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INTRODUCTION 

The pre formula t ion  s tud ies are the f i r s t  steps i n  the pharma- 

ceu t i ca l  development o f  a drug substance i nto  d i  f f e r e n t  dosage 

forms. The phys ica l  and chemical p roper t i es  o f  a number of drug 
candidates are i nves t i ga ted  and the aim o f  these s tud ies i s  t o  

i d e n t i f y  c r i t i c a l  p roper t ies  i n  order t o  se lec t  the bes t  candi- 

date. For the  se lected candidate drug, the chemical and phys ica l  

p roper t ies  are i nves t i ga ted  fu r the r ,  and i n  combination w i th  exc i -  

p ien ts  which c o n s t i t u t e s  bas ic  in fo rmat ion  f o r  the f o l l  owing f o r -  

mu 1 a t i on work . 
When working w i th  a new drug e o t i t y ,  i t  i s  o f ten r a t i o n a l  t o  

d i v i d e  the pre formula t ion  s tud ies i n t o  th ree  phases: 
1. Select ion o f  the phys ica l  form o f  the substance, i.e. acid, 

2. Select ion o f  p r e c i p i t a t i o n  process, i.e. so lvent  system and 

3. Compat ib i l i t y  studies. 

baso, apro t  o r  s a l t  (1). 

t cchn i  que. 

PREFORMULATION STUDIES I 

Time and amount o f  substance are o f ten  l i m i t e d  i n  the preformu- 

l a t i o n  s tud ies  and t h i s  s i t u a t i o n  i s  f requent ly  pronounced i n  the  
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954 NY QVIST 

very beginning. For the pre formula t ion  pharmacist, thus, i t  i s  o f  

value t o  possess a program t h a t  enables t ime schedule and sub- 

stance quan t i t y  t o  be estimated w i th  reasonable p rec i s ion  f o r  the 

f i r s t  p a r t  o f  the pre formula t ion  s tud ies  ( 2 ) .  For a broad scree- 

n ing o f  a drug substance intended f o r  a t a b l e t  formulation,as 

l i t t l e  as 10-12 g o f  substance may be needed i n  a 30-40 day pro-  

gram (3) .  

Powder cha rac te r i za t i on  
Scanning e lec t ron  microscopy (SEM) i s  a simple method t o  ob ta in  

a general idea o f  p a r t i c l e  s i ze  and morphology which requ i res  only  

a few mi l l ig rams o f  substance. The SEM technique inc ludes prepara- 

t i o n  and observat ion o f  the  sample i n  vacuum which might b r i n g  

about crack ing and o ther  changes i n  the  p a r t i c l e s  due t o  evapora- 

t i o n  o f  so lvents  and p a r t i a l  me l t i ng  caused by the e lec t ron  beam. 

scopy ( 4 )  us ing e.g. an automatic p a r t i c l e  analys is .  Th is  techn i -  

que requ i res  less  than 100 mg o f  sample, bu t  care must be taken 

w i th  the sampling o f  these small powder q u a n t i t i e s  i n  order  no t  t o  

ob ta in  misleading r e s u l t s  ( 4 ) .  Permeametry (F isher  Sub Sieve S izer  

o r  B la ine)  o r  s ieve ana lys is  requ i res  gram q u a n t i t i e s  o f  the sub- 

stance, bu t  these techniques are nondestruct ive and the powder 

samples can be used e.g. i n  the s t a b i l i t y  s tud ies.  

the  volume o f  s o l i d  except i n t e r p a r t i c l e  voidage i s  measured con- 

ven ien t l y  w i t h  an a i r  contparision pycnometer ( 3 ) .  Measurement o f  

the X-ray densi ty ,  Ox,  can be considered impor tant  a lso  i n  t h i s  

e a r l y  stage espec ia l l y  i f  the powder s tud ied conta ins amorphous 
mater ia l  (58). 

The s p e c i f i c  surface area can be ca l cu la ted  from the surface 

volume diameter obta ined from the permeametry measurements and the 

t r u e  p a r t i c l e  densi ty .  Fleasurement w i t h  gas adsorpt ion (5 ,  6) and 

app ly ing  the B.E.T.equation can g ive va luable in fo rmat ion ,  bu t  the  

amount o f  substance requ i red  i s  about 1 g. 

P a r t i c l e  s ize  measurements can be performed w i t h  o p t i c a l  micro- 

The t rue  p a r t i c l e  densi ty ,  Dt, def ined as the weight d i v ided  by 
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PREFORMULATION STUDIES OF DRUG SUBSTANCES 955 

I f  the dose leve l  o f  the new drug substance can be estimated i n  

t h i s  e a r l y  stage o f  development and the tendency i s  towards a h igh  

dose, knowledge about the bulk  densi ty  p roper t ies  i s  valuable. 

With l i m i t e d  substance q u a n t i t i e s  i t  i s ,  however, d i f f i c u l t  t o  

measure and a mod i f i ca t i on  o f  the D I N  methods t o  determine the 

aerated and tapped bulk  dens i t i es  may have t o  be performed (7) 
The appearance can be given i n  desc r ip t i ve  terms descr ib ing  the  

most commonly encountered co lo rs  (8). Surface c o l o r  can be mea- 

sured success fu l l y  w i t h  t r i s t i m u l u s  co lo r imet ry  (9 ) .  However, the 
coarseness o f  the  powder can in f luence the resu l t s .  

Odor and t a s t e  are c h a r a c t e r i s t i c  f o r  a drug substance. They 

are reviewed i n  order  t o  de tec t  e.g. the necess i ty  f o r  t a s t e  o r  

odor masking (8) .  

X-ray powder d i f f r a c t i o n  

XRO-measurements i n  i t s  s implest  form prov ide in fo rmat ion  i f  

the powder samples t h a t  have been p r e c i p i t a t e d  are c r y s t a l l i n e  o r  

not .  The use o f  a Guinier-Hagg camera has proved t o  g ive more 

in fo rmat ion  about the bonding o f  so lvents  than measurements recor -  

ded w i th  a re f ractometer  and i s  t o  be p re fe r red  i n  the preforinula- 

t i o n  s tud ies (10). Only 100-200 mg o f  substance i s  needed f o r  
these analyses. 

Thermal ana lys is  

D i f f e r e n t i a l  thermal ana lys is  (DTA) ,  d i f f e r e n t i a l  scanning 

ca lo r imet ry  (DSC), and therrnogravimetry (TG) can be run  on small 

q u a n t i t i e s  o f  substance (5-10 mg). They g ive valuable in fo rmat ion  

about how water and organic so lvents  are bound t o  the ma te r ia l ,  

when the substance mel ts  o r  degrades, and i f  there i s  any i nd i ca -  
t i o n  f o r  the presence o f  polymorphs. These standard methods are 

run on samples inc luded i n  the hygroscop ic i ty  and s t a b i l i t y  t e s t s  

as we l l  as on powder samples from the compaction studies, pre-  
ferably  together  w i th  XRD-measurements. 
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956  NY QV I ST 

D i  ssol u t i o n  ra te ,  so l  ub i  1 1 ty  

The r o t a t i n g  d isc  method t o  determine the i n t r i n s i c  d i s s o l u t i o n  
r a t e  i s  r a p i d  and convenient t o  use, consuming only  around a gram 
o f  drug substance (11, 12, 31). I n  t h i s  e a r l y  p re fo rmula t ion  work, 
water i s  used as the d i s s o l u t i o n  medium i f  no specia l  reasons 

speak f o r  b u f f e r  so lu t ions .  I n  the  second phase o f  the preformula- 
t i o n  studies, the i n f l uence  o f  pH on the  i n t r i n s i c  d i s s o l u t i o n  
r a t e  i s  monitored (13). 

determinat ion o f  the s o l u b i l i t y  by conventional e q u i l i b r i u m  tech- 
nique i s  d i f f i c u l t  t o  perform, espec ia l l y  i f  the conipound i s  eas i -  
l y  so lub le.  The aqueous s o l u b i l i t y  can , however, be estimated by 
us ing a l i n e a r  r e l a t i o n s h i p  between the i n t r i n s i c  r a t e  o f  d isso lu -  
t i o n  and the corresponding s o l u b i l i t y  (11,141, This  r e l a t i o n s h i p  
has been found t o  be genera l l y  app l i cab le  f o r  var ious compounds 
independent o f  chemical s t ruc tu re .  

The general in fo rmat ion  about s o l u b i l i t y  and d i s s o l u t i o n  r a t e  

obta ined from these measurements provides a good base f o r  p red ic -  
t i n g  eventual problems w i t h  the b i o a v a i l a b i l f t y  (15-19) together  
w i t h  the  measurements o f  i o n i z a t i o n  constant  (20,211 and p a r t i t i o n  
c o e f f i c i e n t  (22). 

A c o r r e l a t i o n  between the r e l a t i v e  l i p o p h i l i c i t y ,  n, (23) and 

the i n t r i n s i c  d i s s o l u t i o n  r a t e  has been shown f o r  d i f f e r e n t  d i -  
subs t i t u ted  benzami de de r i va t i ves  ( 3 )  and subs t i t u ted  benzoic 
acids ( 2 4 ) .  The d i s s o l u t i o n  r a t e  decreases w i t h  inc reas ing  l i p o -  
p h i l i c i t y  and t h i s  in fo rmat ion  can be o f  value when a ser ies  o f  
candidate drugs i s  s tud ied  w i t h  d i f f e r e n t  subs t i tuents  i n  the same 
p o s i t i o n  o f  the molecule. 

Due t o  the o f ten  l i m i t e d  amount o f  drug substance ava i lab le ,  

Water adsorpt ion 

g r a v i m e t r i c a l l y  on 500 mg samples exposed t o  d i f f e r e n t  r e l a t i v e  
humid i t ies  i n  hygrostats  (3 )  us ing saturated s a l t  so lu t i ons  t o  

mainta in  the humid i t ies  (25). I n  a d d i t i o n  t o  the g rav ime t r i ca l  

The water adsorpt ion and desorption isotherms can be determined 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PREFORMULATION STUDIES OF DRUG SUBSTANCES 95 7 

measurements, thermogravimetry and Kar l  F ischer  analyses are per- 

formed s ince organic so lvents  present i n  the powder samples may be 

rep1 aced by water. 

which might a l t e r  the c r y s t a l  s y m e t r y  o f  the substance. These 

e f f e c t s  may occur instantaneously  a t  exposure t o  water vapor above 

a c r i t i c a l  p a r t i a l  pressure o r  slowly, sometimes stepwise, a t  long  

term storage (26, 27 1. 

the water molecules are adsorbed (28-30) has been demonstrated t o  

be r e l a t e d  t o  the i n t r i n s i c  d i sso lu t i on  r a t e  i n  water (31). Wi th in  

a homologous ser ies  o f  drug coinpounds, i .e. d i f f e r e n t  d e r i v a t i v e s  

o f  a mother molecule, a rank ing can be obta ined i n  order t o  se lec t  

the best  candidate w i t h  respect  t o  both d i s s o l u t i o n  and water 
so rp t i on  proper t ies .  

Under the in f luence o f  water vapor, hydrates can be formed 

I n  the case o f  surface adsorpt ion o f  water, the r a t e  a t  which 

S t a b i l  i ty 

ments, r e l a t i v e  humid i t ies  are se lected f o r  the s t a b i l i t y  t e s t i n g  

i n  the s o l i d  s ta te  o f  the drug candidates. The water sorp t ion  

o f ten  fo l lows a Type-I1 isotherm (321, and i t  can be reasonable t o  

se lec t  a humid i ty  below and above the th resho ld  o f  the isotherm, 

e.g. 30 and 75 % F!H a t  a moderately e levated ter;iperature, 40 " C  

(3, 33). Higher temperatures can a lso be used e.9. 50 " and 60 "C 

a t  spec i f i ed  humid i t ies,  bu t  care must be taken when se lec t i ng  the 

temperatures w i t h  respect t o  the me l t i ng  and change i n  c r y s t a l  

form o f  the substance. Analys is  i s  performed a f t e r  e.g. 10 and 30 

days, and i f  no subs tan t ia l  change has Seen observed, a f t e r  30 

days a t  40/75 and 60/30, the s t a b i l i t y  prognosis o f  the candidate 
i s  good (8).  The amount o f  drug substance needed f o r  t h i s  s t a b i l i -  

ty eva lua t ion  depends on the methods used f o r  ana lys is .  As a stan- 

dard, one can c a l c u l a t e  w i th  500 mg f o r  each p u l l  t ime which w i l l  

g ive a t o t a l  o f  2.5 g f o r  the study a t  40 "C and two r e l a t i v e  

humid i t ies.  

On the bas is  o f  the r e s u l t s  from the hygroscop ic i ty  measure- 
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NY QVIST 958 

P a r a l l e l  t o  the s t a b i l i t y  t e s t i n g  i n  darkness, the l i g h t  s tab i -  

l i t y  i s  studied. Ry us ing simulated s u n l i g h t  (341,  a t e s t  program 

w i t h  l i g h t  exposure up t o  48 h can be run a t  se lected humid i t ies.  

I f  the same humid i t ies  are used as i n  the  darkness study, e.g. 30 

and 75 % Rtl, w i t h  one temperature and two exposure times, a t o t a l  

amount o f  2.5 g o f  substance i s  needed (3,341. I n  order  t o  be able 

t o  measure the d i sco lo ra t i on  o f  the substance apar t  from the  che- 

mical degradation, compressed d isks o f  the substance i s  used. The 

surface co lo r  can be measured before and a f t e r  the l i g h t  exposure 

w i t h  t r i s t i m u l u s  co lo r imet ry  (9,341. More in tens i ve  1 i g h t  exposure 

may a lso be used success fu l l y  (34,351 where a FadeOmeter equipped 

w i t h  a carbon arc can be used (36). L i g h t  exposure can b r i n g  about 

chemical react ions t h a t  may continue i n  darkness. Thus, i t  i s  

suggested t h a t  samples t h a t  have been exposed t o  l i g h t  are s to red  

i n  darkness i n  order t o  de tec t  such changes ( 3 ) .  

Cornpaction p roper t i es  

The study o f  the compaction proper t ies  i s  conducted on e i t h e r  

instrumented t a b l e t  machines (37,381 or  i n  compaction s imulators  

(39,401. The l a t t e r  type o f  equipment seems t o  be the idea l  tes- 

t i n g  device f o r  use i n  p re fo rmula t ion  studies, i.e. i t  operates 

w i t h  small amounts of drug substances and a l lows measurements t o  

be performed under dynamic cond i t ions  s i m i l a r  t o  those under nor- 

mal t a b l e t t i n g .  However, the instrumented excenter press a1 so 
meets most o f  the requirements. 

data froin instrumented t a b l e t  machines ( 4 1 ) ,  e.g. cornpaction ener- 
gy versus t a b l e t  po ros i t y  (Heckel p lo ts ,  42,471 and r a d i a l  versus 

a x i a l  pressure cyc les ( 4 3 )  along w i t h  several o thers (44,451. The 
choice o f  methods and the i n t e r p r e t a t i o n  o f  the r e s u l t s  have been 

discussed (43,451, and the use o f  force-displacement measurements 
i n  preformulat ion and e a r l y  formulat ion work has been evaluated 

(461. 

punch pressures, the t o t a l  work 

One can f i n d  a number o f  methods f o r  i n t e r p r e t i n g  coinpaction 

Determination o f  the maximum upper (UPPmaX) and lower (LPPmax) 
(Wtotl performed by the upper 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PREFORMULATION STUDIES OF DRUG SUBSTANCES 959 

punch, t h e  work of expansion ( W  1 and t h e  n e t  work performed by 
exp 

t h e  upper punch (Unet=Wtot-CJexp)has been suggested t o  be used i n  a 

p r e f o r m u l a t i o n  program ( 3 ) .  When pe r fo rm ing  t h e  measurements on 

f i v e  o r  s i x  t a b l e t s  compressed t o  a r e l a t i v e  d e n s i t y  o f  0.7-0.9, a 
t o t a l  amount o f  4-59 substance i s  consiimed. 

PREFORMULATION STUDIES I 1  
When t h e  cand ida te  drug and the  phys i ca l  form o f  i t  has been 

s e l e c t e d  i n  t h e  f i r s t  p a r t  o f  t h e  p r e f o r m u l a t i o n  study, i t  i s  t h e  

proper  t i m e  t o  s e l e c t  t he  p r e c i p i t a t i o n  technique and s o l v e n t  

system t o  be used i n  t h e  f i n a l  p u r i f i c a t i o n  o f  t h e  syn thes i s .  

D i f f e r e n t  so l ven ts  and m i x t u r e s  o f  s o l v e n t s  cdn produce a v a r i e t y  

o f  s o l i d  p roduc ts  o f  t h e  same drug substance. Format ion o f  p o l y -  

rnorphs i s  a w l l - k n o w n  phenomenon where t h e  drug molecules can 

e x i s t  i n  d i f f e r e n t  space l a t t i c e  arrangements (48-52) .  F u r t h e r -  

more, a t  c r y s t a l l i z a t i o n ,  s o l v e n t  molecules can be ent rapped i n  

t h e  c r y s t a l  l a t t i c e  s t o i c h i o m e t r i c a l l y  g i v i n g  a s o l v a t e  o r  a 

pseudopol ymorph. 

severa l  demands must be f u l f i l l e d .  The y i e l d  must be as h i g h  as 

p o s s i b l e  and t h e  p u r i t y  must he s a t i s f a c t o r y  w i t h o u t  t o o  many 

r e c r y s t a l l i z a t i o n s  which w i l l  a f f e c t  t h e  y i e l d .  The same c r y s t a l -  

l i n e  product  must be ob ta ined  from batch t o  batch, i .e.  t h e  pro-  
cess must be r e p r o d u c i b l e .  Th i s  i s  o f  g r e a t  importance i n  t h e  

s c a l i n g  up o f  t h e  syn thes i s  process b u t  i s  o f t e n  d i f f i c u l t  t o  

fo rsee  a t  t h i s  e a r l y  stage. A good p r e r e q u i s i t e  i s  a c o o p e r a t i o n  

betweerl t h e  p r e f o r m u l a t i o n  pharmacis t  and a process chemist  i n  

t h i s  p a r t  o f  t h e  p r e f o r m u l a t i o n  work where bo th  t h e  economical and 

process r e l a t e d  ques t i ons  o f  t h e  substance p r o d u c t i o n  can be con- 

s ide red  t o g e t h e r  w i t h  t h e  pharmaceut ical  f o r m u l a t i o n  and produc- 

t i o n .  

The combinat ion o f  t e s t  methods employed i n  t h i s  second phase 

o f  t h e  p r e f o r m u l a t i o n  s t u d i e s  i s  i n  p r i n c i p l e  t h e  same as those  
descr ibed i n  Phase I. The amount o f  substance a v a i l a b l e  i s  hope- 

f u l l y  l a r g e r ,  perhaps i n  t h e  range o f  10-309. The main purpose i s  

When s e l e c t i n g  t h e  s o l v e n t / m i x t u r e  and p r e c i p i t a t i o n  technique,  
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t o  focus on the  c r i t i c a l  p roper t ies  o f  the drug substance, i.e. 

s o l u b i l i t y  i f  the substance has a low s o l u b i l i t y  (53-55) and com- 

pac t ion  proper t ies  i f  the candidate se lected was best  from other  

po in ts  o f  view but  has poor b ind ing  proper t ies .  It can be of i n t c -  

r e s t  t o  study the c r i t i c a l  p roper t ies  o f  the substance a f t e r  com- 

pac t ion  and m i l l i n g  (56,571 which can have an impact on several 

phys ica l  and chemical p roper t ies  (58). 

p a r t i c u l a r  i n t e r e s t .  Su l tab le  techniques are DSC and TG w i t h  which 
a lso the f i r s t  d e r i v a t i v e  o f  the s igna ls  can be recorded (10). 

X-ray powder d i f f r a c t i o n  (XRD) which nay be completed w i th  s ing le  

c r y s t a l  X-ray d i f f r a c t i o n  f o r  determinat ion o f  c r y s t a l  syrninetry 

c lass  and u n i t  c e l l  dimensions i s  a lso valuble. This i s  o f  i n t e -  

r e s t  f o r  determinat ion o f  the c r y s t a l  lograph ica l  densi ty ,  [Ix, 

which compared t o  the t r u e  dens i ty  determined i n  the  a i r  compari- 
s ion  pycnometer can g ive valuable in fo rmat ion  about the presence 

o f  amorphous mater ia l  i n  the product (59). 
When studying the existence o f  polymorphs and t h e i r  p roper t ies ,  

a combination o f  techniques i s  requi red.  An example i s  the p re fo r -  

mu la t ion  work on a subs t i t u ted  benzarnide d e r i v a t i v e  (26,27,60). 

The substance could be obtained as e i t h e r  anhydrous w i t h  monocl i - 
n i c  symmetry, anhydrous w i t h  orthoroinbic symmetry o r  as a mono- 

hydrate w i th  orthorombic symmetry, a l l  depending on the water 

content  i n  the p r e c i p i t a t i o n  medium. The anhydrate w i t h  otrhorom- 

b i c  symmetry was found t o  be phys i ca l l y  unstable a t  storage. Thus, 

a f t e r  a shor t  time, a 0.5 hydrate was formed which i n  turn,  a f t e r  

long term storage (up t o  6 months), formed the monohydrate. BY 

combining TG, DTG w i t h  XRD and extending the storage t ime f o r  the  

samples run i n  the s t a b l i t y  s tud ies  up t o  6 months, t h i s  cou ld  be 

detected. A p r e c i p i t a t i o n  medium w i th  low water content  was then 

se lected which y i e l d e d  the  s tab le  monocl in ic  anhydrate. 

Zimeldine d ihydroch lo r ide  i s  another example where a combina- 
t i o n  of t e s t  methods was used t o  study the e f f lo rescense o f  the 

substance dur ing  storage g i v i n g  r i s e  t o  an increased sur face area 

re f l ec ted  by an increased water adsorption (10). By per fo rn iny  

The format ion o f  polymorphs i n  the p r e c i p i t a t i o n  process i s  o f  
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PREFORMULATION STUDIES OF DRUG SUBSTANCES 961 

DSC, TG, DTG, and XRD combined w i t h  d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  

su r face  area by gas a d s o r p t i o n  on powder samples i n  t h e  s t a b i l i t y  

s tud ies ,  i t  was found t h a t  t h e  f o u r  water molecules i n  each u n i t  

c e l l  moved s l i g h t l y  which caused t h e  c r y s t a l s  t o  crack s low ly .  

t h i s  phase up t o  6 months, b u t  o f t e n  the  t ime schedule i s  very  

t i g h t  and d e c i s i o n s  must be made b e f o r e  such a l o n g  t ime  has 

passed. It must, however, be considered i m p o r t a n t  t o  p l a n  t h e  

s to rage  t e s t s  w i t h  t h e  p o s s i b i l i t y  t o  pe r fo rm analyses up t o  a t  

l e a s t  6 months which can g i v e  va luab le  i n f o r m a t i o n  i n  t h e  t h i r d  

phase o f  t h e  p r e f o r m u l a t i o n  s t u d i e s  and i n  t h e  e a r l y  f o r m u l a t i o n  

s tud ies .  

It can, thus,  be o f  va lue  t o  extend t h e  s t a b i l i t y  s t u d i e s  i n  

PREFORMULATION STUDIES I11 

The t h i r d  phase o f  t he  p r e f o r m u l a t i o n  s t u d i e s  i s  m a i n l y  con- 

cerned w i t h  t h e  c o n p a t i b i l  i t y  o f  t h e  drug stibstance w i t h  d i f f e r e n t  

e x c i p i e n t s .  These s t u d i e s  may be cons ide red  as a base f o r  t h e  

f i r s t  f o r m u l a t i o n  s t u d i e s .  Coinpat ib i l  i t y  s t u d y i n g  does n o t  c o n t a i n  

o n l y  the  survey o f  t h e  chemical s t a b i l i t y  o f  t h e  drug substance i n  

m i x t u r e s  w i t h  t h e  e x c i p i e n t s ,  b u t  comprises a l s o  t h e  compact ion 

p r o p e r t i e s  and o t h e r  p h y s i c a l  p r o p e r t i e s  t h a t  may be of i n t e r e s t ,  

e.g. f l o w a b i l i t y .  

med w i t h  t h e  use o f  f a c t o r i a l  des ign (61) .  E x c i p i e n t s  i n c l u d e d  

should be f i l l e r s  ( l a c t o s e ,  l nann i to l ) ,  d i s i n t e g r a n t s  ( s t a r c h ,  

m i c r o c r y s t a l l  i n e  c e l l u l o s e ) ,  b i n d e r s  ( p o l y v i n y l p y r r o l  idone, ge la-  

t i n e ) ,  l u b r i c a n t s  (magnesium s tea ra te ,  s t e a r i c  a c i d ) ,  and granuld-  

t i n g  l i q u i d s  (water ,  a l c o h o l ) ,  (62-64) .  With 5 f a c t o r s ,  t h i s  w i l l  

mean 32 exper iments i n  a complete f a c t o r i a l  s tudy which o f t e n  nay 

be considered t o o  much. Two p o s s i b i l i t i e s  a re  g i ven  t o  e lude  t h i s  

problem, e i t h e r  t o  run  a s e r i e s  of 2 3  o r  24 s t u d i e s  where t h e  

r e s u l t s  f rom t h e  p rev ious  s tudy w i l l  gu ide the  p l a n n i n g  o f  t h e  

f o l l o w i n g  (65). T h i s  techn ique  w i l l  take l o n g e r  t ime  and t h i s  i s  

a drawback w i t h  respec t  t o  t h e  o f t e n  t i g h t  t ime schedule o f  t h e  

preformul  a t i o n  s tud ies .  Another technique , t h e  reduced f a c t o r i a l  

The p lann ing  o f  t h e  co i i i pa t i b i l  i t y  s t u d i e s  i s  p r e f e r a b l y  p e r f o r -  
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design, i s  ava i l ab le  b u i l d i n g  on the assumption t h a t  i n t e r a c t i o n s  

between three or  more var iab les  are o f  minor i n t e r e s t  and can be 

ignored compared t o  the main e f f e c t s  and the two-var iab le i n te rac -  

t i o n s  (66,67). This technique enables 3 var iab les  t o  be i n v e s t i -  

gated i n  4 experiments, up t o  7 var iab les  i n  8 experiments, and up 

t o  15 var iab les  i n  16 exoeriments. 

The cherrlical s t a b i l i t y  i n  the c o m p a t i b i l i t y  s tud ies i s ,  i n  most 

cases, fo l lowed by chemical ana lys is  upon storage a t  moderately 

accelerated cond i t ions ,  e.g. 40 'C, 30 and 75 'x, RH f o r  1, 3, and 

up t o  6 months. Changes i n  appearance o f  the powder mix tures i s  

n o t  uncommon and i s  convonfently fo l lowed by t r i s t i m u l u s  c o l o r i -  
metry (34,35,65). I n  order  t o  f a c i l i t a t e  these measurements, com- 

pressed disks o f  the powder i i i ixt irres are prepared and s tored i n  

the s t a b i l i t y  study. These d isks can be compressed i n  an i n s t r u -  

mented t a b l e t  machine f o r  s tudy ing the compaction behavior as p a r t  

o f  the compa ti b i  1 i ty studies. 

exposure can be performed i n  a r t i f i c i a l  s u n l i g h t  (34) .  A useful 

technique t o  p r e d i c t  the l i g h t  s t a b i l i t y  i n  s u n l i g h t  o r  i n  day- 

l i g h t  from l i g h t  exposure i n  a r t i f i c i a l  s u n l i g h t  can be employed 

i n  these s tud ies (60) .  It i s  based nn numerical convo lu t ion  by 

weighing d i sco lo ra t i on  data f o r  the drug /exc ip ien t  mix tu re  i n  

a r t i f i c i a l  sun l i gh t  w i t h  the d i sco lo ra t i on  data f o r  the pure drug 

i n  s i rn l igh t  o r  day l i gh t .  

Calorimetry (DSC) have been used as a1 te rna t i ves  t o  the quant i ta -  

t i v e  assay a f te r  isothermal s t ress  tes ts  i n  druq-exc ip ient  i n t e r -  

ac t i on  s tud ies  (69-78). Plany problems have, however, been associ- 
ated w i th  the i n t e r p r e t a t i o n  o f  the ctirves, and the use o f  DTA and 

DSC i n  the c o m p a t i b i l i t y  s tud ies  mist ,  i n  nos t  cases, be consi -  
dered as a complement t o  the q u a n t i t a t i v e  assay of the a c t i v e  

i ng red ien t  a f t e r  isothermal s t ress  t e s t s  (79 ) .  
When the drug substance has poor s t a b i l i t y  and no improv- 

ment can be achieved by p r e c i p i t a t i o n  o f  another c r y s t a l  form, the  

co inpat ih i l  i t y  s tud ies may be focused on s t a b i l i z i n g  the substance 

I n  case a l i g h t  sens i t i ve  drug substance i s  studied, l i g h t  

D i f f e r e n t i a l  Thermal Analys is  (DTA)  and D i f f e r e n t i a l  Scanning 
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by spray drying, f reeze drying, o r  c o p r e c i p i t a t i o n  w i t h  hydropho- 

b i c  siibstances such as t r i g l y c e r i d e s ,  pa ra f f i ns ,  o r  long chain 

a lcohols .  S i m i l a r l y  i f  the drug substance has a poor s o l u b i l i t y ,  

the r a t e  o f  d i s s o l u t i o n  may have t o  be increased by inc reas ing  the  

s p e c i f i c  surface area o r  by hydrophi l  i z a t i o n  (80-90). Measurement 

o f  the i n t r i n s i c  d i s s o l u t i o n  r a t e  i s  of s ign i f i cance  i n  these 

s tud ies (11-13,911. 

CONCLUSIONS 

The f i r s t  p a r t  o f  the prefor inu lat ion s tud ies o f  a new drug 

e n t i t y ,  i.e. se lec t i on  o f  the candidate drug and phys ica l  form o f  

it, can be rim on a t o t a l  quant i t y  o f  10-129 w i t h i n  a t ime per iod  

o f  30-40 days. 

Se lec t ion  o f  p r e c i p i t a t i o n  process i n  the second phase o f  the 

pre formula t ion  s tud ies can be performed w i t h  the  same program as 

i n  Phase I .  I n  t h i s  second phase, i t  i s ,  however, common t o  focus 

on the c r i t i c a l  p roper t ies  o f  the substance. S t a b i l i t y  s tud ies are 

performed a t  both accelerated and she1 f 1 i f e  cond i t ions  w i t h  sam- 

p les  reserved f o r  ana lys is  up t o  as much as 6 months o f  storage. 

Preformulat ion Studies I11  form the base f o r  the f i r s t  formula- 
t i o n  s tud ies  and they are pre ferab ly  planned by us ing f a c t o r i a l  

design. Depending on the c r i t i c a l  p roper t ies  o f  the substance, the 

c o m p a t i b i l i t y  s tud ies w i th  d i f f e r e n t  exc ip ien ts  may be run w i t h i n  

48-50 days us ing 30-100 g o f  the substance. The s t a b i l i t y  s tud ies 

are performed a t  moderately accelerated s h e l f  1 i f e  cond i t ions  and 

run  up t o  6 months. 
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