layer (found by
measuring the pH of a saturated bulk solutiAon. I8
higher than the pH of gastric fluid r\wh‘:ch s
usually approximately pH 1.5) because of ther
buffering action. The pH approximates to a
saturated unbuffered aqueous solution (calculated
pH in Table 13.6) and the dissolution rate is
governed by this pH and not the bulk media pH.
In the intestine, the salt does not depress the pH,
unlike the acid which is neutralized, and the
diffusion layer pH is again raised to prtimﬂfc
dissolution. Since solubility is exponentially
dependent on pH (Eqns 13.2 and 13.3) there i
a significant increase in dissolution rate over lhff
free acid. Providing that the acid forming the sal
is strong, the pH of the solution adjacent 10 l}lt‘
dissolving surface will be that of the salt, whereas
for the dissolving free base, it will be the pH o
the bulk dissolving media. With weak bases, [i‘fflf
salts dissolve rapidly in the stomach ,buF thcr.‘:
no absorption since the drug is ionized J“e
absorption is delayed until the intestine. ThrI
any undissolved drug, as salt, rapidly d""‘"‘ri
since the higher diffusion layer pH COmPeer"eI‘
for the higher bulk pH which would be ext;«.mdl.'
unfavourable to the free base. Data for ch‘i(l);.c
azepoxide are shown in Table 13.5. The maie®

K S oir sodium
Table 13.6 Dissolution rates of weak acids and the
salts AL

Drug pKa pH Dissolution ra

(at Cg) (mgom = min -
Dissolution m;‘.f:u’,f
0.1M HC! phf;{iﬁ:
'IJH 1.5 (pH 0
Salicylic acid 3.0 240 1.7 3<|]!
Sodium salicylate 7% g 0
Benzoic acid 42 2.8 2.1 1770
Sodium benzoate 9.35 it 3
Sulphathiazole 7.3 7 <0.1
i 5 § 1 S
s o 10.75 550 5

Dissolution rate data from Nelson (1958).
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ug. salt has a predicted solubility of 57 mg ml-! but stability are unattainable. Table 13.7 shows a
lve more importantly reduces the pH by 5 units. By range of solvents to fulfil these needs. Aqueous
g controlling diffusion layer pH, the dissolution rate methanol is widely used in h.p.l.c. and is the stan-
[hf can increase many fold, independently of its dard solvent in sample extraction during analysis
110 position in the gastrointestinal tract. and stability testing. It is often made acidic- or
"'h'. Miller and Holland (1960) stated that different alkaline to increase solvent power and ensure
Ib_-‘ salts of a drug rarely change its pharmacology, consistent ionic conditions for u.v. analysis. Other
:' :: Qniy i[s. physical properties. Wagner (1961) qual-  pharmaceutical solvents are available (see Spiegel
hei.r ﬁcd this §tatem.ent to acknowledge that salts do and ‘Nose_worthy, 1963) but are generally only
effect the intensity of the response. The salt form required in special cases. The most acceptable
:m‘; does chfmge the.ph_vsicocha?mical properties of‘t'he non-aqueous solvents pharmaceutically are
i d;yg. Changes in dissolution rate a_nd so!ubllﬂy g_l_vccrol_, propylenu glyc.ul and ethanol. Generally
;H. att;c}cr the rate and extem_of absorpnon‘ (_bxoavall- for a .hpophxhc drug (i.e. one with a partition
E‘H- abdi'ty}, .and changes in hygroscopicity and coefficient (log P ) greater than 1), solubility
& stability influence formulation. : doubles through th}s series.
= Copsequently 'each new drug candidate must be Where bulk is hmueq and when the aqueous
all examined extenijvely to choose the most suitable solubility is inadequate, it is useful to measure the
ik Salltfor formulation and because each potential salt solubility in aqueous cosolvent mixtures rather
the will behave_ differently, each requires separate than in a pure organic solvent. Whereas solubili-
sak preformulation screening. ties at other levels and their mixtures can be
the predicted, the solubility in pure solv;jn[ is often
€25 Solvents inconsistent. Furthermore, folrrnulanons‘ r;:rclly
of As . : L 0 i oo demand pure non-aqueous solvent, particular y
[.1;”[ :;L,:::ago[ze:ni?c.thtel?ﬁm}judl?’.1[ lbfgm?r.d”i injections. For. ;xamp'le? ethanol should only. be
% o even if pes: 1ae formu SN e used up to 10% in an injection to prevent haemo-
ind mﬂrketizz slucizh;:r:r(;fiugf ,E;;nél;;? c([?ltoi ‘lgt&;“; lysis and pain at the injection site (Cadwallader.
| 4l 47 1 ; a 1978).
,r; | ;;h;m IS obviously water. However, although Phis tead er will find more details on the prop-
;m m:ql;]uegmﬁ dlol[):tgid‘i(lisrt:ilfng?:nta‘::umrizz‘:::;i ertlies ot'_soluti_ons 1'_n Chapter 3 and on the formu-
Iy solv WA : A lation of solutions in Chapter 14.
:fi i' £ tnts must be used (a) as cosolvents in formu- f
i | 1S to improve solubility or stability and (b) in Partition coefficient (K°)

“alysis o facilitate extraction and separation (e.g.

" dromatography)

:,,m:rllse::: ised in Cmulsior_ls_, topicals (creams and

ol pre. a)? \Dtramuscular injections and hquxd—h{l

il aP fations (soft and hard gelatin F:_ipsules}
QUeous pH and cosolvent solubility and

Table 13
¢ Recommendeq solvents for preformulation screening

Partition coefficient (solvent:water quotient of

drug distribution) has a number of applications

which are relevant to preformulation.

(a) Solubility: both aqueous and in mixed
solvents.

i 1 Solp : -
L § ' i Dielectric constant (€) Solubility parameter (& Application
: M»ain 80 24.4 All ‘
| o . : 32 14.7 Extraction, separation
2 ! : [-\i;CI PH 1.07) Dissolution (gastric), basic extraction
| Buffer agli,‘pf{ 13.1) Acidic extraction
1 Ethag, ) Dissolution (intestinal
Py ’ol 24 12.7 Formulation, extraction
q;v'g-‘;Te glycol 32 " ‘2' 6 Formulation
— PG ;80 43 16.5 Formulation
i 35 Formulation

L
el are oo - . :
¢ Considered further in the chapter on the formulation of solutions (Chapter 14).
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b) Drug absorption in vive: applied to a hqm(\—
logous drug series structure activity
relationships (SAR). :

¢) Partition chromatography: choice of ‘cnlun}n
h.p.l.c.) or plate (t.l.c.) and choice of mobile
phase (eluant), see Section 4.

I'he measurement of K, and its use in cosolvent

solubility and structure activity relationships are

pertinent here, while application in aqueous solu-

for

bility prediction is discussed under melting
point (Section 3) and in chromatography in
Section 4

Cosolvent solubihty

I'he relative polarities of solvents have been scaled
using dielectric constant (€), solubility parameter
0), interfacial tension (y) and hydrophilic-lipophilic
balance (HLB), the latter normally being applied
to non-ionic surfactants in emulsion technology.
I'he best solvent in any given situation is one
whose polarity matches that of the solute: an ideal.
fully compatible solution exists when &

solvent =
This can be ascertained by determining
solubility maxima, using a substituent contri-
bution approach (Fedors, 1974). An alternative
measure 1s to evaluate

the dielectic requirement of
the system (Paruta & others, 1965).

However the most practically useful scale of
polanity or lipophilicity for a solute is its K3, oil:
water partition since the other
approaches do not allow c€asy estimates for the
behaviour of crystalline solids (solutes).

For a wide range of drugs it is possible to relate
solvent solubility and the partition coefficient
log K, = log P). Yalkowsky and Roseman | 1981
derived the following expression for 48 dru
propylene glycol

coefficient,

gs in

log C, = log C, + f(0.89 log P + 0.03) | 13.4)

Equation 13.4 can be applied more generally by

introducing a factor ® 10 account for the relative
\'oivcpt power of pharmaceutical solvents found in
practice Table 13.8), and predicted by comparison
of interfacial tension against a liquid hydrocarbon
tetradecane (Yalkowsky er al., 1975). :
Equation 13.4 now becomes, fo

r a wide range of
solvents:

At t achnent 3a: Copy of Document 3 fromthe Rutgers University Library

Table 13.8 Solvent power (¢) of some pharmaceutical

solvents : 3
Solvent Relative solvent
= power
Glycerol 0.5
Propylene glycol (PEG 300 and 400) 1
S >
Ethanol 2
DMA, DMF 4

+ fllog ¢ + 0.89 log P + 0.03

135

leg G '="log C,

Methodology and structure activity prediction

Choice of non-aqueous solvent (oil) The .;u&:
water partition (K3,) is a measure of the rcl'.lli\';t'
lipophilicity (oil-loving) nature of a compound,
usually in the unionized state (HA or B ‘-bclxa'cgi
an aqueous phase and an immiscible IlP"Ph‘t“:
solvent or oil. Many partition solvents have been
used (Leo er al., 1971), but the largc.\t. dg[a h::x
has been generated using n-octanol. Thh B R
from 'dﬂ\'k scientific argument, the major lu\".lf_]'
cation u; continue its use in Pf‘-’f”rmumw?' ll
solubility parameter of octanol ﬁ': ]7”'—4 ’l”‘
midway in the range for the majority of drugs -
— between 8 and 12) although some “”nfr.“h'
0 < 7) and polar drugs (0 > 13) are cncounmur
This allows more easily measurable rc,xu_l[: than L
inert solvents (e.g. 'h_\-dmcarbonﬁ e I‘! I.
convenient to partition between equal youmIe
oil and aqueous phases. i

A typical technique is the shake ﬁ‘“ hases,
whereby the drug, dissolved in one of the ‘1'.’ f.;f
is shaken with the other partitioning ﬁnl‘c,m m;
30 minutes, allowed to stand for 3 mmu‘lb‘g&\
then the majority of the lower Jquc‘,‘TJh [;1
(density of octanol = 0.8258 gml ') 15 ™ The
and cc;nrifugcd for 60 minutes at 3[.}010 r‘pr:;-‘lg','.g.'
aqueous phase is assayed bcfort.‘_-}-_(' .m] e
(C., aqueous solubility) partitioning o
K% = (2C — C.)Cw). e il B

Clearly if the transfer of solute to the "-ul errof
is small, AC, is small and any 3931{‘UL [ndeed
increases error in the estimate of 1“; AC) 8
t0 encourage greater agueous loss i-goi. has
considerably more polar solvent, f"b_um is high
been used. Where the partition coe_tﬁﬂ“m,l ph-J-“
it is usual to reduce the ratio of the
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i from 1:1 to 1:4 or 1:9 in order to increase the solvent water content at  saturation
b aqueous concentration (C,) to a measurable level (log [H;0] mg/100 ml) and solvent lipophilicity.
R For a 1:9 oil:water ratio K¢ = (10 =C — C This relationship also indicates the lipophilicity of
ey biological membranes and the relative discrimi-
T The partition of a polar solute between an inert nation power (Rekker, 1977) of the partitioning
non-polar hydrocarbon e.g. hexane, heptane etc., solvents.
i quite different to hydrogen bonding solvents Certainly within a laboratory it is imperative to
— ke octanol (Hansch and Dunn, 1972). The standardize on methodology, especially the
> 4 003 behaviour ntj thg weak acid phenpl (pK, = 10)and solvent. Where solubility constraints allow. this
(135 '-x_‘cak base nicotine (pK, = 3.1) is worthy of note. should invariably be n-octanol especially since the
For phenol, Koctanol 29.5 whereas Khexane existing data bank is extensive (Hansch and Leo.
0.11. The acidic solvent, chloroform, suppresses  1979).
- | partition (K3, = 2.239) whereas although ethyl Structure-activity relationships Since the
Theoil: | etate and diethyl ether are more polar, the basic pioneering work of Mever (1899) and Overton
e relative | behaviour of the solvents give the highest K2. (1901) numerous studies on correlating molecular
ompound, |  With solvents capable of both hydrogen donation structure and biological activity have been
between | and acceptable (octanol, nitrobenzene and oleyl reported (Tute, 1971). These structure—activity
lipophilic deohol) K3, is intermediate. For nicotine, the relationships (SAR) can rationalize drug activity
have been behaviour is reversed and the hydrogen donor and. particularly in modern medicinal chemistry.
data base I acidic) solvent, chloroform, partitions most facilitate a scientific approach to the design of
s is, aside I Srongly (K3, = 77.625), even though the neutral more effective, elegant structural analogues.
or justifi- .‘”{"‘3”[- nitrobenzene, which is marginally more The application of SAR depends on a sound
tion. The ' “pophilic (log P = 1.87 against 1.96 for chloro- knowledge of the physicochemical properties of
10.24) lies Om) gives similar values for both phenol and each new drug candidate in a therapeutic class,
f drugs (0 l“M‘[ine. Clearly solute and solvent characteristics and therefore preformulation is a particularly
non-polar 4t important. useful information source.
-ountered l In general, polar solvents are advocated to It is assumed in SAR that (Collander, 1951):
|ts than 1o torrelate biological activity with physicochemical K =a x log K™ 4+ b (13.6)
nce it B Poperties (Hansch and Dunn. 1972). Solvents OF Ko T4 X M08 S i i
olumes 0! ‘*f‘ polar than octanol, measured by water This relationship holds for for all polar and semi-
‘ “vency, have been termed hyperdiscriminating polar solvents. However, correlations are poor
sk method % Rekker (1977) w

he phases
olvent 1of

X hile those more polar,
anols and pentanols,

5 concept refers to the

e.g.
as hypodiscriminating.
discriminating power of

with non-polar solvents (hexane, heptane, cyclo-
hexane, carbon tetachloride and iso-octane) and
again this seems to be related to water content.

nutes 3 JPartitioning solyen, within a homologous series. Given the obvious importance of water, it is
ous Pha\i ‘{ilh n-butanol, the values of log P tend to be too imperative that the octanol is saturated with the
is run ‘:f nse Wwhile with heptane and other inert hydro- aqueous phase and the aqueous phase .with octanol
rpm. T 008s, the differences in solute lipophilicities are prior to any determination; otherwise the par-
and .l“‘: | f#g_gerared_ n-Octanol generally gives a range titioning behaviour of the drug will be complicated
o g% :jﬂ&lSIent with other ph_vsicochémicai properties by the mutual partitioning Qf th_c two solvents.
TS ﬂen COmpared o drug absorption in the g.i. While the aqueous phase is often simply water,
 oil ph&; _.‘I;“‘. H-"perdiscriminating solvents reflect more it is better to measure log P under controlled pH
. :i[r;d va::h the transport across  the blood-brain  using aqueous buffers. All drugs capable of ioniz-
v Il.} " ] " u;r whﬂe h."ﬁ)discriminating solvents give ation and with a measurgblclpﬁa, whﬁ:her Wt‘_ﬂk
>:3(/~a'h3\ - “Onsistent with buccal absorption (Fig. 13.2). acids or bases will have intrinsic hut"fer capacity
i l'h—gh. e on the assertion by Leo et al. (1971) in affecting the aqueous PH-_ Depending on  the
nt 15 t: H q)ive“almng the effects of different pafti[ioning- degree of dissociation, this will Iegd to an apparent
oil pi¥ S, 2 good correlation exists between the K¢ rather than the true (absolute) value, when the
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| In vivo membrane 0
!1'
[ n-Butanol i
¢
l Buccal .
4 O 2-Butanone I
n-Pentanol "
I «—— Erythrocyte lipid '
(O Octanol T
0] :
Gastrointestinal tract | an
Ether O QO Oleyl alcohol o
2 | pr
. all
@
- l ez
£ .
-_':'- O Nitrobenzene .
: |
Q
z
|
? < l | 10X
| b
i =
| lhe
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O '
Benzene act
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Blood-brain | mo
H 5 H e s - e :
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~AlogP A |
1= AlogP
tane
l Heg T
' OCycIohexane -—~\
|
+ve 0 ! | i | |
t - B -15 -2 ~25 -3

SOLVENT LIPOPHILICITY

ﬁamg is unionized. Since the ionized
Ve greater 1
philicity to Ha: us;)ﬁo?{lughw 2nd lower lipo- (log K) in SAR, comparative data BE0FT.
\dpparent) will be inevitab] 'Cl'l the mcasuced K. a therapeutic class (R,.X, where X is [herlhf*" | 2
K. (true) should be n:e;su}irejjower- ;\Ccordingl}' peutic nucleus and » is a number of SUbgnlm; | B
i : at >2 & . a physioioE™"
s¢)) and the ac Bl & a T & PH of 7.4. the
© aqueous phase should contain 3 Quantitative SAR (QSAR) is pased o8 *

species will  suitable buffer. Given the importance O loig.
emhﬁ" W

. 4
{
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yrane

hrocyte lipid

rintestinal tract

Blood-brain
barrier

Heptane
O
7
i il

»ortance Of log P
data generatd
e X is the BE%
er of subslilu‘?’i.tt
at 2 physi()logidi

15 bascd on the

premise that drug absorption is a multi-
partitioning process (repeated adsorption and
desorption) across cellular membranes and
dependent on the lipophilicity of the drug, and the
rte of penetration is proportional to the drug
partition coefficient in wvitro. Clearly the ionic
condition in vive will affect any correlation and
acordingly for dissociating drugs, the in . vitro
conditions should be similar. The widespread use
of octanol in these studies (Hansch & Dunn, 1972)
and the existence of many excellent correlations
m 790 is probably not entirely fortuitous. Octanol
exhibits hydrogen bonding acceptor and donor
properties typical of many biological macromol-
ecules. Furthermore the partial polarity of octanol
:flfows the inclusion of water, which is also a
leature of biological lipid membranes. This leads
02 more complex partitioning behaviour than a
iess polar, essentially anhydrous solvent.
: The effect of salt formation on the measured
“’SP is shown in Table 13.9. Generally the log P
differs from between 3 and 4 (1.e. K, ranges from
1000 to 10 000), and the lipophilicity falls by three
o f{)_Ul" orders of magnitude which accounts for
the significant increase in solubility of the salt.
The physicochemical model for biological
vty assumes that activity of a compound is
tlated to these different factors associated with
Wolecular structyre:

2 electronic (charge)
%) steric (spatia] size)
¢ hydrophobic effects (partitioning).

szk E = 5
3.9 The effect of salt formation on the log P of

ome weakly basic drugs

?ws b

: _ %€ and hydrochloride salt log P A log P

lorpromazine

{ 5.35

,hkrrpmmazine HCl l‘:\i 3.84

in‘-‘!malme .)9 g

mazine HCl 4.4 3.58

T«;,] 0.91

i :J“Pf‘)ﬂ'lazjne '3 e

:.Ifuuprﬂmazine HC[ ? E‘; 4.28

;ﬂﬂunpfl'a.?in 2

?_: Al 4

“‘ﬂ”“F‘t’ﬂzine HCI ;gé 534

Divhenons. . 3

ntetythydram. 3.30 3.42

: mlh‘_v'dramj_ne HCI 'Ov 12 :

Prop -1l

" Tanolo|

-.“prannlnl HCI 3. 1?} 3.63

Pheny) —0.45

Py Pmt’d@nulamine 1.83 7 92
PTDF'annlammc HCl Lj‘(yc; 2.92
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Account must also be taken of structural and

theoretical aspects so that:

Biological Activity = f[(electronic) + (steric) +

(hydrophobic) +

(structural/theoretical)]
(13.7)

The electronic parameter above is quantified by
the sigma (o) substituent constant of Hammelt
(1940) and reflects chemical reactivity in a homo-
logous series. The substituent constant (o) is
positive for electron withdrawal (acids)., while
electron donor groups (bases) give a negative
value. It can be used to predict pK, (Perrin et al.,
1981).

Steric effects occur when there is a direct inter-
action between the substituent and the parent
nucleus and is also related to substituent bulk.
High positive values of the steric effect parameter,
E,, indicate significant steric effects with intra-
and intermolecular hindrance to a reaction or
binding at the active site.

The hydropholic component is measured by the
partition or distribution behaviour of a compound
between an aqueous phase and an immiscible lipid
phase and parallels drug adsorption and distri-
bution i zive. Hansch and Fujita (1964) demon-
strated a general relationship between the partition
coefficient within a series by quantifying differ-
ences using an additive substituent constant (7).
This constant is related almost completely to the
effect of particular substituent and much less to the
parent compound and this allows the prediction
of the partition coefficient, log P, of a new deriva-
tive with reasonable accuracy. Additionally 7 can
be related to biological effect since it is an additive
component of the partition coefficient and has
led to the wider application of SAR, which by
other modifications, notably taking into account
aromatic electron density and steric effects, to
give quantitative SAR (i.e. QSAR) (see Davis
and Higuchi, 1970 for application of QSAR
equations).

While all these substituents are useful, log P
remains the most useful physical parameter and
undoubtedly the most reliable data and corre-
lations still come from experimentally derived
partition values for the analogues of a series.
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Dissolution

I'he dissolution rate of a drug is only important
where it is the rate-limiting step in the absorption
process. Kaplan (1972) suggested that provided
that the solubility of a drug exceeded 10 mg ml-!
at pH 7 then no bioavailability or dissolution
related problems were to be expected. Below
I'mg ml ', such problems were quite possible and
salt formation (see Section 2, Salts) could improve

absorption and solubility by controlling the pH of

the microenvironment independently of the drug
and dosage forms position within the g.i. tract.
I'he equations controlling the rate of dissolution
of solids are described in Chapter 5 and the
biopharmaceutical consequences discussed in
Chapter 9. The Nernst (1904) modification to the
Noyes-Whitney (1897) equation can be applied
generally to the dissolution of solids (see Chapter

5

Intminsic dissolution rate

When dissolution is solely controlled by diffusion
transport control) the rate of diffusion is directly
proportional to the saturated concentration of the
drug in solution (ie. solubility). Under these

conditions the rate constant K, is defined by
Levich, 1962): :

Ky = 0.62 D23 yvs 12 (13.8)
where v is the kinematic viscosity and o is the
angular velocity of 3 rotating disc of drug. By
maintaiing the dissolution fluid viscosity and
rotational speed of the sample constant, the dissol-
ution rate (dm/dr) from a constant surface area (A)

w_lﬂ be constant and related solely to solubility,
Under sink conditions (Cs >>> ©) gives 7

Ay
de/dr = -l__ ]\E G 13.9

and the intrinsic dissolution rate (IDR) is given
by l o

IR = K. C. \mg cm’ min-!) (13 1)
This constant rate differs
rom conventional dosa
as total dissolution ( mg
surface area (4) js
deaggregation and

from the dissolution
ge forms, which is known
min '), where the exposed
uncontrolled as disintegration_
dissolution Proceed. Accord-
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ingly the IDR is independent of formulation
'ct'th'c-c{\ and measures the intrinsic properties of the
drug and salts as a function of dissolution mediz
effects, e.g. pH, ionic strength and counter ions

Measurement of intrinsic dissolution rate Al
the preformulation stage a compressed disc of
the material can be made by slow compression of
200 mg of drug in a 13 mm i.r. disc punch and
die \'c{km a high compaction pressure greater than
350 MPa (to ensure zero porosity) and a long
dwell time (to improve compaction).

The metal surfaces in contact should be
prelubricated with, for example, stearic acid using
a 5% wy/v solution in chloroform. The compressed
disc is fixed to the holder of the rotating basket
apparatus BP using a low melting paraffin wax and
successively dipped so that the top and sides of IF
disc are coated. The lower circular face should be
cleared of residual wax using a scalpel and care-
fully scraped to remove any stearic acid trans
ferred from the punch face. :

The coated disc is rotated at 100 rpm, 20 mm
from the bottom of a 1-litre flat bnm@cf
dissolution flask containing 1 litre of fluid 2
37 °C. The amount of drug release is then monr
tored, usually by u.v. spectrometry, with umr;
The slope of the line divided by the CW}\T
surface area gives the IDR, for example, 1
mg cm? min !

Each candidate should be measured
0.05 M HCI (gastric : pH 1) and phosphate bufl
pH 7 (intestinal), and distilled water espcﬂf“{;‘\-‘_—.
sink conditions are not possible for a “'L‘_‘Jk \”‘r\
at pH7 or a weak acid in 0.05 M HU' "
conditions maintain the bulk concentration -(- ~‘
a low level, otherwise the rate of dissdu_w_lﬂ,‘._
progressively reduced and the plol_le ‘“r}:“’f‘
tration against time becomes non-linear. C
recommended that C should not ex‘,:ced 0.1 “l,

By comparing the IDR of a salt in “’%“fr‘ e
that obtained in acid and alkali, or the Ifﬁ_"_ i
with its salts in the same medium, 2 mcasuf_w
the salt’s ability to control its immediate T
environment will emerge.

The equation derived from the H
Hasselbalch equation (see Chapter 3)

enderso?”

IDR = k' (C(1 + antilog (pK, — pH))
rug

% . ' f 4 d
shows that the rate of dissolution ©
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candidate is clearly a function of its intrinsic solu-
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ulation | Table 13.10 E!SE%FI]P[Ch of wuukl,\‘. basic drugs which have
ol bility (C,), its dissociation constant pK,) and decreased solubility in acidic (HCI \“],mi“,m___,,,,, sl
' mediz cither the pH of the bulk dissolution medium or  Chlortetracycline :
T joos microenvironment created by the dissolving salt. 1\)““&"?;"‘1“\_‘31:22‘”‘"m."“”L‘
ate At Using the measured rate of the free base at known Devasch s
fisc of bulk pH, expected rates in other media, using the Papaverine
sion of aperimental salts, can be calculated and compared I{f:}{‘\j{;g;‘:“‘d‘]
ch and with experimental values. Phenazopyridine
or than The importance of improvements in the IDR, Cyproheptadine
a long due to microenvironmental pH control, lies in the lf:‘u";nhl:ir{‘;
likely improvement in in vive performance of a —movoc
id b slt over the parent drug. Where no increase is
1 using lound, there is likely to be no advantage in using A common ion effect with Cl- will result in
prexicé | that particular salt. Improvements are obviously a significantly reduced IDR in the presence of
basket more likely if the salt former is strong. For a weak sodium chloride. Other salt forms are then indi-
jax and base, the hydrochloride (pK, = — 6.10) offers the cated, e.g. sulphate, tosylate, mesylate etc., but
5 of the best advantage, but this may prove, in some the parent molecule may well still remain sensitive
uldbe | Itances, disappointing. Thus measurement of to CI- and solubilities will be suppressed in the
d care- IDR can be useful diagnostically. presence of saline although not to the same extent
trans- | since ClI- is not involved in the dissolving
{  Common jon effect microenvironment. Any improvement with the
20 mm beommon interact: o G g PO R, new salt can be assc:\*wd by ag‘am ij;‘mlrmg the
ttomed i "-tl;l()('rkcd m.t,rm.}tllon jM[ TRy ‘tlf‘]\b 0’13;”: IDR with and wx}hnut saline. Since some
uid at Wi of e L_Umm(;”? lo_n ‘1“;1 : “  compounds are sensitive to other counter ions,
moni- ! bty of a‘lw;]ln_w? i O““}‘hdu"":'\ [Lt SO ¢ g. nitrate, sulphate and phosphate, Fh:s can be
: zimf: .‘-chevj[Ed 1;;% .[ }T SP,IU.tle .elcum!\ [L_ l‘m.g * demonstrated by including [%m app{"upmrc sodium
xposed | the remo i his “salting out’ results from salt in the dissolution medium. Th_c p_hasc solu-
le, | o emoval of water molecules as solvent due to bility studies of Dittert et al. (1964) indicated that
-‘ IL cmpeting  hydration of other ions. The basi& amine drugs were more soluble in organic
ed in | . Process, ‘salting in’, arises with larger s than inorganic. Where a hydrochloride salt
bl | imns. €.g. benzoate, salicylate, which open the REEEE SUbUP[{mﬂl solubility then the next logical
jally i | “J;fl:ilgnfucture. These hydrotropes increase the choice is probably a salt of toluene sulphonic acid
k h;u f di&zép;; of poorly water-soluble compounds, e.g. (tosylate: pK. — 1.34). V:\lc:’,\'latt’- .naps_\'lutc.‘
. Sk | e 3 + . besylate and maleate ‘S:d][S oftcr pmgrcssnxj_l:\' man'
O | | )_{Ud_llunde salts often exhibit suboptimal weaker acidic alternatives (Table 13.4). With low
ton i | L',uiil:l? ;: gastric iuic_c due to thg abundance of solubility amine drugs {h_e b oF Pﬂrl,\'h,\'drx“x,‘f
oncen- mﬂﬁuti;:;l‘]' number of cxampl;s 't‘mm the Phgr- acids, e.g. lactate, “‘F*” give ic greatest :JqUu_)us
!f 5 Tdic hyg lre‘ratu{-e o Sho.wn in Table 13.10 for solubility due to their accessible h_\‘dr(:.\'_\ group-
G kg rochloride solunoqs. Other counter ings (Senior, 1973; Agharkar et al., 1976).
r Wil :[“:'iﬂSphate‘r than Cl-, such as nitrate, sulphate and
e bast Toi tu‘ha\'c also been implicated. .
ure O | " E“Fify' 4 common ion interaction, the IDR 3 MELTING POINT
micr* | ﬂt\m&en.?dr(}t'hlonde salt should be compared
L : The melting point of a drug can be measured
o ] i ;aE)E; i;ld Water containing 1.2% w/v NHC[«_ using three techniques:
| 005 b I?Cl and  0.9% w/v NaCl in .\ ooy melting
13.1 Both it (b) hot stage microscop_." : L
drug "'";caisalme media contain 0.2 M Cl-, which is (c) differential scanning calorimetry therma

Iy enc . R e
Y €ncountered in fluids in vivo.

analysis.
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Capllary melnng

Capillary melting (the observation of melting in a
capillary tube in contact with a heated metal
block) gives information about the melting range
but it is difficult to assign an accurate melting
point.

Hot stage microscopy

This is the visual observation of melting under a
microscope equipped with a heated and lagged
sample stage. The heating rate is controllable and
up to three transitions can be registered. It is more
precise since the phase transitions (first melt, 50%
melt and completion) can be registered on a
recorder as the melting proceeds and, by virtue of
high magnification, the values are more accurate.

Differential scanning calorimetry and differential
thermal analysis

Neither of the previous methods is as versatile
as either differential thermal analysis (DTA) or
differential scanning calorimetry (DSC). An

At t achnent 3a: Copy of Document 3 fromthe Rutgers University Library

additional advantage is that the sample siz
required is only 2-5 mg.
DTA measures the temperature difference

between the sample and a reference as a function
of temperature or time when heating at a constant
rate. DSC i1s similar to DTA except that the
instrument measures the amount of energ
required to keep the sample at the same tempers-
ture as the reference, i.e. it measures the enthalpy
of transition.

When no physical or chemical change is occur-
ring within the sample then there is neither
temperature change nor the need to input energy
to maintain an isotherm. However, when phase
changes occur then latent heat suppresses the
temperature increase (or fall) and the change in
temperature or isothermal energy required regs
ters on a recorder as a result of an electrical signl
generated by thermocouples. Cr_vstallin; tra-
sitions, fusion, evaporation and sublimation ar
obvious changes in state which can be quantficd
\.Fig. 13.3). "

The major concern in pr:rformulation_ 15 P"[F_‘
morphism and the measurement of melting poilt
and other phase changes are the primary dis:

+ve
—
:q Area = Heat of Faen
—‘g .o fusion
= \
) g ¥ Endothermic Glass AH;
1 ? : transition
33 I Starting \
< | transient :
g ® 5 l \ \ =i
3 i \, S8R Segd )/TranS*f’”t
Sa \
5 Op E
= | isothermal 5
; F i Isothermal
£ |
3 i
“ Crystallization '
~ve b— Exothermic |
]

Fig. 13.3 Schemaric differentia] scanning calorimeter thermo
gram

k.l (K
Melting Tempfgrat'ufﬁ' -
point and (and time
range
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sostic tool. Confirmation by ion spectroscopy and
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amide has four polymorphs and three solvates.

ample siz i , e : :
. X-ray diffraction are common. The importance of polymorphism is illustrated by
difference the biopharmaceutical data for fluprednisolone
. i g (Fig. 13.4).
a2 function Polymorphism g : : 1
t 2 constant ; It is convention to number the polymorphs in
< [hatl [hui A polymorph is a solid material with at least two order of stability at room temperature starting
of i different molecular arrangements each of which with Form I using Roman numerals. Form 1
5 tempcril- gives a distinct crystal species. These differences usually has the highest melting point and lowest
he enthalpy disappear in the liquid or vapour state. Of concern solubility; in suspension formulation it is essential
' ue their relative stabilities and solubility. The to use the least soluble polymorph because of
e i o lowest melting species is generally stable and other Ostwald ripening (Pearson & Varney, 1969).
‘,nei[hcr . polymorphs are metastable and convert to the Accordingly, in preformulation, the following
> . e . . . A
put energy sable form. There are also large differences in should be investigated.
h hase | heir physical properties so that they behave as . ey
vhen phas | . - : ok i e : (a) How many polymorphs exist?
il dstinct chemical entities. Solubility (particularly : i
Dresses B ; ; - (b) How stable are the metastable forms?
o i important mn suspensions and biopharmaceuti- i
- change 1 S Sclting . boint. - densiry i ek (c) Is there an amorphous glass?
tired regis e e[ecptri o efﬁes i - 5:: . (d) Can the metastable forms be stabilized?
: S 0 CLrIC Je i i i . i -
rrical signal 5% £ P A P (e) What is the solubility of each form?
line ran- | PeSSUre are often very different for each 'O/ . b : 3
lline polymorph = (f) Will a more soluble form survive processing
: » | POl g “
mation are | Poly e : and storage?
. quantifie olymorphism is remarkably common, particu-
| lrly within certain structural groups: 63% of Pkt
Bark: G : : seu ' S
on is poly- l ““bﬂurate’s, 67% of steroids and 40% of sulphon- o«
|ting poinl | imides exhibit polymorphism (Kuhnert- Before this study begins, the presence of false
mary diag- brandstatter, 1965). polymorphs, or pseudopolymorphs, should be
3 The steroid, progesterone, has as many as five identified since most polymorphs can be obtained
| Mlymorphs, while the sulphonamide sulphabenz- by changing the recrystallizing solvent. Typical
0.24
| 02
| %
| 2
£ 020
r
i | Somg
I 01
!
|
e 0. 0.9
i | 4 e e iy 0.8
e) F In vitro dissolution (mgem™*h™ ")
%134

g Tl : : : : : a of Halebli:
% Biles, lggrr!dmonsmp between in vitro and in vivo release from fluprednisolone implants. (From the data of Haleblian
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solvents inducing polymorphic change are: water,
methanol, ethanol, acetone and chloroform, n-
prup;_]m!i. lxllprnp‘;l alcohol, n-butanol, I!-pcl'l[ﬂ[lﬂl.
toluene and benzene. The presence of trace levels
of solvent (either water or organic) is usual in early
batches of new drug candidates, as residues from
the precipitation process used in the final crystal-
lization. These can become molecular additions to
the crystal and change its habit. These hydrates
water) and solvates (e.g. methanolate, ethanolate)
have been confused with true polymorphism and
led to the term pseudopolymorphism. The distinc-
tion between these false forms and true poly-
morphs can be obtained by observing the melting
behaviour of the compound dispersed in silicone
oil using hot stage microscopy. Pseudopolymorphs
will evolve a gas (steam or solvent vapour) causing
bubbling of the oil. True polymorphs merely
melt, forming a second globular phase. The
temperature at which the solvent volatilizes will
be close to the boiling point of the solvent and can
be used for identification.

True polymorphism

After the study of pseudomorphism, the evalu-
ation ol true polymorphism can proceed uncon-
founded. Many polymorphs are obtained by
solvent manipulation. Others can be produccd
without the presence of solvent by thermal tech-
niques, notably sublimation and recrystallization
from the melt. Supercooling
larly useful in discovering unstable modifications.
The initial difficulty is to measure the melting
pomnt of the metastable form. and here heatiné
rate, either by DSC or hot stage, is critical. Too
rapid heating will obscure the endotherm, while
oo slow a heating rate may allow transition or
€ncourage decomposition. Often therefore com-
parison at two rates, e.g. 2 and 20 °C min
necessary.
The difference i 1 1
between pulymorphsn‘:s I:e:r[:e[ﬁurmuz'[ )
stable polymorph stability \Yh\ Pt e
: ; orph stability. ere Am.p. < | °C
::L? n;:hﬁ 1S significantly more stable and either
: o =G then . the  low
melting species will be difficult to crystall; e
will revert ra idly. The Lr}b?dlhle ad
prdly ¢ closer the two m

of the melt is particu-

1S

elting
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points (Am.p. between 1 and 25 °C), then the
unstable forms(s) can be obtained easily before 3
solid—solid transformation occurs. This can be
suppressed by using small samples since indi-
vidual crystals of even highly unstable forms can
be melted.

If it appears that polymorphism is occurring, or
is likely to occur, in the samples supplied for
preformulation work then a cooperative study
with the bulk chemists should determine the most
stable form (chemically and physically). Differ
ences in solubility and melting point must also be
assessed and then a decision can be made to deter-
mine which form to progress through to the nex
stage of formulation. Small differences in stability
but higher solubility of a relatively metastabie
form may lead to a preferential choice of a poly
morph other than Form I.

Crystal purity

Thermal analysis has been widely used as 2
method of purity determination (Grady et
1973) and the USP includes an appendi
describing the method. This is particularly i‘C"‘i
nent at the preformulation stage since ¢
samples of a new drug are inevitably ‘dirty “'hj“‘
improvements in synthetic route arc.rm\f
Thermal analysis is rapid and will discrminat
0.002 mole % of impurity.

Solubility

Possibly the most important reason [h‘dl mem‘_
point studies are performed during PTCT‘]erl‘?[f;
is that it reflects crystalline solubility. Such '\{L,ui'.
are particularly important at this stage bccal_l% }
scarcity of available powder often precludes 3
rate solubility determinations. *

It has been found that melting point "H?dr“;].;
bility are related via the latent heat of [S%
which is the amount of heat generated &
melting or fusion. It is the amount of ;n]
required to increase interatomic or intermo LL;“
distances to facilitate an increase in dlsord\tl[e.r;
overcome crystal lattice energy and "lﬂow.mL w:
A crystal with weak bonds has a low mel[mg-s\u
and low heat of fusion. Conversely B strong ¢t
lattice leads to a high melting point

Sry
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then the | heat of fusion. Since solubility also requires the discussed in Chapter 9 and the reader is referred
' before 2 disruption of crystal structure to allow molecular to this for further information.
s can be | dispersion in the solvent, it is also influenced by
nce indi mtermolecular forces.
forms can Polymorphs differ in melting point and solu- 4 ASSAY DEVELOPMENT

bility. The existence of different crystal arrange-
UrTing, or ments for the same compound inevitably leads to In Section 1 of this chapter a simple u.v. assay was
plied for differences 1n crystal lattice energy since inter- described which enabled the quantitative deter-
ve study molecular distances will be different in the alterna- mination of drug in solution and could be used to
- the most tve forms. This effect is shown for riboflavine in generate the solubility data described in Section
). Differ Fig. 13.5. 2. However, the assumption that the drug is stable
st also be The differences outlined above have led to enough to survive these manipulations may not
 to deter- differences in vivo in the blood level curves of always be valid since drugs are notoriously
) the next some polymorphs. Some examples of this and the unstable, particularly as hydrolysis is often the
1 stabilty resulting biopharmaceutical consequences are predominant cause (see Section 5). In order to

netastable
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follow drug stability, both in solution and in sp!id
phase, it is necessary to have suitable stability
indicating assays. In some cases u.v. spectroscopy
can be used, but in general chromatography is
required to separate the drug from its degradation
products and interfering excipients. Thin layer
chromatography (t.l.c.) is widely used in a semi-
quantitative mode to estimate impurity levels, to
establish the number of impurities and for
collecting samples from the plate for subsequent
injection into the column of h.p.lc. (high
performance (pressure) liquid chromatography)
equipment. H.p.l.c. is now acknowledged as the
most versatile and powerful technique in phar-
maceutical analysis; it is the method of choice in
preformulation stability assessment (Section 5).

U.v. spectroscopy

The principles of u.v. SpPectroscopy were enum-
erated in Section 1 and at that stage of prefor-
mulation will have served to quantify many of the
subsequent physical constants and solubilities in
Section 2. However, in general, u.v. analysis is
not a potent and widely applicable method when
stability is a concern or where other compounds
drugs or excipients) in the analytical sample
absorb u.v. light. Consequently t.1.c. and particu-
larly h.p.l.c. have largely superseded u.v. spec-
troscopy as a basic analytical tool in stability
assessment, although of course u.v. detection is
still a feature in both t.].c. and h.p.l.c., once the

components have been separated (resolved).

None
the less some

compounds decompose to vyield
products which do not interfere, i.e. their chro-
mophores or spectra do not overlap, and then u.v.
analysis is perfectly acceptable and recourse to
chromatography quite unnecessary.

waithstanding these reservations, Certain u.v,
techniques are worthy of discussion:

solubility (section 2)
) molecular weight
PK,

assay (potency: Section 1)
(¢} mixtures

(1) rem!ving compound products
() stability: hydrolysis,
products),

CEICAC

oxidation (coloured
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First it is important to recognize the attributes of
an acceptable assay and the dependence on
adequate instrumentation, cells and solvents. This
is dealt with in detail in analytical texts and will
not be repeated here.

Molecular weight

To a first approximation, the molar extinction
coefficient (¢) of a chromophore (absorbing
molecular group) is unaffected by distant subst-
tuent groups in the molecule, especially if they do
not absorb in the vicinity of the main chrome-
phore. If, therefore, ¢ of a chromophore is known
from another related compound in the series, ;hf
molecular weight (mol. wt) of the new deri\'ﬂt‘m’
can be calculated from the absorbance of 2
solution of known concentration (Cunningham ¢
al., 1951) since mol. wt = 10 ¢/E.

PK,

The determination of pK, by spectroscopy 5
indicated when solubility is too low, or when [_ht’
pK, is particularly low (<2) or high (>11) Ior
determination by potentiometry. The mcthof
depends upon determining the ratio of mo]ec_l}ii-
species (neutral molecule at pH < pK, — 2_13".1‘1_'
PH > pK, + 2 (base)) to the jonized species '”hf
series of seven buffers (pH = +1 + pKJ T,h"
analytical wavelength (o) is chosen where .-nt
greatest difference in absorbance exists bet“_fifj
the molecular species and the pure ionized MmO

at two pH units from the pK..

Mixtures

generally requires
pefore u.%:
However:

The lack of specificity of u.v.
the separation of mixtures by h.p.l.c.
detection of the individual components. H¢ off
in some cases the breakdown products ha?t \riun
ciently different chromophores and s ok
spectra to enable differentiation of the mm: th:car
from the minor components even thou.g c
individual spectra significantly overlap, 5Hépﬁr.aic
absorption of a mixture is the sum of the S
absorptions of the components.

e the
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ﬁ:_-?qlcl?(?,: Thin layer chromatography (t.l.c.) (stationary pha§e) with solvent (mobile phase)
eats. Tis | All chromatographic proced_ures emanate from the PU0P¢ d by capillary ﬂl_”‘ and much of the theory
o work of the Russian botanist Tswertt (1906) who (see Snyder, 1968; Bristow, 1976) is the same
3 ank wl separated plant pigments by pipetting solutio Consequently t.l.c. and h.p.lc. are c oy
Y pipetting solutions on i nd h.p.Lc. are complimen-
o the top of glass tubes packed with alumina, 2% T.lc. will quantify the number of compo-
slica, chalk and sucrose and eluting them with nents (since they can be seen) and estimate their
various solvents. This interest in colours led to the CS°P¢entration by reference to standards run
term chromatography. The term has been retained S°P¢UrTently, when h.p.lc. can quantify their
extinction ad 1s now applied to all chemical quantitative level, confident that all have been separated. The
(absorbing separations. Tswett’s work led to the development de.ve]oping solvent for t.Lc. (particularly h.p.t.Lc.
ant substi- of column chromatography and then, under (high performance t.l.c.) and reverse phase) is also
if they do pressure by pumping the eluant, to h.p.l.c. Other 2 useful guide to identify the mobile phase for
n chromo- workers used paper as a support, and before the h.p.Lc.
. i knowm advent of h.p.l.c., paper chromatography was For _further details of tlc. and h.p.l.c. the
series, the more important due to its simplicity and -speed. reader is referred to analytical texts.
derivﬂ:_n’f ]Tldt Eu;)_sil from a need to satisfactorily separate
ince of 2 ipias which paper techniques c % b :
el R ri) T (tlh;:[s :l;):l?ecl;lc;fi ::21&2:; High performance liquid chromatography
also considerably more flexible. Paper chrom s (h.p.l.c.)
i r;phy is limited by the cellulose support whereas High performance (pressure) liquid chromatog-
r the thin layer of material on a glass plate can be Taphy is essentially column chromatography
é'jf;fpared fmm. a slurry of a wide variety of performeq by elution under pressure. By pumping
oncopy [ &Iu I:lrirent chemical types, e.g. silica gel, celite, the eluting solvent (mobile phase) under a
g il x_he raphv?a, csllulose ‘(analogous_[o paper chromatog- Pressure of up to 40 MPa (about 6000 p.s.i.) and
(>11) for Inore" an cher_mcally modified celluloses; and 2 flow rate of up to 3 ml min-!, the column can
= method " recently with the advent of reversed phase be much smaller and use much smaller particle
ok | ;irﬁmatog'r%ph_v, C;, Cg and C,4 silanized and Size packing material (stationary phase). This
- 2 (acd), | pn::-"] silica. results in shorter retention times (solute time in
secies ind | Sahj (gﬁs)df:rn basis of t. lc. was established by column), high sensitivity (ryplcalgy 1 ng), the need
K,). The I o 6) and separations were found to pe for only a small sample volume (0-50 ul) and yet
where the £ erably shorter than on paper, spots were high selectivity (separation power) for the resol-
s between | S SCOmpac(, resolution was better, submicro- ution of complex mixtures is pogsible.
ed moiety | I;ecemal'ﬂples Cou]d_ be separated and recovered if 'H'-p.l.C. methods can be divided into two
% 5paruia\ry ](— by scraping away the spot using a fine distinct modes as follows.
Rjecte (i'(mh[esﬁ are now usually re-extracted and
Ee . o h.p.l.c. :
mgi(i:y;ﬁ:ﬁ generally regarded as a reliable and Ao e st
y require of COmpley nlli‘;[:"e te;hmqug for the separation Ngrmal phase h.p.l.c. is 'pertjormed by .e-[uting‘ a
efore U.V- Wpica] analysis ures in stability samples. In a silica-packed colmn, which is hydro_ph:hc, wu_h
Howeveh B frou{ th’e Extracted samples are spotted a non-polar mobile ;_}has?. The mobile phase is
have sufl” ; 00 X 200 ottom of a square glass plate, usually hegane to “_r’hxch is added one or more of
absorptio® | i 250 i hr.nrn‘- coated Wl[h. a dry slurry of the following (in increasing order of polarity),
B E“‘—L i _‘Oﬂiaininga 10[ ick) and placec! in a closed tank, chloroform (CHCI;)_, tetrahydrofuran : (THF),
ugh ther | P Produceq mm layer of eluting solvent, which acetonitrile (ACN), 1sopr0pyl a_lcohol. (IPA) or
since ¢ | 8 developeg ?«Satured vapour phase. The sample methanol (MeOH)). Separation is achieved by a
e separit i BN of the \S¢parated) by the capillary move- process of partition with differential adsorption
j 2 and desorption of both the solute and solvents

Wil 1 oy g P the plate and is therefore
P-l.c. except it is a thin flat column

during passage down the column. Polar solutes are
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retained whereas more lipophilic molecules are
not. By increasing the polarity of the mobile phase
c.g. By adding MeOH or IPA), polar solutes are
eluted more quickly while non-polar solutes are
better retained; their order of retention may also
change. Decreasing solvent polarity increases
polar solute retention and facilitates the elution of
lipophilic molecules.

In general, normal phase h.p.l.c. is used for
moderately polar solutes, for example, those freely
soluble in methanol. Non-polar hydrocarbon-
soluble solutes are difficult to retain and very
polar, water-soluble solutes are difficult to elute
sufficiently.

Reverse phase h.p.l.c.

When the solute is eluted by a polar (largely
aqueous) mobile phase over a hydrophobic
stationary phase, the chromatography is known as
reverse phase. Solute behaviour is the reverse of
that described for normal phase h.p.l.c. and uses
a hydrophilic silica stationary phase. Separation
between the stationary phase and mobile phase is
solvophobic, analogous to partition behaviour (see
section 2 of this chapter).

Hydrophobicity of the stationary phase is
achieved by bonding a coating on to the silica
support. The most common bonded phases are
alkyl silanes of C,q (octadecylsilane, ODS), Cq
(octylsilane, OS) and C, (trimethylsilane). The
predominantly aqueous mobile phase usually
contains methanol, ACN and/or THF to modif-y
solvent polarity by matching the lipophilicity
of the solutes in order to facilitate good
chromatography.

Ionization control can be achieved by using pH
buffers (phosphate and acetate) in the range pH
2—8'. The inclusion of 1-2% acetic acid or diethy-
larpme is used to suppress the ionization of weak
acids and bases respectively. This is known as ion-
suppressio_n chromatrography. This technique is
qsed 1o increase lipophilicity and Improve reten-
tion of polar solutes.

; In general polar solutes have short retention
umes on reverse phase h.
compounds are retained,
phase polarity (by increas

p-l.c. while non-polar
Increasing the mobile
ing the water concen-
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tration) shortens retention for polar solutes while
retaining less polar compounds. Decreasing
solvent polarity (by decreasing water concen-
tration) helps retain polar compounds while more
lipophilic solutes are eluted more rapidly.

Non-aqueous reverse phase (NARP) h.p.lc,
where THF or methylene chloride replaces water
in the mobile phase, is used to separate lipophilic
solutes.

The great flexibility of choice in mobile phase
(by using solvents ranging from water to he:ianc.
the increasing number of available stationary
phases (particularly bonded phases) and the
inherent sensitivity of h.p.l.c. produces a power
ful analytical technique. Accordingly it is ‘Lbe
method of choice in preformulation stabilify
studies. :

Further details may be found in the literature
of h.p.l.c. equipment manufacturers, in the books
of Bristow (1976), Pryde and Gilbert (1979) and
Hamilton and Sewell (1977) and in standard
analytical chemistry texts.

5 DRUG AND PRODUCT STABILITY

Wherever possible, commercial phmnaceul%ll
products should have a shelf life of 5 years. c
potency should not fall below 90% at the recolill:i
mended storage conditions and the product Shoﬁﬁ.
still look and perform as it did when %
manufactured.

By investigating the intrinsic stab G
drug, it is possible to advise on formu a'ent-
approaches and indicate types of .exclp’lhkh
specific protective additives and packaging ¥ &
are likely to improve the integrity of the d:u\fﬂ i
product. Typical stress conditions are sho
Table 13.11. :

Drug degradation occurs by four mai P

ility of the

rocesse:

(a) hydrolysis
(b) oxidation
(c) photolysis
(d) trace metal catalysis.

o
E iz ost comm*
Hydrolysis and oxidation are the m metal 005

pathways and in general light (c) and
catalyse a subsequent oxidative process:
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hile |  Table 13.11 Stress conditions used in preformulation mathematical relationships relating decomposition
sing sability assessment to time are described in Chapter 7.
- | T Conditions It is often more convenient to express reaction
nore Soid rates in terms of time. The most common is the
Heat (°C) 4, 20, 30, 37, 37/75% RH, 50 and 75 half-life, the time at which the concentration has
Le., ;lh?:::;rle;rr;zke ;2,1143{“ iﬁig,g'f'S and 90% RH at RT"-? halved (1 or t50). The shelf life of a product can
ater ; [ be likewise expressed as to (i.¢. the time for a 10%
hilic Aqueous solution LHit ; loss).
pH 1,3,5,7,9 and 11 at RT and 37 °C.

Reflux in 1 m HCl and 1 m NaOH In the absence of a definitive value for the
hase Light® U.v. (254 and 366 nm) and visible activation energy (E,), which may normally be
ne), R (i facing; windsw) st RE obtained from the slope of the Arrhenius plot, it

: tion Sparging with oxygen at RT; u.v. may " ?
o accelerate breakdown is prudent to assume a low value (e.g. 10 kcal
'[hf VRT is ambient room temperature. Can vary between 15 mol-1), since [hlS will lead to _highc?r reaction rates
- and 25 °C. and any prediction of shelf life will be conserva-
me :i}:"_gﬂ‘ii 501‘;1_“0?5 of MgBr,, KNO,, NaBr, NaCl and tive. Values for a wide range of reactions are
- ) At p}i of ﬁcaxxu‘;n stability in simple aqueous solution. 10-100 kcal mol!, _bm are usually in the range
15-60 kcal mol-! with a mean of 19.8 (Kennon,
ture 1964).
ooks Temperature Most breakdowns are first order in nature but
;ﬁj ‘ Thfr{ﬂal effects are superimposed on all four some LT, order, e.g. aspirin in aqueous
‘ chemical processes. Clearly a greater available free Suspension, whilst a few are second order, e.g.
| tnergy leads to a more rapid reaction and typically chlorbutol hydrolysis.
| 210°C increase in temperature produces a 2-5-
fold increase in decay. Hydrolysis
l { Often the increase in reaf:tion rate V."i[h The most likely cause of drug instability is hydro-
tical ~€1_nperature follows an Arrhenius-type relation- lysis. Obviously water plays a dominant role but
The | ;Ellfdéizehiciapl):jer 7)- As long as the Arrhenius in many cases it is implicated passiv.ely, particu-
om | reacu'op 0lds and a plot 9f the log of the rate larly in solid dosage forms. Herc? it acts as a
ould m o Nemns; th‘? reciprocal of a_bsolutc solvent vector between two reacting species in
' miract;lu ¢ Yields a straight line, the reaction fat€  solution. The solution is often saturated so that
| allows o culated at any temperature. In turn this  grydies in dilute solution can be completely
* | by ez:edm?op o shelf life at room tempera-  misleading (see Solid-state stability, below).
0% | basis of ma;a po‘ation. This assumption forms the Hydrolytic reactions involve nucleophilic attack
ety | g 1y accelerated stability tests. However, of labile bonds, e.g. lactam > ester > amide >
hich Mechanism or pathway of the chemical break- imide, by water on the drug in solution and are
and bev:,] d? ften changes with temperature. This may frer order. When this attack is by a solvent other
g in 1 " AHCEZCQ by a discontinuity of ‘k.nee joint’ 10 than water it is knov‘vr-l as solvolysis.
, detecteq aﬁl;s plot but qfteq this is not easily A number of conditions catalyse the breakdown:
S5 gl this would inevitably lead to erro- Bt
i e(t;_smns, based on elevated temperature E;) presence of HiO*
£ e rel;' ¢t shelf lives at room temperature or (P) P o i, i 3 e
| Tigeration. (c) presence of divalen ion .
i (d) ionic hydrolysis (protolysis) is quicker than
; Order of reaction - 1;l'le(:li::cular
mof ; e
o | :’ﬂe m:leofc‘)mse of degradation depends on the (f) light. : g =
. feactants whose concentration influ- (g) solution polarity and ionic streng

\lcts ;
the rate ang the orders of reaction and the

(h) high drug concentrations.
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The influence of pH

The degradation of most drugs is catalysed by
extremes of pH, i.e. high [H;0*] and [OH"], and
many drugs are most stable between pH 4 and 8.
th‘rc maximum stability dictates wider values,
it is important for injections that the buffer has
a low capacity to prevent unnecessary challenge to
the homoeostatic pH 7.4 of blood. :

Weakly acidic and basic drugs are most soluble
when ionized and it is then that instability is most
likely since the species are charged. This leads to
a potential problem since many potent drugs are
extremely poorly soluble and pH ionization is the
most obvious method to obtain a solution. In some
cases, therefore, the inclusion of a water-miscible
solvent in the formulation will increase stability by
(a) suppressing ionization, (b) reducing the
extreme of pH required to achieve solubility,
(c) contributing itself to solubility, e.g. 20% pro-
pylene glycol in chlordiazepoxide injection and
(d) reducing the water activity by reducing the
polarity of the solvent.

Reactions in aqueous solution are usually cata-
lysed by pH and this is monitored by measuring
degradation rates (usually pseudo first order)
against pH, keeping temperature, ionic strength
and solvent concentration constant. Suitable
buffers include acetate, citrate, lactate, phosphate

and ascorbate (the latter having intrinsic antioxi-
dant activity).

Solvolysis

Where the reacting solvent is pot water, then
breakdown is termed solvolysis. Furthermore the
_deﬁnition can be extended to include any change
in solvent polarity (usually measured as dielectric
constant) as a result of increased ionic
which is equivalent to an increased solvent
poiarm_v. For example, phenobarbitone is
considerably more stable in preparations containing
Wwater-miscible solvents whereas aspirin, which
Emdergoes extensive hydrolysis, is degraded
hmher by aqueous solvents. Both effects are
directly related 1o the dielectric constant (polarity)
of the solvent. [n general, if a compound produc;:s

strength,

At t achnent 3a: Copy of Document 3 fromthe Rutgers University Library

ucts are less polar, then the vehicle should be
more polar to improve stability. With the hydro-
lysis of neutral non-polar drugs, e.g. steroids, the
transition state will be non-polar and with no net
charge. In this case solvents will not affect the rate
of decomposition and can be used with impunity
to increase solubility.

Finally, although solvolytic breakdown may be
significant, the advantages of cosolvent solubility,
as in the case of chloramphenicol, may be more
attractive provided the intrinsic stability is good.

Oxidation

Whereas in hydrolysis, water (or solvent), pH and
temperature are the major factors involved,
oxidation is largely controlled by the environment:
light, trace metals, oxygen and oxidizing agents.
Reduction is a complimentary reaction (Red-Ox
and there is a mutual exchange of electrons.
Oxidation is a loss of electrons and an oxldlzm__z
agent must be able to take electrons. In organk
chemistry, oxidation is synonymous with th}'drt‘-
genation (the loss of hydrogen) and this is th¢
mode of action of polyhydroxyphenol anuuxf-
dants, e.g. hydroquinone. Most antioxidants fup:»-
tion by providing electrons or labile H, “{}“‘?
will be accepted by any free radical to ter_rnlﬂ?ff
the chain reaction. A prerequisite for effective
antioxidant activity in any particular Prﬁp"f'a.[,mj
is that the antioxidant is more readily oxidiZ
than the drug.

Chelating agents

Chelating agents are complexes, which l}mi,ﬂ“
simple ligands, e.g. ferrocyanide gl_:exC.\ ;(md
which form complex salts by a e ble of
provided by a lone electron pair, are capf le,
forming more than one bond. For e!ul_mli".
ethylene diamine is bidentate (IWO ll[:nm
tripyridyl is tridentate (3) and ethylene fi”‘hh_h
tetraacetic acid (EDTA) is hexadentate ‘6Ih‘-*rmi'
means this is particularly effective as 3 P "
ceutical chelating agent.

Photolysis '
Sig <is. is ofted
Oxidation, and to some extent hydrolysiS:

iared with 1€
catalysed by light. The energy associated Wi
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uld be
hydro- radiation increases as its wavelength decreases, so that this area is unimportant, especially given the
ds, the | that the energy of u.v. > visible > i.r., and is popularity of tablets and capsules.
no net independent of temperature (see Table 13.12). In all solid dosage formulations there will be
he rate i some free moisture (contributed by various addi-
Table 13.12 Relationship between wavelength and associated . Eatis 3=
punity B W vivions: foems of light uves or excipients, as well as the drug) and,
o : - certainly in tablets, a significant percentage,
nay be (e s Wovelength (nmi) ~ Evergy (heal mol-1) typically 25% w/w, is required to facilitate good
1bility, h\lhk 433j93 2%3:;2 compression. This free water has the ability to act
> more e 750-10 000 3611 as a vector for chemical reactions between drugs
good. and excipients as saturated solutions.
When molecules are exposed to electromagnetic Becguse of the 'dlfferenct.fs Obser“".d e
rdiation they absorb light (photons) at character- bf?havl'ouF of drugs in the solid state or in contact
H and stic wavelengths which causes an increase in the E;{;h lumgcld arnc;t: nts‘of Wa[i;’ bu;']h ; a adsloﬂrt?cd
e BN of the compotnd. This cnefpy can: T e SHIE WS O e e TEN
rolved, in solution, studies in dilute solution can often be
ment: 3) cause decomposition quite meaningless and should not be extrapolated
agents. b) be retained or transferred glibly to the solid state.
ed-Ox ¢) be converted to heat
ctrons. | d) result in emission of light at a new wavelength Hygroscopicity
fg]fﬁ : Y.ﬂuorescenc.e, P ectornr ) A substance which absorbs sqfﬁci_cp[ mpisturc
pydro- ! ) Natural sunlight lies in the wavelength range from the atmosphere to dissolve itself is deliquesc-
is the l 50-780 nm of which only the higher energy ent. A substance which loses water to form a lower
ntioxi- V) range (290-320 nm) causes photodegra- hydrate or becomes anhydrous is termed efflores-
o fiinc- [ i;llqn of drugs '(and sunburn!). Fluorescent cent. These are extreme cages and u.suall_v.mnst
which lng tubes emit visible light and potentially pharmaceutical compounds either are impassive to
minate | :ifi?‘fnous u.v. radiation in the range 320-380 nm, the water available in the surrounding atmosphere
fective | Whilst conventional tungsten filament light bulbs or either lose or gain water from the atmosphere
aration | ¢ safe, emitting radiations >390 nm. depending on the relative humidity (RH). Ma-
cidized ! pa}“khj:S. PhOIOIYS_iS_ is prevented by suitable teria]; una_ffected by RH are_terme_d_ nc_m-hyg'l.-o-
I 8 low actinic amber glass bottles, card- scopic while those in dynamic equilibrium with
| ard outers ang aluminium foil overwraps and water in the atmosphere are hygroscopic. Ambient
_ PI‘SWS- Clear flint glass absorbs around 80% in RH can vary widely and continually depending on
: e 290-320 nm range whereas amber glass the weather and air temperature and these cyclic
unlike | %b“’fbs_ More than 95%. Plastic containers, by changes lead to constant variations in the moisture
NJs' ) :U_mpanson, absorb only half this amount of radi- content of unprotected bulk drug and excipients.
bood | 0. For further details see Chapter 44. For this reason pharmaceutical air conditioning is
able of | usually set below 50% RH and very hygroscopic
amplé Solid-stage stability products, which are particularly moisture sensi-
links): k. tive, are stored below 40% RH.
jamin® ;11th of the processes of decomposition mentioned ~ Formulated solid products, such as tablets and
which | ¢ Preceding paragraphs of this chapter apply capsules, must be hy@rophil;c 1o tgcxluatc wetting
harmé , :)lue{;(a;l[lly! Particularly when the drug is in and the process of deaggregation andl_ d'ruﬁ
| Wit‘h}:}(:wever? certain important distinctions dlSSOlLlIlOll.."A,b a par; d‘%z’;etheixﬂmuszhz‘;‘;ca;mg;d
| e in [ab]e: Stib_ﬂ”." of drugs m_tht_: sphd state, h}’gn')‘scoplult)_\' : {_0 uf:;r aHg P b
i Ratiog - a:}x] | LHP?UIC‘?. Therc is limited infor- physgfal §ta (: ;:)\d ac;aging wi'll S
sofr | Othe COmplep' armaceutical literature largely due con‘dmo?a‘.hl e pL priing Y S
i e 1’fﬁCUlIies inxmes of tormulatqd s_ystems and th_c mo:stu.r‘gl ‘L\'d engg, g ; I B
obtaining quantitative data. This and desiccant. However, preformulation studies

Qrcity ,
Y of data must not be interpreted to mean

on the drug and potential excipient combinations
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should provide the basis for more robust formu-
lations and a wider more flexible choice of pack,
while still reducing significantly any hydrolytic
instability due to absorbed free moisture.

Stability assessment

The testing protocols used to ascertain the
stability of formulated products must be performed
both in solution and in the solid state since the
same drug may be manufactured both as an injec-
tion and a capsule, for example. These protocols
have been discussed briefly in Chapter 7 and a
suggested scheme is shown in Table 13.11.

6 MICROSCOPY

The microscope has two major applications in
pharmaceutical preformulation:

a) basic crystallography, to determine crystal
morphology (structure and habit), poly-
morphism and solvates and

b) particle size analysis.

Most pharmaceutical powders have crystals in the
range 0.5-300 um. However, the distributions are
often smaller, typically 0.5-50 um, to ensure
good blend homogeneity and rapid dissolution.
Accordingly a lamp illuminated mono-objective
microscope fitted with polarizing filters above and
below the stage is more than adequate to study
these materials. For most preformulation work a
10% eyepiece and a 10x objective are ideal,
although occasionally, with micronized powders
and when following solid—solid and liquid-liquid

transitions in polymorphism, 10 x 20 may be
required. :

Crystal morphology

Crystals are characterized b
constituent atoms or
dimensional strucrur
and some polymers,

v repetition of the
molecules in 3 regular three-
e which is absent in glasses
_ These are six crystal systems
!c.ub‘u:j tetragonal, orthorhombic, monc;clinic
trichnic and hexagonal — see 3 standard chemistn;
text) which have different internal structures and
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spatial arrangement of molecules or atoms. Whil
not changing the internal structure, which occurs
with polymorphism, crystals can adopt different
external structures. This is known as crystal habit
of which five types are recognized:

(a) tabular: moderate expansion of two parallel
faces;

(b) platy: excessive plate-like development;

(c) prismatic: columnar form;

(d) acicular: needle-like prism;

(e) bladed: flattened acicular.

These can occur in all six crystal systems.
Conditions during crystallization of the drug
will contribute to changes in crystal habit and maj
well be encountered in early batches of a new drug
substance during preformulation until the synthetc
route has been optimized. The following examples
show ways in which crystal habit can be modified.

(a) Excessive supersaturation tends to transiom
a prism or isodiametric (granular) crystals 10
a needle shape. _
Cooling rate and agitation is effective lr.,
changing habit since it changes the d_egfﬁE =
supersaturation. Naphthalene gives thin plat®
(platy) if rapidly recrystallized in col_d ethano!
or methanol whereas slow evaporation ields
prisms.

The crystallizing solvent affects
preferential absorption on t0 _Ceﬂaﬂ" 73
inhibiting their growth. Resorcinol produc
needles from benzene and squat prisms o7
butyl acetate. i
The addition of cosolvents or other 50 &
and ions may change habit by PO“’:’;‘;
crystal growth in one or more direc ,;g
Sodium chloride is usually cubic but ¥
causes an octahedral habit.

(b

ts habit b
faces

(c)

B

Particle size analysis

fundamental effects

The particle size of a drug has cage for®

on two important concerns in solid do
formulation:

(a) dose uniformity
(b) dissolution rate.
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toms. While
vhich occurs
opt different
crystal habit

two parallel

yment;

tems.
of the drug
abit and may
f a new drug
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ing examples
be modified.

to transform
r) crystals ©

effective 10
he degree of
es thin plates

cold ethanol
yration yields

ts habit by
certain faces
nol produces
pﬁsms from

other solutes
)4 P"is':'nm'E
e directions
vic but W

nemﬂj eﬁ;}d;
dosage 1o

Small particles are particularly important in low
dose, high potency drug candidates since large
particle populations are necessary to assure
adequate blend homogeneity (coefficient of vari-
ation less than 2%), and also for any drug whose
aqueous solubility is poor (<1 mg ml 1), since
dissolution rate is directly proportional to surface
area (.e. to particle size-!). Cohesion, adhesion
and powder flow are also dependent (see Chapter
36).

There are numerous methods of particle sizing.
Sieving is usually unsuitable during preformu-
btion due to the lack of bulk material. The
simplest, but unfortunately the most tedious,
method for small quantities is the microscope.
The Coulter counter (2 conductivity method based
on electrolyte displacement as the sample is drawn
lhr@ugh a small hole) and laser light scattering are
Widely used for routine bulk analysis and research
see Chapter 33 for details).

' POWDER FLOW PROPERTIES

Of Primary Importance to the formulator when
bandling drug powder is an assessment of its
flow Properties. Various methods of assessing
Powder flow are discussed fully in Chapter 36;
?;‘];:::r, Wl\lﬁn limited amounts of drug are avail-
l m-ms s:ebtim be eyaluated simply by measure-
| ]Phk density and angle of repose Of. the
?3Fame£er5 €se are e:_(tremely useful Qerl\'ed
gty to as.sess the impact of changes in drt}g
bl ¢ li)a Operu.eg as new baFches become avail-
iy ‘Egers in partlcle. size an.d shape are
s m(;re TY apparent; an Increase in crystal size
uniform shape will lead to a smaller

| =
‘ Mgie‘ of repose and smaller Carr’s index (see
| "% and Chapter 36).

Bl density

| N
| ey ( .
[ ‘?impli:::a?n (1967) and Carr (1965) developed a
“"Mparim 0 evalyate ﬂowabilit_v of a powder by
| %peg g ‘hf—‘ Poured (fluff) density (pg ma) and
| | *Ped densiry ( P b
B Which - - PB max) Of a powder and the rate
8 given bu Packed down. A useful empirical guide
' ¥ the Carp’s compressibility index. Here
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‘compressibility’ is a misnomer since compression

is not involved.

Carr’s index (%)

_ Tapped density — Poured density

- ; - x 100

T'apped density
(13.12)

It is a simple index that can be determined on
small quantities of powder and may be interpreted
as in Table 13.13.

Table 13.13 Carr’s index as an indication of powder flow
properties

Carr’s Index (%) Type of flow
5-15 Excellent

12-16 Good

18-21 Fair to passable*

23-35 Poor*

33-38 Very poor

>40 Extremely poor

* May be improved by the addition of glidant, e.g. 0.2%
Aerosil.

A similar index has been defined by Hausner
(1967):

( K

Tapped density (pg max

Hausner ratio = -
Poured density (pg

lhlll"

Values less than 1.25 indicate good flow (= 20%
Carr), while greater than 1.25 indicates poor flow
(= 33% Carr). Between 1.25 and 1.5 added
glidant normally improves flow.

Carr’s index is a one-point determination and
does not always reflect the ease or speed with
which consolidation of the powder occurs. Indeed
some materials have a high index (suggesting poor
flow) but they may consolidate rapidly. Rapid
consolidation is essential for uniform filling on
tablet machines when the powder flows at pg min
into the die and consolidates, to approach pg .
prior to compression. An empirical linear relation-
ship exists between the per cent change in bulk
density and the log number of taps in a jolting
volumeter (see Chapter 36). Non-linearity occurs
up to two taps and after 30 taps when the bed
consolidates more slowly. The slope is a measure
of the speed of consolidation and is useful for
assessing powders or blends with similar Carr’s
indices, or the beneficial effects of glidants.
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Angle of repose

A static heap of powder, when only gravity acts
upon it, will tend to form a conical mound. One
limitation exists; the angle to the horizontal cannot
exceed a certain value and this is known as the
angle of repose (0). If any particle temporarily lies
outside this limiting angle, it will slide down the
adjacent surface under the influence of gravity
until the gravitational pull is balanced by the fric-
tion caused by interparticulate forces. Accord-
ingly, there is an empirical relationship between
6 and the ability of the powder to flow. However,
the exact value for angle of repose can depend on
the method of measurement (see Chapter 36).
The values of angle of repose given in Table
13.14 may be used as a guide to the type of flow

Table 13.14 Angle of repose as an indication of powder flow
properties

Angle of repose Type of flow

degrees
_1‘ Excellent
25-30 Good
3040 Passable*
40 Very poor

'\ May be improved by the addition of glidant. e.g. 0.2%
Aerosil i oy

30

20

Carr's index (%)

Excellent
flow

At t achnent 3a: Copy of Document 3 fromthe Rutgers University Library

to expect. A simple graphical relationship between
angle of respose, Carr’s index and the expected
powder flow is shown in Fig. 13.6. When only
small quantities of powder are available, an
alternative is to determine the ‘angle of spatuly
by picking up a quantity of powder on the spatul
and estimating the angle of the triangular section
of the powder heap viewed from the end of the
spatula. This is obviously a somewhat crude deter-
mination but is useful during preformulation
when only small quantities of drug are available.

8 COMPRESSION PROPERTIES

The compression properties of most drug powders

are extremely poor and necessitate the addition of

compression aids. When the dose is less than
50 mg, tablets can usually be prepared by direct
compression with the addition of modern direct
compression bases but at higher doses the
preferred method would be wet massing (s
Chapters 37 and 39).

None the less information on the compressiot
properties of the pure drug is extremely useful
While it is true that the tableted material should

Very poor flow

(flooding)

l10

Fig. 13.6 Relationship between

l20

30
Angle of repose (6)

the angle of re i g
g fepose and Carr’s index of a powder and its flow characterisucs
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be plastic, i.e. capable of permanent deformation,
it should also exhibit a degree of brittleness (frag-
mentation). Accordingly if the drug dose is high
and it behaves plastically, the chosen excipients
should fragment, e.g. lactose, calcium phosphate.
If the drug is brittle or elastic, the excipients
should be plastic, e.g. microcrystalline cellulose,
or plastic binders could be used in wet massing.
Obviously, as the dose is reduced, this becomes
less important as the diluent vehicle dominates
compressibility. This is discussed more fully in
Chapter 39.

The compression properties (elasticity, plas-
ticity, fragmentability and punch filming propensity)
for small quantities of a new drug candidate can
be established by the sequence outlined in Table
1515,

Table 13.15 Scheme for the evaluation of drug compression
properties.

500 mg drug + 1%
magnesium stearate

Sumple code A B c

Blend in a tumbler mixer for 5 min S min 30 min
Compress 13 mm diameter

tompacts in a hydraulic

press at 75 MPa 75 MPa 75 MPa

for a dwell time of 2s 30 i
Store tablers in a sealed

‘ontainer at room

Icmp_er'alure to allow

cquilibration 24h 24h b
Pe.rform crushing strength on

tablets and record load AN BN e

Iny - . :
‘ht’rpremnon of the results from the compression
Kheme

?h:;ﬂzt;; material \X’"hen materials are ductile
51n;;c thorm_‘bY changing shape ‘p]astl_c flow).
Eencrateirj 1S no fracturg. no new surfaces are
.~ 8 dunng compression and a more intimate
E?)l:flsmla;g?lcsium stearate (as in_ sample C in
i 5978‘- S" l‘eads to poorer bonding \I?eBogr et
elasic d;:.f mw_thcsc mater.lal§ bqnd after visco-
mCreasin’ﬂr}:nauon, and this is nme-d_ependcn_t.
able 1?, lt"‘: d\_\'ell'nme at compression (B in
This, , )) will increase  bonding streng‘th.

! Mmaterial exhibiting tablet crushing
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strengths in the order B > A > C would probably
have plastic tendencies.

Fragmenting material 1f a material is pre-
dominantly fragmenting, neither lubricant mixing
time (C in Table 13.15) nor dwell time (B) should
affect tablet strength. Thus materials which show
tablet crushing strengths which are independent
of the scheme of manufacture outlined in Table
13.15 are likely to exhibit fragmenting . properties
during compression, with a high friability.

Elastic material Some materials, paracetamol
1s an example, are elastic and there is very little
permanent change (either plastic flow or fragmen-
tation) caused by compression; the material
rebounds (elastically recovers) when the com-
pression load is released. If bonding is weak, the
compact will self-destruct and the top will detach
(capping) or the whole cylinder cracks into hori-
zontal layers (lamination). An elastic body will
respond as follows to the preparation methods
outlined in Table 13.15.

A will cap or laminate.

B will probably maintain integrity but will be
very weak.

C will cap or laminate.

Elastic materials require a particularly plastic
tableting matrix or wet massing to induce plas-
ticity (see Chapters 37 and 39 for further details).

Punch filming (sticking) Finally, the surface
of the top and bottom punches should be examined
for adhesion of drug. The punches can be dipped
into a suitable extraction solvent and the drug
level determined. This will probably be higher for
A and B (Table 13.15) since magnesium stearate
is an effective anti-adherent and 30 minutes’
mixing (C) should produce a monolayer and
suppress adhesion more effectively.

Sticky materials can be improved by a change
in salt form, by using high excipient ratios, by
using abrasive inorganic excipients, by wet
massing and/or by the addition of up to 2%
magnesium stearate.

9 EXCIPIENT COMPATIBILITY

The successful formulation of a stable and effec-
tive solid dosage form depends on the careful
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