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PERMEATION (EVERTED RAT INTESTINE ) AN11 
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K.M.O'Driscol1 and 0. I[-Corr igan 
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T r i n i t y  C o l l e g e ,  18 Shrewsbury Road,Dublin 4 
Republic  of I r e l a n d .  

ABSTRACT 

The permeat ion of c h l o r o t h i a z i d e  th rouqh  t h e  i n  v i t r o  

e v e r t e d  r a t  i n t e s t i n e  was i n v e s t i g a t e d  from d i l u t e  , 
s a t u r a t e d  and s u p e r s a t u r a t e d  s o l u t i o n s  i n  t h e  p re sence  

and absence of PVP. Although c h l o r o t h i a z i d e  c l e a r a n c e  

was lower t h a n  t h a t  of e i t h e r  h y d r o c h l o r o t h i a z i d e  or 

s a l i c y l i c  a c i d ,  t h e  h i g h  dose t o  s o l u b i l i . t y  r a t . i o  r a t h e r  

t h a n  e x c e s s i v e  membrane impermeab i l i t y ,  seemed t h e  pr imary 

f a c t o r  l i m i t i n g  c h l o r o t h i a z i d e  a b s o r p t i o n .  Reduced 

c h l o r o t h i a z i d e  membrane t r a n s p o r t  :Erom d i  1ut.e s o l u t i o n s  

c o n t a i n i n g  PVP and enhanced d i s s o l u t i o n  from a druy:PVP 

( 1 : 2 )  mechanical  mixiire w e r e  observed and cou ld  be 

e x p l a i n e d  by t h e  fo rma t ion  of a s o l u b l e  complex in 

s o l u t i o n .  C h l o r o t h i a z i d e  t r a n s p o  

s u p e r s a t u r a t e d  r e l a t i v e  t o  c r y s t a l  

t r a t e s ,  from systems 

i n e  c h l o r - o t h i a z i d e ,  

*Based on a pape r  p r e s e n t e d  a t  t h e  1st European Congress 

of Biopharmaceut ics  and Pha rmacok ine t i c s .  

Clermont-Ferrand, A p r i l ,  1981. 
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548 O‘DRISCOLL AND CORRIGAN 

were enhanced in the presence of PVP. 

with increased dissolution from a chlorothiazide:PW(1:2) 

coprecipitate were consistent with the ability of PVP to 

inhibit drug crystallization. 

This effect together 

INTRODUCTION 

The diuretic chlorothiazide is incompletely absorbed 

following oral administrationlF2 1 3 .  

absorption has been shown to be dose dependent in man 

following administration in solution3, and in dogs4, the 

proportion absorbed decreased as the dose increased. 

Reasons proposed for the limited absorption of chloro- 

thiazide include: poor drug partitioning properties 

resulting in low permeability of the gastrointestinal 

membrane to the drug , dependence of absorption on a site 
specific and apparently saturable absorption process 

and, in the case of solid dosage forms, slow dissolution 

of the drug due to a high oral dose to solubility ratio 

at the intestinal absorption site4, or in the case of 

solutions precipitation of the drug . If the poor 

absorption of chlorothiazide is solubility related then 

agents which increase drug dissolution or inhibit crystal 

growth should enhance drug absorption. The water 

soluble polymer polyvinylpyrrolidone (PVP) can inhibit 

drug crystal g r ~ w t h ~ ’ ” ~  and crystallization . 
also enhance dissolution both by forming high energy drug 

forms in coprecipitate systems lo’ll and by forming soluble 

complexes in solution. Furthermore, enhanced drug 

membrane transport using such high energy drug forms has 

In addition 

5 

2 

4 

2 

9 It can 
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CHLOROTHIAZIDE-PVP INTERACTIONS 

1 2  been r epor t ed  . The a b i l i t y  t o  form complexes may 

however have an i n h i b i t o r y  e f f e c t  on membrane 

t r a n s p o r t  arid hence r e t a r d  drug absorp t ion  . The 

purpose of t h e  p re sen t  i n v e s t i g a t i o n  w a s  t o  examine 

t h e  absorp t ion  of ch lo ro th i az ide  and t h e  possi:ble 

i n f luence  of PVP on i t s  biopharmac:eutical  p r o p e r t i e s  

using t h e  eve r t ed  r a t  i n t e s t i n e  p repa ra t ion .  

1 3  

METHODOLOGY 

The p repa ra t ion  of t h e  PVP-chlorothiazide coprecip- 

i t a t e  and mechanical mix systems and t h e  methods of 

ana lyses  employed w e r e  s i m i l a r  t o  those  prev ious ly  

out l ined” ,  ch lo ro th i az ide  d i s s o l u t i o n  being determined 

by u l t r a v i o l e t  spectroscopy a t  2 7 9  nm. 

Everted R a t  I n t e s t i n e  P repa ra t ion  

Male Sprague-Dawley r a t s  weighing about 2OOg were 

s t a rved  24h p r i o r  t o  t h e  experiment bu t  allowed Eree 

access  t o  water .  The rats w e r e  s a c r i f i c e d  wi.th sodium 

549 

pentobarb i tone ,  a method repor ted  t o  prolong t h e  

s t r u c t u r a l  i n t e g r i t y  of t h e  i n t e s t i n e  . The e n t i r e  

small  i n t e s t i n e  w a s  removed v i a  a midl ine i.nci.si’on of 

t he  abdomen and placed i n  an i s o t o n i c  phosphate ‘buf fer ,  

pH 7 . 4 .  For each s e c t i o n  lOcm slegments w e r e  c u t ,  

s leeved  onto a g l a s s  rod,  e v e r t e d ,  and washed i n  t h e  

b u f f e r  s o l u t i o n  according t o  t h e  method of Wilson and 

Wiseman . The pe r fus ion  appara tus  used was s i m i l a r  t o  

t h a t  of McE:lnay e t  .1l6 and Blanchard and S t r aussne r  

1 4  

15 

1 7  

Each ever ted  i n t e s t i n a l  segment was l i g a t e d  on both 

. 

ends t o  g l a s s  cannulas  and then  placed i n  t h e  t es t  tube 
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550 0' DRISCOLL AND CORRIGAN 

containing 150ml of the mucosal drug solution. The 

entire apparatus was placed in a water bath at 37OC. 

The mucosal solution was continuously gassed with 95%02 

and 5% C02. A syringe containing the serosal solution 

was mounted on an infusion pump (B.Braun Perfusor IV) 

connected by a glass preheating coil to the evertedt 

segment, and thus lOml samples could be removed at 10 min 

intervals for 1 hr. 

Preparation of Mucosal Drug Solutions 

The drugs used were salicylic acid,chlorothiazide and 

hydrochlorothiazide of B.P. quality. 

Drugs were dissolved in an isotonic sodium phosphate 
18 buffer pH 7 . 4  of high buffering capacity . 

Saturated and supersaturated drug systems were 

prepared using the method of Charnicki et all9 for sodium 

chlorothiazide, the resulting solution was in every case 

adjusted back to pH 7 . 4  using hydrochloric acid. When 

PVP (plasdone-C 15, molecular wt 10,000)was included in 

the system it was added prior to adjusting the pH. 

Saturated solutions of chlorothiazide generally contained 

11.7mg m1-l of drug corresponding to the upper dose level 

of chlorothiazide (1.75g. 70kg-1 body wt.) used in a 
3 previous study . 

Assay Prooedures 

Chlorothiazide and hydrochlorothiazide intestinal 

transport was estimated using the modified Bratton- 

Marshall assay procedure as outlined by Baer et a1 . 
Salicylic Acid was assayed using the spectrofluorimetric 

procedure of Turner et a1 . 

20 

18 
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CH1,OROTHIAZIDE-PVP INTERACTIONS 

THEORY 

The d i f f u s i o n a l  mass t r a n s f e r  of drug i n  t h e  s t e a d y  

s ta te ,  a c r o s s  t h e  e v e r t e d  r a t  g u t ,  may be r e p r e s e n t e d  a s  

fo l lows  : 

551 

J = A.P ( C  - C ) = C 1 ( C D  - C,) Ey. 1. 
aPP D R 

where J i s  t h e  f l u x  (MT-'), A i s  t h e  e f f e c t i v e  s u r f a c e  

a r e a ,  P i.s t h e  a p p a r e n t  p e r m e a b i l i t y  icoe.€f ic ient  (LT-') , 
CD,CR a r e  t h e  t o t a l  d rug  c o n c e n t r a t i o n s  i n  t h e  donor  and 

r e c e i v e r  compartments r e s p e c t i v e l y ,  and t h e  p roduc t  A. P 

i s  t h e  c l e a r a n c e  ((21). I f  t h e  change i . n  (CD- CR.) d u r i n g  

t h e  experiment  i s  n e g l i g i b l e  and c o n s t a n t  hydrodynamics 

a r e  ma in ta ined  between expe r imen t s  t h e n  E q . 1  may be  

w r i t t e n  a s  

app 

aPP 

J := C1.CD. E q .  2 .  

When d rug  is p r e s e n t  i n  bound and unbound form t h e n  

e q u a t i o n  2 becomes 
C1 .CD 

J = -  

1 + KC Eq.  3 .  P' 
where C i s  t h e  polymer c o n c e n t r a t i o n  and X i s  t h e  

b i n d i n g  c o n s t a n t  of d rug  t o  polymer. 
P 

RESULTS AND D1SCUS:mN 

P e r m e a b i l i t y  d a t a  f o r  c h l o r o t h i a z i d e ,  hyclrochloro- 

t h i a z i d e  and s a l i c y l i c  a c i d ,  through t h e  r a t  e v e r t e d  

i n t e s t i n e ,  a r e  summarized i n  Tab le  1. Clea rance  v a l u e s  

of s i m i l a r  o r d e r  of magnitude were o b t a i n e d  for t.he 

t h r e e  compounds , sa l i cy l i c  a c i d ,  a d rug  known t o  be w e l l  

abso rbed21  , having t h e  h i g h e s t  and c h l o r o t h i a z i d ' e  t h e  

lowest  c l e a r a n c e .  The s a l i c y l i c  a c i d  malue j.s i.n good 
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CHLOROTHIAZ1DE:-PVP INTERACTIONS 

-1 agreement wi th  t h e  1 .8  x 10-2rng min 

Blanchard and S t r aussne r  . Chloro th iaz ide  c l ea rance  

repor ted  by 

1 7  

553 

tended t o  dtecrease wi th  inc reas ing  concent ra t ion  i . e .  

on inc reas ing  t h e  drug concent ra t ion  over  a n  eight.fold 

range,  up t o  s a t u r a t i o n ?  a decrease  i n  c:.Learance of t he  

o rde r  of 35% w a s  observed? t h i s  d- i f fe rence  bei.ng almost 

s i g n i f i c a n t  a t  t h e  5 %  l e v e l .  One of t h e  c h a r a c t e r i s t i c s  

of a c t i v e  absorpti-on i s  t r a n s p o r t  a g a i n s t  a conc 'entrat ion 

g r a d i e n t .  

equa l  concent ra t ions  of ch loro th im3zide  i n  t h e  mucosal 

and s e r o s a l  f l u i d s  and incubat ing  the  p repa ra t ion  f o r  

6 0  min. A t  t h e  end of t h i s  per iod  t h e  r a t i o  of t h e  

s e r o s a l  t o  mucosal concent ra t ion  'was less than un i ty ,  

t h i s  r e su l t .  does not  suppor t  t h e  presence of a c t i v e  

absorp t ion .  

An experimen? was t h e r e f o r e  c (xr iec1  o u t  using 

2 3  Kaplan 8 C o t l e r  have used t h e  eve r t ed  r a t  i n t e s t i n e  

as a screening  technique t o  eva lua te  i n  v ivo  drug 

abso rbab i l i t y .  Of 1 6  compounds inves t i .ga ted ,  1.3 had 

c learance  va lues  i n  t h e  range 1-41 x 10 and exh ib i t ed  

no i n  v ivo  permeabi l i ty  r e l a t e d  eibsorpti.on probl-ems when 

adminis tered i n  s o l u t i o n .  Although t h e  appara tus  and 

technique of Kaplan and C o t l e r  i s  somewhat d i f f e r e n t  

t o  t h a t  of Blanchard and S t r aussne r17 ,  pre l iminary  

s t u d i e s  i n  our  l a b o r a t o r i e s  i n d i c a t e  t h a t  t h e  two methods 

g ive  comparable r e s u l t s .  I t  seems un l ike ly  t h e r e f o r e  

t h a t  s a t u r a t i o n  of an a c t i v e  absorp t ion  s i t e  o r  excess ive  

membrane impermeabi l i ty  a r e  major l imit- ing fa .c tors  i n  

ch lo ro th i az ide  absorp t ion .  The h igher  c l ea rance  of 

- 2  

2 3 
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CHLOROTHIAZIDE-PVP INTERACTIONS 555 

h y d r o c h l o r o t h i a z i d e  compared t o  d i l o r o t h  iaz i d e  i s  

c o n s i s t e n t  with p u b l i s h e d  comparat ive p a r t i  t i o n  (data 5 

and human a b s o r p t i o n  da ta '  b u t  is  of a much s m a l l e r  

magnitude. 

The a b i l i t y  of PVP t o  r educe  t h e  absorpt- ion r a t e  of 

c h l o r o t h i a z i d e  i n  d i l u t e  s o l u t i o n  is  e v i d e n t  from Table  2 .  

The p resence  of 50mg m 1 - l  PT7P i n  s o l u t i o n  reduced t h e  

-1 t r a n s f e r  r a t e  of a 0.3mg m l  c h l o r o t h i a z i d e  s o l u t i o n  by 

ove r  50%. 

The s o l u b i l i t y  of c h l o r o t h i a z i d e  i n c r e a s e d  i n  t h e  

c7xesence o f  PVP i n d i c a t i n g  t h e  fo rma t ion  o-E a so ' l ub le  

complex i n  s o l u t i o n .  The b i n d i n g  c o n s t a n t  O E  t h e  complex K 

can be est i -mated from s o l u b i l i t y  d a t a  us ing  e q u a t i o n  4 .  

Cd = C s ( l  + KCp) E q . 4 . .  

where Cd iii t h e  t o t a l  drug i n  sol.ution 

and where C s  i s  t h e  d r u g  s o l u b i l i t y  and C 

c o n c e n t r a t i o n  . A v a l u e  of 2 . 6 4  x ml mg--' f o r  K 

was obtainled from s o l u b i l i t y  d a t a  and used i n  Eq.3 t o  

e s t i m a t e  t h e  expec ted  r e d u c t i o n  i n  t r a n s p o r t  due t o  

complex fo rma t ion .  Reasonable agreement between t h e  

t h e o r e t i c a l  and a c t u a l  v a l u e s  i s  e v i d e n t ,  s u g g e s t i n g  t h a t  

t h e  reduced d rug  t r a n s p o r t  i s  p r i m a r i l y  due to (complex 

fo rma t ion .  

!bound and f r e e ) ,  

t h e  PVP 
P 

2 4  

The t r a n s p o r t  r a t e s  o b t a i n e d  us ing  saturat :ed and 

s u p e r s a t u r a t e d  c h l o r o t h i a z i d e  sy:stems i n  t h e  p re sence  and 

absence of PVP a r e  summarized i n  Tab le  3 .  C h l o r o t h i a z i d e  

p r e c i p i t a t e d  from i t s  sodium s a l t .  s o l u t i o n  under 

p h y s i o l o g i c a l  pH c o n d i t i o n s  r e s u l t i n g  i n  a d rug  t r a n s p o r t  
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CHLOROTHIAZIDE-.PVP INTERACTIONS 557 

ra te  only s l i g h t l y  ( i . e .  1.36 f o l d  ( P > 0 . 0 5 ) )  g r e a t e r  than 

t h a t  ob ta ined  from a ch lo ro th i az ide  suspension of equ iva len t  

drug conten t .  The inc lus ion  of PVP enhanced cirug t r a n s p o r t  

r a t e ,  r e l a t i v e  t o  t h e  s a t u r a t e d  s o l u t i o n r a n d  i n h i b i t e d  

drug c r y s t a l l i s a t i o n .  I n  systems wi th  a supe r sa tu ra t ion  

r a t i o  ( r e l a t i v e  t o  pure ch1orothia:zide)  of 51.8 f o l d ,  a 

maximum r a t e  5 t i m e s  g r e a t e r  than  - tha t  f o r  a s a t u r a t e d  

s o l u t i o n  was observed i n  t h e  prese:nce of lOmg ml- IPVP 

( P  < 0.001). Inc reas ing  t h e  PVP 'concentrat ion t o  50mg m l  

gave a reduct ion  (P< 0.001) i n  t h e  r e l a t i v e  enhancement 

which however was s t i l l  2 . 4  t i m e s  ' g rea te r  than  t h a t  observed 

wi th  t h e  s a t u r a t e d  s o l u t i o n  ( P <  0.001) . Systems: wi th  

PW concent ra t ions  below 10 .Om9 rnI.-' r e a d i l y  became 

-1 cloudy on p repa ra t ion ,  those  conta in ing  10 .Omg ml. PVP 

-1 were metas tab le  , while  systems conta in ing  50mg ml. 

PVP remained c l e a r .  When t h e  supe r sa tu ra t ion  r a t i o  

was increased  t o  approximately 1 2  f o l d  t h e  50mg nnl-'PVP 

system a l s o  became cloudy and gave a membrane t r a n s p o r t  

r a t e  3 . 4 8  t i m e s  t h a t  of t h e  s a t u r a t e d  s o l u t i o n .  These 

r e s u l t s  suggest  t h a t  t h e  enhanced t r a n s p o r t  r a t e s  from 

PVP conta in ing  systems a r e  due t o  t h e  a b i l i t y  of PVP t o  

r e t a r d  and/mor i n h i b i t  c r y s t a l  growth. This  i n h i b i t i n g  

a b i l i t y  has  been shown t o  be dependent on t h e  r e : l a t ive  

r a t e s  of d i f f u s i o n  of drug and PVI? t o  t h e  c r y s t a l  su r f ace  

and t h e r e f o r e  on t h e  PVP concent ra t ion  and supe r sa tu ra t ion  

r a t i o  . Assuming no r e c r y s t a l l i z a t i o n  w e r e  t.o occur  

( i . e .  t h e  supe r sa tu ra t ed  s o l u t i o n s  remained s t a b l e )  t he  

r e l a t i v e  t r a n s p o r t  rates i n  t h e  presence of d i f f e r e n t  PVP 

concent ra t ions  can be es t imated  from Eq.5 

-1 
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558 O'DRISCOLL AND CORRIGAN 

J ss  = D s s  - 
C (1 + KC ) 

Js D s  P 
Eq.5. 

where Js and Jss a r e  t h e  r a t e s  f o r  t h e  s a t u r a t e d  and 

supe r sa tu ra t ed  systems r e s p e c t i v e l y ,  CDs and CDss a r e  t h e  

t o t a l  drug concent ra t ions  i n  t h e  r e spec t ive  donor compart- 

ments f o r  t h e  s a t u r a t e d  and supe r sa tu ra t ed  systems respec t -  

i v e l y  and t h e  o t h e r  terms have been def ined  previous ly .  

The r e l a t i v e  enhancements p red ic t ed  by equat ion  5 a r e  

included i n  Table 3 .  Below a PVP concent ra t ion  of 

lOmg m l - l ,  i n  systems conta in ing  11.7mg m l - l  chloro- 

t h i a z i d e ,  t h e  experimental  va lues  a r e  lower than p red ic t ed  

s ince  i n s u f f i c i e n t  PVP is  p resen t  t o  prevent  drug 

c r y s t a l l i z a t i o n .  The decrease  i n  r e l a t i v e  r a t e  observed 

when t h e  PVP concent ra t ion  was increased  t o  50mg m l  

r e f l e c t s  a decrease  i n  t h e  e f f e c t i v e  f r e e  drug concen- 

t r a t i o n  (due t o  binding)  which occurred even though 

t h e  system was s t a b l e  t o  c r y s t a l l i z a t i o n .  Doubling t h e  

concent ra t ion  a t  t h e  l a t t e r  PVP concent ra t ion  caused 

p r e c i p i t a t i o n  of drug r e s u l t i n g  i n  a r a t e  lower than  t h e  

p red ic t ed  va lue .  

-1 

A 1 : 2  ch lo ro th i az ide  PVP c o p r e c i p i t a t e  w a s  prepared 

t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  t h e  enhanced membrane 

t r a n s p o r t  was r e l a t e d  t o  t h e  formation of a high energy 

form of t h e  drug. I n  c o n t r a s t  t o  an equ iva len t  mechan- 

i ca l  mixture  of t h e  two components, X-ray d i f f r a c t i o n  

peaks w e r e  absent  from scans  of t h e  c o p r e c i p i t a t e ,  

sugges t ing  t h e  ex i s t ence  of drug i n  a non-c rys t a l l i ne  

(amorphous) s t a t e  i n  t h e  l a t t e r  system. 
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10 

559 

Time (min) 

F I G U R E  I 

D i s s o l u t i o n  P r o f i l e s  f o r  C h l o r o t h i a z i d e A  , 
Chlorothiazide-PVP (1: 2 )  Mec!hanical Mixture. 
and C o p r e c i F i t a t e  W , 
us ing  t h e  modif ied beake r  method. 

from 1.3 c m  Idiameter d i s c s  

D i s s o l u t i o n  p r o f i l e s  f o r  t h e s e  systems t o g e t h e r  w i t h  

t h a t  of pu re  c h l o r o t h i a z i d e  are shown i n  F i g . 1 .  Coprecip- 

i t a t i o n  brought  abou t  an 1 8 . 9  f o l d  enhancement i n  t h e  

i n i t i a l  d i s s o l u t i o n  r a t e  of  c h l o r o t h i a z i d e ,  w h i l e  t h e  

mechanical  mix system i n i t i a l l y  d i s s o l v e d  2 . 8 4  t i m e s  

more r a p i d l y  t h a n  t h e  p u r e  d rug .  

i n  d i s s o l u t i o n  r a t e  for  t h e  mechanical  mix i s  t o  be 

A r e l a t i v e  enhancement 
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560 O’DRISCOLL AND CORRIGAN 

expected due to the formation of soluble complexes in 

solution between the two components. In quantitative 

terms this initial dissolution rate GT should be given 

by Eq.6. 

- - C s d D d  + K C s p  C s d D d . p  Eq.6. 
h GT 

where Dd and D 

drug and complex respectively, Csd and C 

solubilities of the drug and P V P  respectively, h the 

diffusion layer thickness and the other terms are as 

previously defined . Expressed in terms of the 

relative enhancement in initial dissolution rate GT/Go, 

Eq.6 becomes 

are the diffusion coefficients of the 
d.P 

are the SP 

25 

where Go is the initial dissolution rate of pure chloro- 

thiazide. In order to apply equation 7 to the current 

data, a value for C the solubility (or effective 

surface concentration) of P V P  during P V P  dissolution is 

required. An estimate of C w a s  obtained from the 

dissolution rate for pure P V P  (Gpvp) assuming 

‘sp = GPVPh’DPVP 

(Dpvp) as 1.55 x from Simonelli et a1 . The 

expected relative enhancement in chlorothiazide 

dissolution from the mechanical mix system thus 

obtained using Eq.7 was 2.7. This estimate is in 

good agreement with the actual value of 2.84 and 

SP 

SP 

taking the diffusion coefficient of P V P  

6 
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CHLOROTHIAZIDE-PVP INTERACTIONS 56 I 

c o n s i s t e n t  wi th  a s o l u b l e  complex explana t ion  f o r  t h e  

observed enhanced d i s s o l u t i o n  from t h e  mechanical mix 

system, It i s  ev iden t ,  from a cons ide ra t ion  of 

equat ion  6 ,  t h a t  f o r  two d i f f e r e n t  forms of t h e  same 

drug,  combined wi th  PVP t h e  r a t i o  of t h e  in i t i a l1  

d i s s o l u t i o n  rates w i l l  be equal  t o  t h e  r a t i c i  of t h e  

s o l u b i l i t i e s  of t h e  two forms i . e .  f o r  t h e  coprecip-  

i t a t e  and mechanical mixture  

G COP 'sh 

where G 

observed f o r  t h e  c o p r e c i p i t a t e  and mechanical inixture 

r e s p e c t i v e l y  and Csd,Csh t h e  s o l u b i l i t i e s  oE t h e  drug 

form i n  mechanical mixture  and c o p r e c i p i t a t e  respec t -  

f u l l y .  The observed i n i t i a l  d i s s o l u t i o n  r a t e  r a t i o  was 

6 . 6 4  sugges t ing  t h a t  a high energy form of ch lo ro th i az ide ,  

poss ib ly  amorphous ,with a 6-7  f o l d  g r e a t e r  s o l u b i l i t y  

than  t h a t  of' c r y s t a l l i n e  ch lo ro th i az ide  i s  formed and i s  

s t a b l e  i n  PVP on c o p r e c i p i t a t i o n .  The amorphous phase 

s o l u b i l i t y  i s  of a s i m i l a r  magnitude t o  the maximum 

enhancement i n  membrane t r a n s p o r t  observed froin t h e  

supe r sa tu ra t ed  s o l u t i o n s  s t a b i l i z e d  wi th  PVP. This  

coincidence may be f o r t u i t o u s  o r  may i n d i c a t e  t h a t  t h e  

degree of supe r sa tu ra t ion  which can be s u s t a i n e d  by 

PVP may be dependent on t h e  s o l u b i l i t y  of a s t ab ] - l i zed  

amorphous f om. 

and Gm a r e  t h e  i n i t i a l  d i s s o l u t i o n  r a t e s  
COP 
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