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ABSTBBCTS 

A monitor system i s  descr ibed for t h e  c o n t r o l  of p a r t i c l e  

growth by c r y s t a l l i z a t i o n  i n  r e a l  pharmaceut ical  
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2342  ZILLER AND RUPPRECHT 

suspensions,  based on t h e  measurement of  drug concen t r a t ion  

i n  t h e  l i q u i d  phase i n  contac t  w i t h  t h e  drug c r y s t a l s .  The 

c o n t r o l  u n i t  c o n s i s t s  of  a thermostated v e s s e l  con ta in ing  

the  drug suspension and a monitoring c i r c u i t  i nc lud ing  a 

dedector  (i.e. r e f r a c t i v e  index, UV absorpt ion) .  The 

concent ra t ion  o f  the  l i q u i d  superna tan t  i s  recorded i n  

p a r a l l e l  w i t h  t he  a c t u a l  temperature.  Typical  concent ra t ion-  

time curves i n d i c a t e  any d i s s o l u t i o n  or c r y s t a l l i z a t i o n  i f  

temperature cyc l ing  (AT f IOK) is appl ied  on t h e  

suspensions.  

It is  demonstrated by acetaminophen c r y s t a l s  t h a t  a f t e r  

decreasing t h e  temperature  t h e  c r y s t a l  growth appears  

s i g n i f i c a n t l y  impeded even by v e r y  s m a l l  amounts  o f  PVP ( 3 

ppm, m o l  mass 180,000).  The polymer d i d  not  i n f luence  t h e  

r a t e  o f  d i s s o l u t i o n  o f  t h e  c r y s t a l s  a t  h ighe r  temperature.  

Su r fac t an t s  reduce the  p r o t e c t i v e  a c t i o n  o f  PVP on c r y s t a l  

growth,  i n  p a r t i c u l a r  an ionic  s u r f a c t a n t  which n e u t r a l i z e  

t h e  p r o t e c t i v e  a c t i o n  t o t a l l y .  

Crys t a l  growth can be s u c c e s s f u l l y  i n h i b i t e d  by substances,  

which a r e  i r r e v e r s i b e l y  adsorbed t o  t he  c r y s t a l  s u r f a c e  by 

s p e c i f i c  i n t e r a c t i o n s  w i t h  t h e i r  f u n c t i o n a l  groups and a 

polymer s t r u c t u r e  of  high molecular mass. 

INTRODUCTION 

P a r t i c l e  growth by c r y s t a l l i z a t i o n  i s  one of  the m o s t  

d e s t a b i l i z i n g  phys ica l  processes  i n  drug suspensions.  
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CONTROL OF CRYSTAL GROWTH I N  DRUG SUSPENSIONS. I 2343 

It is promoted by temperature  changes dur ing  s torage ,  

e s p e c i a l l y  i f  t h e  s o l u b i l i t y  of  t h e  drug is s t r o n g l y  

dependent on temperature.  I n  t h i s  case  t h e  c r y s t a l l i s e d  

drug may d i s so lve  w i t h  increas ing  temperature ,  fol lowed 

by par t ic le  growth when t h e  temperature  decreases  

again. Supersaturated drug s o l u t i o n s  a r e  t h e n  formed, 

which s t i m u l a t e  c r y s t a l l i z a t i o n .  Crys t a l  growth, 

however, favours  r ap id  sed imenta t ion  and may f i n a l l y  

l e a d  t o  non r ed i spe r sab le  sediments or caking (I). 

Severa l  approaches a r e  descr ibed i n  the l i t e r a t u r e  both  

t o  monitor t hese  processes and t o  impede 

c r y s t a l l i z a t i o n  f r o m  supersa tura ted  s o l u t i o n s  by the 

add i t ion  o f  polymers, s u r f a c t a n t s ,  and dyes (2-7). We 

descr ibe  h e r e  a c o n t r o l  u n i t  d e s i g n e d  t o  m o n i t o r  

c r y s t a l  growth  (and d i s so lu t ion )  even i n  highly- 

concentrated suspensions. The inf luence  o f  a d d i t i v e s  on 

c r y s t a l l i z a t i o n  processes can a l s o  be evaluated. 

CONTROL OF SUSPENSION STABILITY 

1. - Measurement o f  p a r t i c l e  s i z e  

I n  a s u s p e n s i o n  t h e  t o t a l  volume of t h e  s o l i d  phase  i s  

t h e  sum o f  t h e  i n d i v i d u a l  volumes o f  t h e  s i n g l e  

p a r t i c l e s  (i. e. c r y s t a l s ) .  

Any d i s s o l u t i o n  or c r y s t a l l i z a t i o n  process w i l l  change 

t h i s  s o l i d  phase volume. On cool ing  a drug suspension, 
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2344 ZILLER AND RUPPRECHT 

p a r t i c l e  growth from supersa tura ted  s o l u t i o n  may be t h e  

p re fe r r ed  process,  w i t h  t h e  suspended c r y s t a l s  a c t i n g  

a s  nuclei .  Consequently t h e  p a r t i c l e  s i z e  o f  the  

c r y s t a l s  increases .  T h i s  can be eva lua ted  f r o m  mea- 

surements of  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  the 

suspension (2,8,9,10). 

Dif fe ren t  techniques have been descr ibed  f o r  example, 

t h e  Andreasen p i p e t t e  (9), t h e  Coul te r  Counter (2,8,10) 

or t h e  semi- or f u l l  automatic  p a r t i c l e  s i z e  

determinat ion f r o m  microscopic images (4). However, t h e  

ana lys i s  of  r e p r e s e n t a t i v e  samples f r o m  pharmaceut ical  

(concentrated)  suspensions is more or less an a r b i t r a r y  

procedure. Any pre t rea tment  o f  t h e  suspensions such a s  

shaking, r ed i spe r s ion  etc . ,  a s  w e l l  as t h e  sampling 

l o c a t i o n  in t h e  suspension, a r e  not s tandardized.  

An a l t e r n a t i v e  approach i s  t h e  s tudy  of  c r y s t a l  growth 

on s i n g l e  c r y s t a l s  mounted under t h e  microscope. 

Although t h i s  method i s  an  e l e g a n t  p r i n c i p l e ,  i t  may be 

r e s t r i c t e d  t o  fundamental a spec t s  such a s  t he  

ind iv idua l  growth o f  d i f f e r e n t  c r y s t a l  faces ,  changes 

i n  c r y s t a l  hab i t  etc. It does not account f o r  t h e  

mutual i n f luence  of s o l i d  p a r t i c l e s  i n  r e a l  

suspensions. I n  addi t ion ,  experimental  d i f f i c u l t i e s  

a r i s e  f rom t h e  need f o r  p r o p e r  mounting o f  t h e  c r y s t a l s  
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CONTROL OF CRYSTAL GROWTH IN DRUG SUSPENSIONS. I 2345 

and f r o m  n e c e s s i t y  o f  a c o n s t a n t  and e q u a l  f l o w  o f  t h e  

feeding  s o l u t i o n  around t h e  c r y s t a l  (4,11,12). 

2. Control  o f  s o l u t e  concent ra t ion  i n  t h e  l i q u i d  phase 

Sekikawa (12) proposed c o n t r o l  of c r y s t a l l i z a t i o n  i n  

suspensions by monitoring t h e  concent ra t ion  o f  t h e  drug 

i n  t h e  l i q u i d  phase. I n  a c losed suspension system 

d i s s o l u t i o n  and c r y s t a l l i z a t i o n  must change t h e  

concent ra t ion  of t h e  s o l u t e  i n  t h e  l i q u i d  phase. I n  

t h i s  way c o p r e c i p i t a t i o n  and p a r t i c l e  growth f r o m  

e thano l i c  acetaminophen s o l u t i o n s  have been c o n t r o l l e d  

by i n t e r m i t t a n t  measurement o f  t h e  drug concen t r a t ion  

i n  t h e  superna tan t  l i qu id .  

T h i s  method can, however, be improved by con t inous ly  

c o n t r o l l i n g  t h e  drug concent ra t ion  i n  t h e  l i q u i d  phase 

o f  a suspension both under i so the rma l  and tempera ture  

cyc l ing  condi t ions ,  thereby  s imula t ing  t h e  s t r e s s  on 

s to rage  a t  varying temperatures.  

According t o  Varney (14) t h e  r a t e  o f  c r y s t a l  growth i s  

dependent on a v a r i e t y  o f  parameters. such as t h e  

s o l u b i l i t y  of t h e  d rug  ( i . e .  t h e  s a t u r a t i o n  

concentrat ion)  and t h e i r  temperature  dependence, t h e  

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2346 ZILLER AND RUPPRECHT 

degree o f  supersa tura t ion ,  t h e  temperature  d i f f e r e n c e  

on s to rage  and the  frequence o f  temperature  cycling. 

Any mechanical s t r e s s  such a s  s t i r r i n g  must a l s o  be 

considered. P a r t i c l e s  s m a l l e r  t h a n  1 p m  may 

a d d i t i o n a l l y  e x h i b i t  Ostwald ripening. 

3. Descr ipt ion of  t h e  Suspension Control  Unit 

The c o n t r o l  u n i t  was designed t o  measure drug 

concent ra t ion  i n  t h e  l i q u i d  phase and, s imultaneously.  

t h e  temperature  in t h e  suspension. Depending on t h e  

appl ied  monitor system t h e  concent ra t ion  o f  a d d i t i v e s  

inf luenc ing  t h e  c r y s t a l l i z a t i o n  can also be determined. 

The main elements and t h e i r  func t ion  a r e  shown i n  

F i g  1. A graduated Erlenmayer f l a s k  w i t h  a ground glass 

s topper  (containing connecting passages) i s  used as a 

s t i r r e r  v e s s e l  C11. This conta ins  50-100 m l  o f  t h e  

l i q u i d  phase t o  which t h e  s o l i d  drug i s  added. The 

suspension is t h e n  s t i r r e d  by a magnet ic  s t i r r e r  C21 a t  

ca. 300 RPM d r i v e n  by a magnet ic  w a t e r  t u r b i n e  C41 

(Feddeler,  Essen FRG). S l i d i n g  bear ings can a d j u s t  t h e  

st irrer shank i n  t h e  stopper.  The Erlenmeyer f l a sk  i s  

contained i n  a thermostat  ( temperature  adjustment  

b e t t e r  than  f 0 , I K )  and is  equipped w i t h  hea t  
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FIGURE 1: 

Sysf m f o r  monitoring t h e  drug concent ra t ion  i n  t h e  1 

phase of suspensions during temperature  cyc l ing  
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2348 ZILLER AND RUPPRECHT 

exchangers f o r  hea t ing  and cool ing C3l ( suppl ied  by a 

Braun Frigomix 1496/Thermomix 1480 BKV u n i t  = C Therml 1. 

A Pt-100 sensor  151 connected t o  a Knauer c o n t r o l  u n i t  

CTMl c o n t r o l l s  the temperature in t h e  suspension. 

A c i r c u i t  is then  e s t ab l i shed  t o  c o n t r o l  drug (and/or 

add i t ive )  concentrat ions.  The l i q u i d  phase is 

t r anspor t ed  through Teflon and I s o v e r s i n i c  tubes  by 

means o f  a p e r i s t a l t i c  pump (Gilson Miniplus C81). The 

c i r c u i t  s t a r t s  w i t h  a g l a s s  f r i t  G3 or G 4  t 6 1  t o  t r a p  

course s o l i d  p a r t i c l e s .  The l i q u i d  then  passes  through 

a membrane f i l t e r  (dpore 8 p m ,  c e l l u l o s e  n i t r a t e ,  

S a r t o r i u s )  “71 and a HPLC-septum i n j e c t o r  (Perkin 

Elmer) C91, so a s  t o  remove f i n e  p a r t i c l e s  and bubbles 

before  passing t h e  monitor. The monitors app l i ed  were 

s e l e c t e d  f r o m  HPLC equipment: a d i f f e r e n t i a l  

re f rac tometer  (Knauer), s i n g l e  beam UV 

spectrophotometer (Gilson spectrochrome U, Shimadzu UV 

1 0 2  and UV 100-021, and double beam spectrophotometer  

( U V  21 OA Shimadzu) were used. 

The flow-through c e l l s  i n  t h e  monitor are maintained a t  

temperatures IOK higher  than the  upper l i m i t i n g  

temperature o f  any cyc le  ( thermostats) . In  t h i s  way 

c r y s t a l l i z a t i o n  i n  t h e  cuve t t e s  is avoided. For UV 

measurements quar tz  c e l l s  (1-10 mm) a r e  used (Hellma). 
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CONTROL OF CRYSTAL GROWTH I N  DRUG SUSPENSIONS. I 2349 

The fo l lowing  parameters have t o  be considered when 

s e l e c t i n g  an appropr ia te  monitor: l i n e a r i t y  be t  ween t h e  

s i g n a l  and t h e  drug concent ra t ion  ( c o n t r o l l e d  by 

c a l i b r a t i o n ) ,  t h e  s e n s i t i v i t y ,  t h e  s igna l - to-noise  

r a t i o  and t h e  thermic d r i f t  compensation. Due t o  t h e  

high concent ra t ions  i n  s a t u r a t e d  drug s o l u t i o n s  i t  is  

b e t t e r  t o  measure concent ra t ion  a t  a wave l e n g t h  a p a r t  

f r o m  t h e  absorp t ion  maximum. I n  t h i s  case  t h e  v a l i d i t y  

of  t h e  Lambert-Beer law has t o  be c a r e f u l l y  evaluated. 

Temperature and concent ra t ion  s i g n a l s  are recorded i n  

p a r a l l e l  versus  t ime, a s  i s  demonstrated i n  F ig  2. 

The fo l lowing  c r i t e r i a  a r e  p r e r e q u i s i t e s  f o r  an 

adequate c o n t r o l  o f  a suspension system: 

d i s s o l u t i o n  and c r y s t a l l i s a t i o n  can be d i r e c t l y  

c o n t r o l l e d  by drug concent ra t ion  without d i l u t i o n  

s t eps :  

t h e  r a t e s  o f  dissol .ut ion and c r y s t a l l i z a t i o n  are 

r e l a t i v e l y  high: 

polymorphism and pseudo-polymorphism are excluded: 

i n t e r a c t i o n  between drug c r y s t a l s  and e x c i p i e n t s  

a r e  w e l l  def ined or can be independently 

determined: 

in f luences  on c r y s t a l  growth can be independent ly  

measured by o the r  methods (4-7,11-13). 
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CONTROL OF CRYSTAL GROWTH IN DRUG SUSPENSIONS. I 2351 

4. Design o f  Temperature Cycling 

1-4g of  drug ( p a r t i c l e  s i z e  10 - 50 pm) a r e  necessary 

f o r  one experiment (suspended i n  50-100 m l  l i q u i d  

phase).The experiments a r e  c a r r i e d  out a t  room 

temperature - AT f IOK - according t o  t h e  temperature  

condi t ions  during d i s t r i b u t i o n  and s t o r a g e  o f  drug 

prepara t ion  60 min proved t o  be a reasonable  compromise 

f o r  one temperature  cycle. Considering hea t ing  and 

cool ing  r a t e s .  t h e  l e n g t h  o f  temperature  p l a t e a u  phases 

a t  t h e  upper l i m i t i n g  temperature  ( t o  a t t a i n  

equi l ibr ium) and a cool ing  period, l i m i t e d  t o  30 min. 

5.The Control o f  Crys t a l  Growth  of  Acetaminophen i n  t h e  

Presence o f  PVP 

The func t ion  and s e n s i t i v i t y  o f  t h e  c o n t r o l  u n i t  was 

evaluated by means o f  model s u s p e n s i o n s ,  as  t o  e v a l u a t e  

and p r e d i c t  suspension s t a b i l i t y .  Acetaminophen was 

s e l e c t e d  a s  a drug model and polyvinylpyrrol idone (PVP) 

a s  an e f f e c t i v e  a d d i t i v e  t o  i n h i b i t  c r y s t a l  growth 

(4.12.15). 

I n  F ig  2a/2b d i s s o l u t i o n  and c r y s t a l l i z a t i o n  o f  

acetaminophen i n  aqueous suspensions during temperature  

cyc l ing  a r e  demonstrated. PVPs o f  d i f f e r e n t  molecular 
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2352 ZILLER AND RUPPRECHT 

mass were added t o  t h e  suspensions. I n  t h e  diagrams t h e  

temperature - curve over t h e  hatched a rea  and t h e  

concent ra t ion  o f  t h e  drug i n  t h e  l i q u i d  phase versus  

t h e  t ime a r e  given. Locating marks i n d i c a t e  the po in t s  

of  temperature  reversa l .  The number o f  temperature  

cyc les  a r e  l i s t e d  i n  t h e  column 'Icyc" and t h e  

concent ra t ion  o f  t h e  added PVP i n  the column "conc". 

During the cool ing per iods t h e  r a t e  of c r y s t a l l i z a t i o n  

obviously decreases  w i t h  i nc reas ing  amounts o f  PVP i n  

t h e  suspensions. S i g n i f i c a n t  inf luence8 both on 

d i s s o l u t i o n  and c r y s t a l l i z a t i o n  a r e  exh ib i t ed  by PVP 

K30 ( m o l  mass a 43,000) and PVP K 9 O  ( m o l  mass a 

180,00O)(Fig. 3a). The PVP K l 7  w i t h  i t s  lower molecular 

mass of - 9,000, has only a minor in f luence  on t h e s e  

processes.  

The number of  temperatur  cyc les  a l s o  in f luences  t h e  

e f f ec t iveness  of  PVP. S t a r t i n g  w i t h  t h e  4th cycle ,  

supersa tura ted  s o l u t i o n s  a r e  obtained during t h e  

d i s s o l u t i o n  per iod ( r e l a t e d  t o  t h e  s o l u b i l i t y  a t  t h e  

upper l i m i t i n g  temperature). The concent ra t ion  passes  

through a maximum a f t e r  8-1 0 min, t h e n  d e c l i n e s  t o  t h e  

s a t u r a t i o n  concentration. Simultaneously t h e  i n h i b i t i n g  

a c t i o n  on c r y s t a l l i z a t i o n  ( a t  t h e  l o w e r  l i m i t i n g  

temperature) appears more pronounced, and 

supersa tura ted  suspensions a r e  s t a b i l i z e d  over  s e v e r a l  
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2354 ZILLER AND RUPPRECHT 

hours, T h i s  is a l s o  demonstrated by temperature  cyc l ing  

a t  constant  concentrat ions o f  PVP a f t e r  t h e  second 

cyc le  ( 5  mg/lOO m l  PVP K9O) [ F i g  3bl. Only a small 

decrease i n  concentrat ion i s  observed during repea ted  

cool ing periods. 

I n  Fig 4 acetaminophen concent ra t ions  a r e  shown, 

obtained during t h e  cool ing per iods o f  temperature  

cyc l ing  a f t e r  1 0  and 25 min, respec t ive ly .  They a r e  

cont ras ted  w i t h  t h e  i n c r e a s i n g  amounts o f  PVP K l ?  and 

PVP K 9 O  (semilogari thmic p l o t )  added t o  t h e  system. An 

e f f e c t i v e  i n h i b i t i o n  o f  c r y s t a l l i z a t i o n  i s  i n d i c a t e d  by 

high drug concentrat ions i n  t h e  supernatant  a t  low PVP 

concentrat ions and by a smal l  d i f f e r e n c e  be tween t h e  

concent ra t ion  curves a t  10 min and 25 min. It is thus  

confirmed t h a t  PVP K 90 is a potent  c r y s t a l l i z a t i o n  

i n h i b i t o r .  With inc reas ing  frequency o f  temperature  

cyc l ing  t h e  i n h i b i t i n g  a c t i o n  of  PVP K 9 O  is reduced t o  

a f a i r l y  cons tan t  l eve l ,  even a f t e r  a f u r t h e r  i n c r e a s e  

o f  polymer concent ra t ion  ( i d e n t i c a l  values  were 

obtained by PVP K 30. not shown i n  t h i s  diagram). 

From t h e s e  experiments i t  is concluded t h a t  

approximately 3mg PVP (= 30 ppm) K30 or K g O  i s  t h e  m o s t  

e f f e c t i v e  amount of  polymer t o  i n h i b i t e  t h e  

c r y s t a l l i z a t i o n  of acetaminophen i n  suspensions. 
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_ . - . - .  -.-.-.-.- cS AT 25,30c. -.- .-.- .- ._ 
[ U P P E R  T E M P E R A T U R E  L I M I T ]  

4 L  /- 

d 

0 0  PVP K17 

A A  P V P K 9 0  

- -&o- -  A F T E R  10 MIN. 
-cC- A F T E R  25 MIN. 

I 
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/ 
/ 

MIN. COOLING*-.- .- 
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FIGURE 4: 

Temperature c y c l i n g  i n  aqueous acetaminophen 

suspensions. Drug concentration i n  the supernatant 

l i q u i d  phase i n  the presence o f  

o PVP K l 7 ,  1 0  min 0- 0 PVP Kl7, 25min 

A PVP KqO,  1 0  min A - A PVP KqO,  25 min 

0 --- 
A _ _ _  
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ZILLER AND RUPPRECHT 2356 

4-nitroacetanilide was introduced for comparsion as a 

drug model. The stucture of this molecule differs in 

the para-position to the acetamino groups (i.9. the OH 

group is replaced by a nitro group). In this way the 

influence of single functional groups on drug 

crystallization in the presence of PVP can be evaluated 

(Fig 5 ) .  The inhibitory effect of PVP K30 on the 

crystallization of 4-nitroacetanilide appears to be 

smaller, compared with acetaminophen. However, BSA, a 

polymer of the proteintype is also effective in crystal 

growth inhibition of 4-nitroacetanilide at 

concentration of 20 mg/100 ml (= 200 ppm). This may be 

due to the inability of the nitro group to form 

hydrogen bonds as a donor, leading to weaker 

interactions with PVP. 

7. Influence of low molecular pyrrolidones. bovine serum 

albumin and surfactants on acetaminophen crystallisation 

7.1. Addition of I-methylpyrrolidone and piracetam 

The crystallization of acetaminophen during the cooling 

period in temperature cycling is not significantly 

influence by either I-methylpyrrolidone or piracetam 

[Fig 61. Both SUbstanC96 are compounds of similar 
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(CYC 
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1 

FIGURE 5: 

Temperature cyc l ing  i n  aqueous 4 -n i t roace tan i l i de -  

suspensions (100 m l ,  3%), .  A d d i t i v e s  PVP K30 and BSA 

s t r u c t u r e  as t h e  pyrrol idone monomers. Even r e l a t i v e l y  

high concent ra t ions  of  t hese  a d d i t i v e s  (compared w i t h  

PVP) are i ne f f ec t ive .  During t h e  t h i r d  cyc le  PVP K30 

was added, and was f u l l y  e f f e c t i v e  even i n  t h e  presence 

of  b o t h  addi t ives .  These experiments confirm t h e  

r e s u l t s  obtained by Metha (11). He repor ted  t h a t  
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FIGURE 6:  

Temperature cycling in aqueous acetaminophen 

suspensions (50 ml, 3%) 

piracetam and I-methylpyrrolidone, respectively added 

in the second cycle 
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CONTROL OF CRYSTAL GROWTH IN DRUG SUSPENSIONS. I 2359 

vinylpyrrolidone does not influence the crystallization 

of sulfathiazole, which is also a low molecular mass 

compound of similar structure. A specific influence of 

the pyrrolidone ring system on the protective action of 

PVP can, therefore, be ruled out. 

7.2. Addition of BSA 

Bovine serum albumin (BSA) was selected as an example 

of a polymer which shows strong interactions with a 

great number of drugs in aqueous solution (15-19). In 

Fig7 the influence of BSA onacetaminophen 

concentration in the liquid bulk phase during 

temperature cycling of the suspension is given. This 

polymer inhibits the crystallization of acetaminophen 

to the same extent as PVP. 

7.3. Combinations of PVP and surfactants 

Surfactants are reported to influence crystallization 

by adsorption and solubilization effects 

(2,9,10,21,22). They are also widely used in suspension 

formulations as wetting agents and preservatives (23). 

We studied their possible interference with both the 

inhibiting polymer (24) and the crystal surfaces during 
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FIGURE 7: 

Temperature cycling in aqueous acetaminophen 

suspensions in the presence of BSA ( 5 0  ml, 3%) 

temperature cycling experiments with acetaminophen 

suspensions.The crystallization of acetaminophen is not 

influenced by the nonionic polyoxyethylene- 

polypropylene copolymer Pluronic B68. 
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2361 CONTROL OF CRYSTAL GROWTH IN DRUG SUSPENSIONS. I 

In combination with PVP Kl7 the rate of crystallization is 

onlyslightly increased by the presence of the surfactant 

(Fig. 8 ) .  

The nonionic PEG-IO-oleylether and hexadecylpyridinium 

cations both reduce the inhibiting effect of PVP on 

crystallization (Fig. 9a and b). These surfactants are 

reported to exhibit no significant interactions with 

PVP in solution (25 ,26 ) ,  although they may be adsorbed 

to the crystal surfaces of the drug. In this way they 

can disturb the structure of the protective polymer at 

the crystal surface. 

Hexadecylsulfate, however, neutralizes the protective 

action of PVP on acetaminophen crystallization almost 

completely (Fig 9b). This anionic surfactant 

aggregates with PVP in the aqueous phase (27), thus 

preventing the PVP from establishing protective layers 

on the drug crystals. 

DISCUSSION 

Specific and strong interactions between functional 

groups of the drug and a polymer are obviously a 

necessary, but not a sufficient, prerequisite to 

inhibit the crystallization from supersaturated 

solutions in drug suspensions. This is demonstrated by 
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FIGURE 8: 

Temperature c y c l i n g  i n  aqueous acetaminophen suspens ion 

( 5 0  ml, 3%) i n  t h e  presence of  PVP K l 7  and pluronic  F 6 8  

the  low molecular pyrrolidone compounds, which are more 

or less i n e f f e c t i v e  i n  in f luenc ing  C r y s t a l l i z a t i o n .  The 

second, e s s e n t i a l  property of  a p r o t e c t i v e  substance 

seems t o  be t h e  f o r m a t i o n  o f  a n p o l y m e r  a d s o r b a t e  on 

the  surface  o f  t h e  drug c r y s t a l s .  This impedes t h e  
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FIGURE 9: 

Temperature c y c l i n g  i n  aqueous acetaminophen 

suspensions (50 ml, 3%) i n  the presence of mixtures of 

PVP K30 (20 mg/100 ml) wi th  

a) PEG( 1O)oleylether 

b) hexadecylpyridinium chloride and sodium 

hexadecylsulf ate ,  r e s p e c t i v e l y  
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FIGURE 10: 

Adsorption of PVP (14C-K19/K17 1:50) onto 

acetaminophen8 crystals 

approach of drug molecules from solution onto free 

spaces of the crystal lattice. 

In the series of pyrrolidone compounds applied t o  

acetaminophen suspensions only the high molecular mass 

polymers (PVP K3O, PVP K9O) show a pronounced 

protective action. The adsorption of PVP Kl7 on 

acetaminophen crystals is shown in Fig. 10. The 
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CONTROL OF CRYSTAL GROWTH IN DRUG SUSPENSIONS. I 2365 

Langmuirian na ture  of t h e  isotherm i n d i c a t e s  t h a t  t h e  

adsorp t ion  i s  r eve r s ib l e ,  i n  c o n t r a s t  t o  t h e  high 

molecular mass polymers.  It can  be imagined  t h a t  

t h e  s t r u c t u r e s  o f  PVP (and BSA) adsorbates  formed on 

acetaminophen f r o m  t h e  "good" so lvent  water  ( 2 8 )  a r e  

respons ib le  f o r  t h e  C r y s t a l l i z a t i o n - i n h i b i t i n g  e f f e c t .  

The polymer i s  h y d r a t e d  t o  a g r e a t  e x t e n t  i n  t h e  

adsorbate  and a t t a c h e d  t o  t h e  c r y s t a l  s u r f a c e  by s o m e  

segments - s o  c a l l e d  t r a i n s  (Fig. 11). Water molecules 

remain. t he re f  ore, i n  permanent contac t  w i t h  t h e  

c r y s t a l  surface.  On r a i s i n g  t h e  temperature  t h e  

d i s s o l u t i o n  process can s t a r t  immediately and drug 

molecules d isso lved  f r o m  t h e  c r y s t a l  can d i f f u s e  

through t h e  adsorbate  i n t o  t h e  bulk l i q u i d  phase. 

The i n h i b i t i n g  a c t i o n  o f  PVP on c r y s t a l l i s a t i o n  i s  

presumably a k i n e t i c  e f f e c t .  PVP i n h i b i t s  t h e  

in t roduc t ion  of  drug molecules f r o m  s o l u t i o n  i n t o  t h e  

c r y s t a l  l a t t i c e  by occupying t h e  adsorp t ion  s i t e s  which 

a r e  a l s o  f r e e  l a t t i c e  s i t e s .  The adsorp t ion  o f  polymers 

onto s o l i d s  i s  known t o  become p rogres s ive ly  more 

i r r e v e r s i b l e  w i t h  i nc reas ing  cha in  l e n g t h  (28). T h i s  i s  

a l s o  t h e  case  i f  only weak or medium adsorp t ion  f o r c e s  

a r e  present  on a s i n g l e  adsorpt ion s i t e .  F o r  t h e  

desorp t ion  o f  a polymer molecule t h e  a c t i v a t i o n  energy 

o f  desorp t ion  must be s imultaneously achieved f o r  every 
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2366 ZILLER AND RUPPRECHT 

Dissolution and Crystallization 

in the Presence of an Adsorbed Polymer 

. .  . 

* .  

temperature 

increase decrease 

- drug solubility + 
polymer adsorption ( - 1  ( + I  
polymer solvation ( - )  ( + I  

Consequences 

dissolution by water 

molecules in contact 

between adsorbed poly- 

iiier molecules crystal sites 

crystal growth inhibited: 
adsorbed polymer must 

be replaced from active 

FIGURE 11: 

Schematic s k e t c h  of  t h e  polymer adsorbate on a drug 

c r y s t a l  and the influence of temperature cyc l ing  on the  

adsorbate 

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
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s i n g l e  con tac t  point.  I n  acetaminophen suspension only 

a gradual  replacement o f  polymer con tac t  s i tes on the  

c r y s t a l s  by drug molecules i s  envisaged. The adsorbed 

polymer may f o r m  a mechanical barr ier  a g a i n s t  

c r y s t a l l i z a t i o n  which has inc reas ing  p r o t e c t i v e  a c t i o n  

by i n c r e a s i n g  t h e  polymer cha in  l e n g t h  and, 

consequently,  t h e  i r r e v e r s i b l e  na tu re  of adsorpt ion.  

When applying t h i s  method t o  suspensions o f  drugs which 

f o r m  polymorphs or pseudo-polymorphs i t  must be 

considered t h a t  t h e  m o r e  s t a b l e  c r y s t a l  f o r m  may be 

formed as w e l l  a s  d i f f e r e n t  c r y s t a l  habi t s .  T h i s  could 

in f luence  the  r e s u l t s  o f  t h e  temperature  c y c l i n g  

experiments. 

The me thod  we p r e s e n t e d  i n  t h i s  p a p e r  may be a u s e f u l  

t o o l  t o  detect  and c h a r a c t e r i z e  t he  in f luence  o f  

a d d i t i v e s  on drug c r y s t a l l i z a t i o n  i n  suspensions.  Even 

very s m a l l  amounts - i n  the  ppm range - show t h e i r  

p r o t e c t i v e  act ion.  It may s u c c e s f u l l y  be app l i ed  i n  t h e  

opt imiza t ion  o f  suspension s t a b i l i t y  and i n  the  c o n t r o l  

of  these dosage forms.  
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