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2 3 2 6  TENG, ALKAN, AND GROVES 

t a b l e t  matrix. I n  addi t ion ,  i t  provides an inexpensive model of albuniinoid 

pro te ins  obtaiticd from other  natural  sources slrch as s e r m  of variolrs s r e c i e s  

Gravimetric measurement o f  u a t e r  adsorpt ion demonstrated t h e  capaci ty  o f  

soy proteir, t o  equi l i t r a t e  a t  var ious water concectrat ions when exposed t o  

d i f f e r e n t  r e l a t i v e  humidities over a range of 15 - 80% R . H .  

Ilixttirts ( 1 : 4 )  c f  quinacrinc dihydrochloride and SOY protein powders were 

exposed t o  various r e l a t i v e  humidities and compressed i n t o  matr ices  under 

s taadardized condi t icns  over a ran7c of pressures from FO t c  230 t:Pa. 

The protein compacts were d i r e c t l y  a f fec ted  by the  i n i t i a l  water level  of 

t h e  pokidcr, bcins s t r o n y r  cnc: nore rcadi ly  cccipressec h i t l ,  ir.creased i ra te r  

adsorpt ion.  Altbough lob water l e v e l s ,  ~ 5 1 %  RH, reslrlted i n  r e l a t i v e l y  

lcoseiy ccnqxcteri mtr i c e s ,  surpr i s ing ly  t h e  drG9 re lease  r a t e s  i n t o  h a t e r  a t  

3 7 O C  were somewhat slower. This unexpected r e s u l t  may be a t t r i b u t e d  t o  

changes producec; i n  t h c  p o r t  s t r l rc ture  o f  t l i e  c o q a c t s  t y  the  soy prcteiti 

swelling under these condi t ions.  

I NTRODUCTI OH 

Soy protein i s  used a s  an ubiquitous food addi t ive  and i s  a major source 

of vegetable prc te in .  

t a b l e t  excipient  s ince preliminary experiments have show t h a t  i t  i s  readi ly  

coniprcssible. I n  s d d i t i c n ,  S G ~  protcin provides an  inexpensible ncdcl o f  

albuminoid pro te ins  obtained from other  natural  sources. 

I t  i s  thcught t h a t  soy protein may a l s o  be used a s  a 

The water vapcr s o r p t i o r ,  p rcper t ies  cf SGIW t a b l e t  exc ip icn ts  have been 

inves t iga ted  and no apparent d i f fe rence  i n  t h e  mechanism cf sorpt ion between 

var ious s ta rc t tes  and c e l l u l o s e s  here found . These i n v e s t i g a t o r s  suggested 

t h a t  h a t e r  sorbed t o  these  polymeric mater ia l s  may rrost l i k e l y  e x i s t  i n  a t  

l e a s t  t h r e e  s t a t e s :  t i g h t l y  bound; less t i g h t l y  hound; and bulk water. 

1 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



COMPACTED MATRICES 01: SOY P R O T E I N  2 3 2 7  

7-5 Ct,o\.hafi a n d  e t  a l .  

crusb,ivS s t rengt l , ,  f r i a b i l i t y ,  and i n  v i t r o  d isso lu t ion  in  compressed t a b l e t s  

mace f r c r  zranlrles. 

discussed the  i n t e r r e l a t i o n s h p s  between m i s t u r e ,  

tiative (Lmknatured) ctiniwrcial C G ~  prctein i s o l a t e  i c  t . k  form o f  

pokider may have t h e  a b i l i t y  t c  adsorb water vapGr or; t h e  surface,  and 

condensed water then mdy a c t  as  binder durir;S a conpressinc; process. 

purpose of t h i s  s t u d y  i s  t o  inves t iga te  t h e  wat'er v a p o r  sorpt ion propert ies  o f  

soy protein i s o l a t e  ( r i t k e r  in  tt!e form of powd'er or compact) a n @  t o  determine 

the e f f e c t  of i n i t i a l  surface water level on  d i r e c t  compaction prloperties and  

d i ssc lu t ion  behavior of quiriacrine di hydrochloride 

from d i r e c t l y  cocpressed matr ices  cf soy protei  n iSClate. 

The 

FXTE R I A L  S AND ECU I PI !Et!T 

Soy protein i s o l a t e ,  Ardex-RR, A C E ,  CtticaSo, IL .  

10 wm (by opt ica l  microscope). 

L i t I. ii UEI c h 1 o r i  de , F i s licr Sc i en t i f i c C ov pany . 
Calcium chlor ide dihydrate ,  USP, Fine granulate8d, Fisher  S c i e n t i f i c  

Company. 

C a 1 c i uni n i t r a t e t e  t r a  tigd r a  t f , S i ~ i n a  C herr:i c a 1 C cin pany . 
Sodium n i t r i t e ,  c r y s t a l ,  c e r t i f i e d  A . C . S . ,  Fisher  S c i e n t i f i c  Company. 

Ammonium chlcr ide ,  c c r t i f i e t i  A.C.:. , Fishcr  S c i e n t i f i c  Coapany. 

Carver Laboratory Press ,  Fred S.  Carvcr Inc . ,  U.S.A.,  node1 2702.  

Cuinacrine dihydrcchlcridc hydrate, Aldrich Cheinical Company, Inc . ,  

Average p a r t i c l e  s i z e  1 0 p m  (by opt ica l  microscolpe). 

Vanderkacip GC0, Six spir?dle  U.S.P. dissc lu t ion  t e s t e r  ccrinected k i t k  a 

Van-kel c i r c u l a t o r  2500 and  a n  auto-sampling dr-iving pump. Van-kel 

Indus t r ies ,  Inc . ,  Ll.5.k. 

Perkin-Elner Lantda 3B lW/VIS spectrophotcneter, 3600 data  s ta t ior ; ,  and 

6€G printer. Perkin-Eliwr, U.S.P,. 

Erweka hardness t e s t c r ,  Erxeka-App?ratekaL, West Germany. 

Average p a r t i c l e  s i i e  
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2328 T E N G ,  A L K A N ,  AND G R O V E S  

Water Vapor Adsorp t i on :  Des icca to rs  were p r e e q u i l i b r a t e d  w i t h  s a t u r a t e d  

s a l t  s o l u t i o n s  o f  l i t h i l an i  c h l o r i d e ,  ca l c iu r ;  c h l o r i d e ,  ca l c i l jm  n i t r a t e ,  sodium 

n i t r i t e ,  and ammcnium c h l o r i d e  t o  g i v e  r e l a t i v e  h u m i d i t i e s  o f  15%, 31%, 51%, 

66%, and 8C% r e s p e c t i v e l y .  Each d e s i c c a t o r  con ta ined  t h o  aluminum d ishes  

(d iamete r  4.5 cm). One d i s h  con ta ined  500 mg of soy p r o t e i n  i s o l a t e  powder 

arid t h e  o t h e r  con ta ined  a 1.28 cm d iameter ,  COG mg, f l a t - f a c e d  soy p r o t e i n  

i s o l a t e  t a b l e t ,  compressed a t  170 !:Pa and ma in ta ined  a t  t h e  same p ressu re  f o r  

3C seconds. 

d i shes  weighed t w i c e  a day u n t i l  e q u i l i b r i u m  was reached. 

The d e s i c c a t o r s  were s t o r e d  a t  rcom tempera ture  o f  21*2*C and t h e  

D i s s c l u t i c n :  72 s G f  soy p r o t e i f i  i s o l a t e  poweer was oiixec! w i t t i  1 C  5 o f  

q u i n a c r i n e  hyd roch lo r i de .  The m i x t u r e  was spread even ly  i n  s i x  round p l a s t i c  

d i shes  o f  d iameter  €'.& chi, 15 g each, and i n d i v i d b a l l y  kep t  i n  d e s i c c a t o r s  c f  

known h u m i d i t i e s  o f  15%, 31%, 51%, 66% and 801, a t  room tempera ture  ( 2 1 * Z 0 C )  

f o r  f o u r  days. 

T a b l e t s  (5C0 ris! \+ere prepared by d i r e c t l y  compressing t h e  Fowder m i x t u r e s  

c o n t a i  n i  ng d i f f e r e n t  l e v e l s  o f  adsorbed water ,  as descr ibed,  and a p p l y i n g  s i x  

d i f f e r e n t  compression pressures  rang ing  from 60 k!Pa t o  230 MPa f o r  3C seccnds. 

Immedia te ly  a f t e r  t h e  t a b l e t s  were prepared, t h e  t h i c k n e s s  and t h e  d i s s o l u t i o n  

behavi  c r  wcre de termi  ned. 

D i s s o l u t i o n  t e s t s  were per fo rmed f o l l o w i n g  t h e  USP X X I  s p e c i f i e d  

d i s s o l u t i o n  method 11. 

rpm and 37*0.5'C r e s p e c t i v e l y .  

d i s s o l u t i o n  i:iediun:. S i x  d i s s o l u t i o n  t c s t s  were r u n  s imu l taneous ly .  Samples 

were taken  a u t o m a t i c a l l y ,  c a r r i e d  th rough  TygonTr' t u b i n g  f rom t h e  d i s s o l u t i o n  

vesse ls  t o  f l w - t h r o u g h  c e l l s  i n  t h e  spec t rophotometer  and back t o  t h e  

d i s s o l u t i o n  vesse ls  by a pump. Assays h e r e  c a r r i e d  o u t  a u t o m a t i c a l l y  a t  a 

waveler icth o f  425 nrc. 

The s t i r r i n g  r a t e  ano tempera ture  h e r e  s e t  up t o  5@*1 

D i s t i l l e d  wa te r  (1L )  was employed as t h e  D
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COMPACTED MATRICES OF SOY PROTEIN 

% Disso lved  
I 

100 

50 

0 

y- 
i 

2 3 2 9  

15 

FIGURE 1 

30 

Dissolut ion Time (min) 

General Form o f  Computer - generated Ci sso lu t i  on Curve 

k General Fcrir, c f  the  ccniptiter-senerated disso!uticn curve i s  shown in 

FiGure 1 .  Lag times and d isso lu t ion  r a t e s  were detemined from t h e  l i n e a r  

port ions c f  the  CiJrves, the  forner  beins tt?e X-intercept a;nd the  ' l a t te r  beins 

the  slope. 

Hardness t e s t s :  Takle t j  f o r  hardness t e s t s  here prcpared ir; the same 

manner a s  described (ibove. f;easurements were made w i t h  the  Crweka hardness 

t e s t e r  irnmediate1;y a r t e r  t d b l e t s  were made, usins; thc average o f  th ree  rurs .  

RESULTS AM0 DISCUSS= 

Water vapcjr adsorpt,ion curves o f  soy prcteiii i s o l a t e  powder a n d  compacted 

matriccs a r c  s k k n  i n  Fisure. 2 .  Kctti pckckl '  arid compactcc izatr ices  cf  scy 
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2330 TENG , ALKAN , AND GROVES 
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FIGURE 2 

\!titer Vapor Adsorption Isotherms of soy Protein I s o l a t e  Powder and Tablet 

protein i s o l a t e  showed s imi la r  types o f  adsorption behavior i n i t i a l l y ,  

6 , 7  ind ica t ing  c a p i l l a r y  condensation . 

Adsorbed surface m t e r  nay a c t  a s  a binder 6i i r i r :g  the  compressicn 

process. Powders w i t h  higher i n i t i a l  surface water leve ls  should have improved 

bindins ,  r e s u l t i n g  i n  a decrease i n  t a b l e t  volume and ar; increase i n  s t rens th .  

This idea i s  supported by t h e  r e s b l t s  shown i n  Figure 3 ,  and Table 1. 

I n  o ther  words, i n t e r p a r t i c u l a r  spaces decreased a s  i n i t i a l  surface water 

increased even thcugh the s m e  compressicn pressure was employed. Figure 3 

a l s o  ind ica tes  a d i r e c t  re la t ionship  between t h e  t a b l e t  thickness  (comprcssi- 

b i l i t y )  and i n i t i a l  sur face  water ccntent .  The s lopes cf t h e  l i n e s  were 
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COMPACTED MATRICES OF SOY PROTEIN 2331 

Compression Pressures 

0 6 2 . 7  MPa 

@ 90 .0  MPa 

1-J 126..7 MPA 

(3 1 5 9 . 3  MPa 

~3c 193..1 MPa 

229. .2  MPa 

1 r- 
50 1 oo 

Relat ive Humidity ( % )  

FIGURE 3 

Effect  of Aasorbcd Water ct: Compressibility c?f Cuinacrine/:ky Prc te in  I s o l a t e  

Tablets 

grea te r  a t  low ccmpression pressures (5 130 W a l ,  which may be an ind ica t icn  of  

lowered compressibi l i ty  o f  t h e  powder mixture with a lower level o f  adsorbed 

water. A s  binding improves, harder matr ices  a r e  produced, l a b l e  1. 

Similar  r e s u l t s  s e r e  found by Nystrom and Glazer* with polyvinylp,yrrolidone 

hrhich had a b e t t e r  t i n d i n s  e f f e c t  during t h e  d i r e c t  compression process. 

e f f e c t  was a t t r i b u t e d  t o  the  hygroscopic nature o f  polyvinylpyrrolidone, 

T h i s  
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2332  TENG , ALKAN, AND GROVES 

TABLE 1 

EFFECT OF A D S O R B E D  WATER ANC CORPRESSION PRESSURE OM 

TAELET HARENESS 

Force required t o  break the tab le tA(N)  
Compression Pressure- W a )  

Relat ive Humidity (%)  66.1 95.3 129.7 162.7 192.2 224.1 

15 4.4 31.5 58.5 /1.4 81.6 105 
31 4.9 21.3 59.3 87.8 101 118 
51 28.7 66.4 76.8 133 109 >147 
66 77.5 132 144 >147 >147 >147 
e0 130 143 >147 >147 >147 >147 

*Average compression pressure.  
AFOrCe g r e a t e r  than 147 N could not be measured. 

lead ins  t o  an increased number of l iqu id  bridges i n  t h e  compacts. 

Pi lpel '  a l s o  studied t h e  e f f e c t  of moisture (pre-ex is t ing  i n  t h e  granules)  

on t a b l e t  s t rengths .  

t h a n  t a b l e t s  made of x i x t u r e s  without addi t ional  moisture. 

Bangudu and 

Tablets  made o f  mixtures h i t h  2-4% of water were s t ronger  

W i t h  t h e  sarlie i n i t i a l  sur face  water content ,  an increase i n  conipression 

pressure decreases t h e  i n t e r p a r t i c u l a r  volume, r e s u l t i n g  i n  th inner  compacted 

matr ices  unt i l  a l imi t ing  volume was reached, Figure 4 .  Loosely compacted beds 

were weaker, Table 1. 

Tliere i s  a general tendency f o r  the  d isso lu t ion  lag  time t o  ipcrease  with 

increased compression pressures ,  Figure 5 .  T h i s  was t r u e  f o r  a l l  i n i t i a i  

surface water leve ls .  However, t h e  t rend was n o t  the  same i n  a l l  cases  s ince 

t h e  i n i t i a l  increase  has  much sharper a t  higher water leve ls .  Lag times vary 

according t o  the  i n i t i a l  r a t e  o f  l iqu id  penetratiofi i n t o  the  ccmpacted Katr ix .  

The l iqu id  penetrat ion r a t e  i s  dependent upon  pore s i z e  of the matrix and 
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COMPACTED MATRICES 3F SOY PROTEIN 2333 

?. 

Precanpression Storage Humidities 

0 15% RH 

0 31% R H  

51% RH 

Y 66% RH 

80% RH 

I 
1 do 200 

Compression Pressure (MPa) 

FIGURE 4 

Effec t  c f  Ccmpression Fressure CI: Ccvpress ib i l i ty  o f  Puinacrine/Soq Prctein 

I s o l a t e  Tablets 

w e t t a b i l i t y  o f  the s o l i d  surface Ly the  penetrat ing l iqu id l0 ' l1 .  

stucy compacts ' w i t i f .  l ower  i c i t i a l  scrface hater content shcred :il-orter l a 5  

times wider sirnilair conipressicnal condi t ions.  This may indica tc  t h a t  the  pcre 

s i z e  i s  a Zorrinant parase te r  coritrollirig t h c  . i r , i t ia l  penetrat icn r a t e  o f  water 

i n t o  the  compacts. 

I r :  t h i s  

t!igtier cor:ipres,jicr: pressures caL;5e par t ic ' les  t G  bind m r e  s t r o n s l y ,  thus 

decreasing t h e  d isso lu t ion  r a t e  o f  druss from compacts. This w a s  only observed 
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F I G U R E  5 

Effec t  of Adsorbed Kater and Compression Pressure cn Dissolut icn La5 T i m  

in t h e  present  study i n  t a b l e t s  made a t  humidities higher than 50% F H .  A t  

lower humidity l e v e l s ,  t h e  d i s s c l u t i o n  r a t e s  i n i t i a l l y  increased w i t h  increas-  

ing compression presskre,  reacttec' a maximun: and then decreased, F isure  E. 

Similar  r e s u l t s  were found by Ganderton e t  a1.I2 from a study of t h e  

d i s s c l u t i o n  r a t e  of phcnindione t a b l e t s  prepared by wet granulat ion.  

Ihrahici a l s o  observed an increase  i n  d isso lu t ion  r a t e  u i t h  increased 

compressional force .  

employed atid tk:e increase i n  d i sso lu t ion  r a t e  was due t o  an .increase i n  

e f f e c t i v e  surface a rea .  In t h i s  study, no granulat ion was employed. The 

i n i t i a l  increase  i n  d isso lu t ion  r a t e  with an increase  i n  compression pressure 

may be explained by t h e  swelling proper t ies  o f  soy proteins .  A t  low pressure 

t h e r e  was enoush space between p a r t i c l e s  t o  accoinodate t h e  swel l ing.  

13 

However, i n  bctti of those s t u d i e s ,  wet granulat ion was 

The 
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FIGURE 6 

Effect  of  Adsorbed Water and Compression Pressure on Dissolution Rate 

t a b l e t s  d i d  n o t  tberefore  d i s i n t e g r a t e  t o  t h e i r  primary p a r t i c l e s  although 

t h i s  occurs a t  hicher compression pressures .  

t h i s  area.  

Fhrther s tud ies  a r e  required ir: 

C CNCLUS I ON 

This study show t h a t  soy protein i s o l a t e  can be employed as  an 

inexpensive excipient  ( f i  I le r /b inder )  i n  t a b l e t  manufacturing by d i r e c t  

compression s ince the compacted matr ices  a r e  r e l a t i v e l y  strong and re lease  the  

d r u g  quickly. This study ind ica tes  t h a t  scy protein i s o l a t e  adsorbs water 

vapor from t h e  atmosphere which may cause some s t a b i l i t y  problems. Soy 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2336 T E N G ,  ALKAN, AND GROVES 

p r o t e i n  e i t h e r  as a pokder o r  i n  t k e  compressed fo rm shou ld  be s t o r e d  under 

c o n t r o l l e d  h u m i d i t y  c o n d i t i o n s .  

f rom t h e  same ba tch  o f  soy p r o t e i r ,  i s o l a t e ,  b u t  s to red  a t  d i f f e r e n t  h u m i d i t y  

l e v e l s  w i l l  posses d i f f e r e n t  p h y s i c a l  p r o p e r t i e s ,  d i r e c t l y  a f f e c t i n g  t h e  

d i s s o l u t i o n  p r o f i l e s  o f  i n c c r p o r a t e d  drug. 

T a b l e t s  p repared under s i m i l a r  c o n d i t i o n s  
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