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ABSTRACT 

An in-vivo screening test  u t i l i z i n g  i s o l a t e d  r a t  
i n t e s t i n a l  segments has  been used s u c c e s s f u l l y  i n  com- 
p a r i n g  absorp t ion  of low aqueous s o l u b l e  drugs admin- 
istered i n  t h e  form of aqueous suspensions.  The r e s u l t s  
of a t tempting t o  manipulate t h e  absorpt ion of t h e s e  
drugs by reducing t h e  p a r t i c l e  s i z e  e i t h e r  through 
m i l l i n g  o r  by u s i n g  t h e  drug i n  t h e  form of a m e l t  o r  
c o p r e c i p i t a t e  i s  discussed.  A t t e n t i o n  is a l s o  given t o  
t h e  r e l i a b i l i t y ,  p r e c i s i o n  and accuracy of such a method. 

INTRODUCTION 
I n d i v i d u a l s  f a m i l i a r  with druq absorpt ion of low- 

aqueous s o l u b l e  drugs know t h e  importance o f  c r e a t i n q  
an environment i n  which t h e  drug s o l u b i l i t y  r a t e  can be 

increased  t o  enhance absorpt ion.  This  can be accomplished 
by making t h e  p a r t i c l e  s i z e  of t h e  drug  a s  small  a s  
p o s s i b l e  e i t h e r  by p h y s i c a l l y  m i l l i n g  o r  by u s i n g  t h e  
drug i n  t h e  form of melts o r  c o p r e c i p i t a t e s  (1). 
l a t t e r ,  t h e  drug p r e c i p i t a t e s  i n  t h e  form of small  
p a r t i c l e s  a t  t h e  t i m e  they d i s s o l v e  and t h e  drug comes 
i n  c o n t a c t  with water. A l s o  wi th  t h e  m e l t s  and CO- 

p r e c i p i t a t e s  t h e  presence of t h e  v e h i c l e  i n  t h e  sus- 

I n  t h e  
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428 BROWN 

pension i n c r e a s e s  t h e  s o l u b i l i t y  of t h e  drug  f u r t h e r  
i n c r e a s i n g  i t s  s o l u b i l i t y  r a t e .  To manipulate  t h e  
s o l u b i l i t y  r a t e s  i n  such ways a s  t o  achieve t h e  maximum 
absorp t ion  r a t e ,  it i s  d e s i r a b l e  t o  have a reasonably 
quick and r e l i a b l e  s c r e e n i n g  test f o r  making comparisons. 
I n  such a t e s t  it i s  important  t o  s i m u l a t e  those  con- 
d i t i o n s  found i n  man a s  much a s  p o s s i b l e ,  t h e r e f o r e  t h e  
use of in-vivo models should  be of f i r s t  choice.  

Numerous model systems have been proposed and 
used s u c c e s s f u l l y  t o  vary ing  degrees  a s  r e c e n t l y  re- 
por ted  by Swarbrick ( 2 ) .  I t  i s  t h e  i n t e n t i o n  of t h i s  
paper t o  r e p o r t  on a b s o r p t i o n  s t u d i e s  of low-aqueous 
s o l u b l e  drugs  adminis te red  a s  aqueous suspensions u s i n g  
a model system based on t h a t  devised by Levine and 
Pel ikan (3). These s t u d i e s  w e r e  designed t o  show t h e  
r e l i a b i l i t y  of  t h i s  system f o r  d e t e c t i n g  d i f f e r e n t  
absorp t ion  r a t e s  caused by v a r i a n c e s  i n  t h e  p a r t i c l e  
s i z e  of t h e  drug  and by i n f l u e n c e s  of t h e  v e h i c l e s  used 
i n  the  melts o r  c o p r e c i p i t a t e s  on t h e  s o l u b i l i t y  of t h e  
drug adminis tered.  

Surgery - Adult  male r a t s  (Sprague Dawley), 250 gms o r  
l a r g e r  w e r e  f a s t e d  f o r  1 2  hours  except  f o r  water p r i o r  
t o  surgery.  Under l i g h t  e t h e r  a n e s t h e s i a  an abdominal 
midl ine  i n c i s i o n  was made and t h e  small  i n t e s t i n e  ex- 
posed. A proximal l i g a t u r e  was p laced  l o o s e l y  around 
t h e  i n t e s t i n e  approximately 5 c m .  d i s t a l  to t h e  junc t ion  
of t h e  b i l e  d u c t  and i n t e s t i n e .  A d i s t a l  l i g a t u r e  was 
p laced  t i g h t l y  around t h e  i n t e s t i n e  approximately 20 c m .  
d i s t a l  t o  t h e  proximal l i g a t u r e .  Care was taken n o t  t o  
occlude any major blood v e s s e l s  supply ing  t h e  segment. 
The drug  suspension was then  i n j e c t e d  by s y r i n g e  ( 2 0  
gauge n e e d l e )  i n t o  t h e  i n t e s t i n a l  segment by p a s s i n g  t h e  
needle  i n t o  t h e  lumen and through t h e  l o o s e l y  t i e d  

EXPERIMENTAL 
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ABSORPTION OF LOW AQUEOUS SOLUBLE DRUGS 429 

proximal l i ga tu re .  Care must be taken not  t o  pene t r a t e  
t h e  wal l  of t h e  i n t e s t i n e  with the  needle a f t e r  it has  
passed through the  l i ga tu re .  The l i g a t u r e  was then 
pul led  t i g h t  around the  needle so t h a t  t h e r e  was no 
backflow during t h e  in j ec t ion  of t he  dosage. U p  t o  2 

m l s .  of suspension can be in j ec t ed  i n t o  t h i s  length of 
segment. Af te r  i n j e c t i o n  a s  t he  needle i s  removed, the  
proximal l i g a t u r e  was f u r t h e r  t ightened and t i ed .  The 
segment was replaced i n  t he  abdominal cav i ty  and the  
inc i s ion  was closed us ing  14 mm Michel Wound (Mil tex 
Instrument Company, N e w  York) c l i p s .  The animal was 
allowed t o  recover,  which should take less than 5 
minutes. After  a predetermined perioc? of t i m e ,  t he  r a t  
was s a c r i f i c e d  and t h e  i n t e s t i n a l  segment was removed 
and immediately f rozen on dry ice. The segment was 
kept  frozen u n t i l  it was assayed. 

The average time involved fo r  dosing a r a t  was 
approximately 7 minutes. TWO people a r e  required a t  t h e  
t i m e  of i n j ec t ion ,  one f o r  con t ro l l i ng  the proximal 
l i g a t u r e  so t h a t  t he re  i s  no backflow and the  second 
f o r  i n j e c t i o n  the  sample, otherwise t h e  procedure can 
be c a r r i e d  out  by one person. 
Preparat ion of M e l t s  and Coprec ip i ta tes  - The polyvinyl- 
pyrrol idinone (General Anil ine and Film-molecular weight 
29,000 t o  32,000)  coprec ip i t a t e s  were prepared by dis-  

solving a weighed quant i ty  of t he  drug and polyvinyl- 
pyrrol idinone i n  a s i n g l e  neck round bottom f l a s k  us ing  
methylene dichlor ide.  This so lu t ion  was f l a s h  evaporated 
forming the  coprec ip i ta te .  The coprec ip i t a t e  was then 
d r i ed  i n  a dess ica tor .  The d r i ed  mater ia l  was ground 
with a mortar and p e s t l e  being c a r e f u l  no t  t o  cause hea t  
formation which could fuse  t h e  p a r t i c l e s .  The ground 
mater ia l  t h a t  passed through a 60 mesh screen w a s  used 
f o r  dosing. 
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430 BROWN 

The polyethylene g lycol  (Matheson Coleman and B e l l -  

molecular weight 15,000 t o  20,000) m e l t s  were prepared 
by f i rs t  melt ing t h e  polyethylene g lycol  i n  a beaker on 
a ho t  p l a t e .  Care was taken not  t o  hea t  the. Polyethylene 
g lycol  higher than 20.C below t h e  melt ing p o i n t  of t he  
drug used. Af te r  t h e  uolyethylene g lyco l  had me l t ed ,  t h e  

drug was added and t h e  mixture s t i r red slowly u n t i l  the  
d rug  had dissolved.  Xhen t h e  drug was completely i n  
so lu t ion ,  t h e  conten ts  of t he  beaker w e r e  qu ick ly  t rans-  
f e r r ed  onto a p i ece  of aluminum f o i l  which had been 
cooled by and s t i l l  i n  contac t  w i t h  dry ice. Af te r  com- 
p l e t e  s o l i d i f i c a t i o n  of t h e  m e l t  was obtained,  it was 
mil led i n  a sample m i l l  (Chemical Rubber Company), To 
overcome hea t  generated when mi l l i ng ,  t h e  m i l l  was f irst  
cooled with dry i c e  and secondly, pieces of dry  i c e  were 
mixed wi th  t h e  m e l t  a s  it was being milled.  The mil led 
mater ia l  was r ap id ly  screened using an 80 mesh seive.  
The screened mater ia l  was then d r i ed  i n  a des icba tor .  
This  d r i e d  mater ia l  was used f o r  dosing. 
Dosing - Each ind iv idua l  s tudy u t i l i z e d  six rats.  A l l  

s i x  r a t s  received t h e  same dosage under t h e  same f a s t i n g  
conditions.  Each of the  f i r s t  three r a t s  were s a c r i f i c e d  
a t  t h e  t i m e  of drug adminis t ra t ion.  The i n t e s t i n a l  
segments w e r e  immediately removed and frozen. The da ta  
from these  r a t s  w e r e  used a s  c o n t r o l s  (100% unabsorbed). 
A f t e r  t h e  remaining t h r e e  r a t s  rece ived  t h e i r  dosages 
they w e r e  allowed t o  recover from t h e  anaesthesia .  Af te r  
a per iod  of two hours,  t hese  r a t s  were s a c r i f i c e d  and 
the  i n t e s t i n a l  segments w e r e  removed and immediately 
frozen. 

Suspensions w e r e  made j u s t  p r i o r  t o  dosing. A 
weighed amount of t he  dosage form t o  be tested w a s  p laced 
i n  a 50 m l  beaker, followed by t h e  amount of water 
necessary t o  make t h e  desired concent ra t ion  of  drug  per 
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ABSORPTION OF LOW AQUEOUS SOLUBLE DRUGS 431 

mi l l i l i t e r  of suspension. Homogenous suspensions were 
made by u s i n g  u l t r a s o n i c s  ( S o n i f i e r  C e l l  D i s rup to r ,  
Heat Systems - U l t r a s o n i c  Inc.  1. 
t a i n e d  by a magnetic stirrer. 
Assay - Reagents - A l l  chemicals used a r e  r e a g e n t  q rade  
(Mall inckrodt ,  Inc.  1. This  a l s o  i n c l u d e s  those  used i n  
t h e  l i q u i d  chromatography systems. 

Winthrop Labs) (1,2,3,4,5,6-hexahydro-6,ll,dimethyl- 
3-~3-methy1-2-buteny1~-2,6-methano-3-b~nzazocin-8-o1~ - 
The a s say  used f o r  pen tazoc ine  hydrochlor ide and nap- 
s y l a t e  was adapted from t h a t  used by El-Mazati and \Jay 
(4). The f rozen  i n t e s t i n a l  segments were each homo- 
genized i n  10  m l  d i s t i l l e d  water u s i n g  a homogenizer 
( V i r t i s  "45" Hi-Speed Homogenizer, The V i r t i s  Company, 
I n c . ) .  
and brought  t o  a volume of 2 0  m l  wi th  d i s t i l l e d  water.  
Two m l  of  t h e  homogenate was t r a n s f e r r e d  t o  a SO m l  
s t oppe red  c e n t r i f u g e  tube  c o n t a i n i n g  0.5 gm of  a 1: 1 
mixture  of sodium carbonate-sodium b ica rbona te  and 3 m l  
of d i s t i l l e d  water. Th i s  was e x t r a c t e d  with 25  m l  of  
benzene by shaking on a mechanical shaker (Schae r r  Shaking 
Machine) f o r  20 minutes. Ten m l  of t h e  benzene e x t r a c t  
was f u r t h e r  d i l u t e d  t o  100 m l  wi th  benzene. Ten m l  of 

Homogeneity was main- 

Pentazocine (Talwin@ HC1 brand of pen tazoc ine  HC1 - 

The homogenate was q u a n t i t a t i v e l y  t r a n s f e r r e d  

t h i s  d i l u t i o n  was e x t r a c t e d  w i t h  5.0 m l  of 0.2N hydro- 
c h l o r i c  a c i d  t h a t  h a s  been s a t u r a t e d  with benzene. The 
f luo rescence  a t  325 nm of  t h e  a c i d  e x t r a c t  was determined 
i n  a spectrophotof luorometer  a t  an e x c i t a t i o n  wavelength 
of  295 nm. Concen t r a t ions  of pen tazoc ine  p r e s e n t  were 
c a l c u l a t e d  from a s t a n d a r d  curve of known amounts. 

4- { [ 6- ( 2-Chloro- 4 - m e  thoxy ) phenoxy 2 hexy 1 } - 3'5 - 
heptanedione (compound A) - The f r o z e n  i n t e s t i n a l  seg- 

ments were each homogenized a s  s t a t ed  i n  t h e  pen tazoc ine  
assay. The homogenate was q u a n t i t a t i v e l y  t r a n s f e r r e d  and 
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432 BROWN 

brought t o  a volume of 7 0  m l  w i th  d i s t i l l e d  water.  Five 

m l  of t h e  homogenate was e x t r a c t e d  i n  a 50 m l  s t oppe red  
c e n t r i f u o e  tuhe  with 20 m l  anhydrous e t h y l  e t h e r  by 

shakinq f o r  20 minutes  on a mechanical shaker .  Ten m l  
of t h e  e t h e r  e x t r a c t  was evayorated t o  dryness .  The 
r e s i d u e  was r e d i s s o l v e d  i n  1.0 m l  of anhydrous e t h y l  

e t h e r .  T h i s  s o l u t i o n  was assayed f o r  compound A u s i n g  

High P r e s s u r e  Liquid Chromatography (DuPont 840,  E.I. 
duPont de  Nemours and Co. ,  Wilmington, D e l . ) ,  column- 

S i l i c a  (Zorbax S i l ,  DuPont), system - hexane: e t h e r  (7:3) 
with 0.1% G l a c i a l  a c e t i c  a c i d ,  f low rate-0.24 ml/min. 
Ten m c l  o f  t h e  e t h e r  s o l u t i o n  w a s  i n j e c t e d  o n t o  t h e  
column. The amount of compound A was c a l c u l a t e d  by 

comparing peak h e i g h t s  of  t h e  unknowns t o  t h e  peak 

h e i g h t s  of known c o n c e n t r a t i o n s  s i m i l a r l y  chromatographed. 

l,l'-(2,5-Cyclohexadiene-l,4-diylidene-diamino~ 
d i p y r r o l e  (compound B) - The f r o z e n  i n t e s t i n a l  segments 
were each homogenized a s  s t a t e d  above. The homoqenate 

was q u a n t i t a t i v e l y  t r a n s f e r r e d  and brought  t o  a volume 
of 20 ml with d i s t i l l e d  w a t e r .  Four m l o f t h e  homogenate 
was e x t r a c t e d  w i t h  2 0  m l  of anhydrous e t h y l  e t h e r  by 

shaking on a mechanical shaker  f o r  20 minutps. F ive  m l  
of t h e  e t h e r  e x t r a c t  was evaporated t o  d ryness  and t h e  

r e s i d u e  d i s s o l v e d  i n  1.0 m l  of chloroform. T h i s  sol- 
u t i o n  w a s  assayed f o r  compound B by High P r e s s u r e  
Liquid Chromatography (Dupont 8401, column-Silica 

( C o r a s i l  11, l f a t e r s  A s s o c i a t e s ,  Milford,  Mass. 1,  system - 
ch1oroform:methanol (980:20), flow ra te-1.0 m l / m i m .  
Five m c l  of t h e  chloroform s o l u t i o n  w e r e  i n j e c t e d  on t h e  
column. The amount of compound B was c a l c u l a t e d  by 
peak h e i g h t  comparisons w i t h  known amounts of  compound B. 

RESULTS AND DISCUSSION 

The f i r s t  s tudy  was designed t o  show v e r y  simply 
t h a t  t h i s  model system can detect d i f f e r e n c e s  i n  ah- 
s o r p t i o n  r a t e s  of a d rug  admin i s t e red  as a s o l u t i o n  and 
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ABSORPTION OF LOW AQUEOUS SOLUBLE DRUGS 433 

a s  a suspension. The drug chosen f o r  t h i s  was penta-  

zocine because i t s  hydrochlor ide s a l t  i s  very s o l u b l e  
i n  water whereas i t s  napsy la t e  s a l t  h a s  a much lower 
s o l u b i l i t y  ( 0 . 3 6 8  mcJ/ml i n  1% nun t r aqacan th  i n  w a t e r ) .  

Gun t r aqacan th  was u s e d  because i t  h a s  been used i n  

a c t i v i t y  sc reen in7  test.s and it  R C ~ V C ~ I  a s  a w e t t i n g  aqent  

which enable? a homoqenous suspension t o  he  made wi thou t  

i n c r e a s i n g  t h e  degree of s o l u b i l i t y  of t h e  drug t o  any 

l a r g e  e x t e n t .  
Pentazocine hydrochlor ide (10.0 m g )  was adminis tered 

i n  2.0 m l  water (5 .0  mg/ml s o l u t i o n ) .  This  was compared 

t o  pentazocine n a p s y l a t e  of which 7.0 m l  of a 7.676 m g / m l  
suspension i n  1% gum t r agacan th ,  e q u i v a l e n t  t o  10.0 m g  of 
pen tazoc ine  hydrochlor ide,  was adminis tered.  As an added 

comparison 2.0 m l  of a 0.307 mg/ml s o l u t i o n  of pentazo- 

c i n e  napsy la t e  i n  1% q u m  t r agacan th  equ iva len t  t o  0.4 mg 
pen tazoc ine  hydrochlor ide was also given. 

As t h e  d a t a  shown i n  Table 1 i n d i c a t e s ,  100% of t h e  
pentazocine hydrochlor ide and naFsy la t e  s o l u t i o n s  were 
absorbed i n  t h e  2 hour t i m e  pe r iod  whereas on ly  17.9% of 

t h e  pentazocine n a p s y l a t e  suspension was absorbed. A 

cons ide rab le  amount ( 7 3 % )  of t h e  absorbed pen tazoc ine  

was from d i s s o l u t i o n  of t h e  suspended n a p s y l a t e  s a l t  

s i n c e  on ly  4.8% of  t h e  pentazocine was i n i t i a l l y  d i s s o l v e d  

i n  t h e  veh ic l e .  This  shows t h a t  t h e  technique should 
d e t e c t  abso rp t ion  d i f f e r e n c e s  due t o  d i s s o l u t i o n  e f f e c t s .  
Therefore  t h i s  d a t a  i n d i c a t e s  t h a t  t h i s  model system 

and experimental procedure can show d i f f e r e n c e s  i n  absorp- 
t i o n  and t h a t  t h e  d a t a  obtained h a s  r easonab le  p r e c i s i o n  

and accuracy. 

drug (compound B) t h a t  h a s  very low aqueous s o l u b i l i t y  

(<0.5 mcg/ml) w e r e  run. These b a t c h e s  have va ry ing  
average par t ic le  s i zes  (Table  2 )  some of which w e r e  
mil led.  Two m l  of  a 1.5 m g / m l  suspension of each b a t c h  

To f u r t h e r  prove t h e  system s e v e r a l  ba t ches  of a D
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434 BROWN 

TABLE 1 

Amount of Pentazocine Hydrochloride and Pentazocine 
Napsylate Unabsorbed 

Dosage Absorp t ion Mg. Drug 
T ime  Unabsorbed 
(hrs .  1 

~~ ~ 

Pentazocine Hydrochloride 
so lu t ion  (10 mg/2 m l )  

Pentazocine Napsylate 
suspension (15.35 mg/2 m l )  
equivalent  t o  10 mg/2 m l  
Pentazocine Hydrochloride) 

Pentazocine Napsylate 
so lu t ion  (0.614 mg/2 m l  
equivalent  t o  0.4 mg/2 m l  
Pentazocine Hydrochloride) 

0 8 . 2 ,  9.0, 8.2 

2 0 ,  0 ,  0 ( 0 % + 0 3 )  

0 11.0, 9.6, 1 2 . 8  

(100%+3.l%)a 

(100%+8.3%) 

( 82.l%t3.8% 

( 100%+4.9%) 

2 9.8, 3.2, 8.6 

0 0.64, 0.54, 0.60 

2 0 ,  0,  0 (O%+O%) 

Mean percent  unabsorbed r e l a t i v e  t o  zero t i m e  + standard 
e r ror .  

a 

i n  1% g u m  t ragacanth w e r e  administered. The da ta  shown 

i n  Table 3 suggests  t h a t  t h e r e  is a r e l a t i o n s h i p  between 

p a r t i c l e  s i z e  and absorption. This  da t a  a l so  f u r t h e r  
s u b s t a n t i a t e s  t h e  r e l i a b i l i t y  of t h i s  t e s t  even when 
small d i f f e rences  i n  absorpt ion a r e  t o  be detected.  

The u s e  of melts and coprec ip i t a t e s  t o  enhance 
absorption w e r e  s tud ied  us ing  Compound B. Two m l  of a 
suspension i n  w a t e r  conta in ing  12.0 m g  of a Polyvinyl- 
pyrrol idinone coprec ip i t a t e  (25% compound B )  was ad- 
ministered, This was compared t o  a Polyethylene g lycol  

m e l t  625% compound B) by s i m i l a r l y  dosing 2.0 m l  of a 

suspension i n  water containing 12.0 m g  of the m e l t .  The 
c o p r e c i p i t a t e ' s  and the  m e l t ' s  dosage of 2.0 m l  were 
both equiva len t  t o  3.0 m g  of compound B. 
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ABSORPTION OF LOW AQUEOUS SOLUBLE DRUGS 435 

T A B U  2 

P a r t i c l e  S i z e  and Aqueous S o l u b i l i t y  of Compounc! B 

Compound B Average S o l u b i l i t y  
Pa r t i c l e  (mcg/ml) 
S i z e  
(microns 1 a 

Lot d 

Lot e 

Lot f 

Lot h 
Po lyviny l p y r r o  l i d i n o n e  
C o p r e c i p i t a t e  (25% d r u g )  - 
0.45% Po lyv iny lpyr ro l id inone  
s o l u t i o n  
Polyethylene g l y c o l  Melt (25% 
drug)  - 0.45% po lye thy lene  
g l y c o l  s o l u t i o n  
Polyethylene g l y c o l  M e l t  (25% 
drug)  - 0.90% Polyethylene g l y c o l  
s o l u t i o n  
Polyethylene g l y c o l  M e l t  (25% 
drug)  - 2.25% Polyethylene g lyco l  
so l u  t i o n  
Polyethylene g l y c o l  Melt (25% 
d r u g )  - 4.50% Polyethylene g l y c o l  
s o l u t i o n  
Lot f i n  0.45% Polyethylene 
g l y c o l  s o l u t i o n  
Lot f i n  2.25% Polyethylene 
g l y c o l  s o l u t i o n  

21.0 <O. 5 
2.85 <O. 5 

2.40 <O. 5 

9.80 <O. 5 

16.2 3.98 

12.0 1 . 8 2  

- 3.08 

- 7.60 

- 19.70 

- <O. 5 

- <O. 5 

a Average par t ic le  s i z e  was determined by t h e  Cou l t e r  
Counter, Model TA. 

The d a t a  ob ta ined  ( T a b l e  3 )  i n d i c a t e s  t h a t  dos ing  

a l o w  water s o l u b l e  d rug  i n  t h e  form of a m e l t  o r  co- 
precipitate can i n c r e a s e  t h e  abso rp t ion  r a t e  b u t  n o t  
n e c e s s a r i l y  as  one might predict from p a r t i c l e  s i z e  o r  
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TABLE 3 

timount of Compound B Unabsorbed 

Dosage .'ibsor p t  i on  Mg Drug 
Time ( h r s )  Unabsorbed 

Lot c! suspension 
3.0 m g / 2  ml 

Lot e suspension 
3.0 mq/3 r n l  

Lot f suspension 
3.0 mg/2 nl 

Lot h suspension 
'3.0 mg/2 m l  

Po lyv iny lpyr ro l id inone  
C o p r e c i p i t a t e  ( 2 5 %  
drug suspension 12.0 
mg/2 m l  e q u i v a l e n t  t o  
3.0 m g  compound B/7 m l  
Polyethylene g l y c o l  M e l t  
(25% d r u g )  suspension 
1 2 . 0  mg/2 m l  e q u i v a l e n t  
t o  3.0 m g  Compound B/2 m l  

Polyethylene g l y c o l  M e l t  
(40% d r u g )  suspension 
18.75 mg/2 ml e q u i v a l e n t  
t o  7.5 mg Compound B/2  m l  
Mixture-3.0 mg Compound B 
Lot h and 4.5 m g  Poly- 
e t h y l e n e  g l y c o l  i n  2 m l ,  
su spen s i o  n 

0 
2 

0 
2 

0 
2 

0 
2 
0 
2 

2.84, 
2.84, 

2 . 8 2 ,  
2.51, 

3.00, 
3.14, 

2.92, 
2.89, 

2.70, 
2.48, 

1.92, 
2.07, 

2.90, 
2.56, 

3.14, 
3.91, 
3.03, 
I 

t 

2.86,  
2.40, 

2.73 ( l o o % ) a  
2.76 (99.7%) 

2 .70  ( 1 0 0 % )  
2.77 (93.2%) 

- (100%) 
2.89 (93.7%) 

2 . R 6  ( 1 0 0 % )  
2.37 (99.7%) 

2.84 (100%) - (87.1%) 

0 3.17, 3.15, 3.20 (100%) 
2 1.78, 1.87, 1.85 (57.7%) 

0 7.60, 7.55, 7.50 (100%) 
2 4.57, 5.14, 5.03 (65.0%) 

0 3.0 1 , 3.0 1 , 3.00 ( 100% 1 
2 2.86, 2.80, 2.92 (95%) 

~ ~ ~~~~ - 

Mean percent unabsorbed r e l a t i v e  t o  zero t i m e .  a 

by t h e  s o l u b i l i t y  i n f l u e n c e  of t h e  v e h i c l e .  For  example 
t h e  par t ic le  s ize  of t h e  c o p r e c i p i t a t e  and m e l t  are 
h ighe r  ( T a b l e  2 )  t han  t h o s e  of t h e  b a t c h e s  used i n  t h e  

p r e v i o u s  s tudy  w i t h  t h e  excep t ion  of Lot d. That b e i n g  

t h e  cage it can be reasoned t h a t  t h e  percent absorbed 

would be low. The d a t a  o b t a i n e d  d i s p r o v e s  t h a t .  The 
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ABSORPTION OF LOW AQUEOUS SOLUBLE DRUGS 437 

s o l u S i l i t y  d a t a  r e l a t e s  somewhat bet ter  t o  t h e  r e s u l t s .  
The s o l u b i l i t i e s  of t h e  druq from t h e  P o l y v i n y l p y r r o l i -  
dinone c o p r e c i p i t a t e  and t h e  Polyethylene q l y c o l  m e l t  
i s  g r e a t l y  inc reased  t h e r e f o r e  it could he expected t o  
f i n d  an inc reased  abso rp t ion  r a t e .  This  i s  found t o  be 

. t r u e  h u t  t h e  s o l u b i l i t y  of t h e  drug from t h e  Polyvinyl-  
p y r r o l i d i n o n e  c o p r e c i p i t a t e  is  about  double t h a t  from 
t h e  Polyethylene g l y c o l  m e l t ,  t h e r e f o r e  it could be 

expected t h a t  t h e  abso rp t ion  r a t e  of: t he  Polyvinyl-  
p y r r o l i d i n o n e  c o p r e c i p i t a t e  should be double t h a t  oE 
t h e  melt  which is  no t  t h e  case,  it is about  one t h i r d  
t h a t  of  t h e  melt .  Granted t h e  p a r t i c l e  s i z e  of t h e  drug 
from t h e  c o p r e c i p i t a t e  i s  l a r g e r  b u t  i n  comparing t h e  
p , a r t i c l e  s i z e s  of t h e  p rev ious  s t u d i e s  the  i n f l u e n c e  
on t h e  abso rp t ion  r a t e  might n o t  be expected t o  be  
t h a t  great. There must be some o t h e r  f a c t o r  i n f l u e n c i n g  
t h e  abso rp t ion  r a t e  o t h e r  t han  t h e  two parameters  viewed 
i n  t h i s  paper.  Uhether i t  i s  t h e  c r y s t a l  form of t h e  
drug p r e c i p i t a t e d  from t h e  c o p r e c i p i t a t e  o r  m e l t  o r  t h e  
i n f l u e n c e  of i n t e s t i n a l  f l u i d  o r  something else i s  an 
open q u e s t i o n  and grounds f o r  f u r t h e r  s t u d i e s .  

I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  from Table 2 t h a t  
a s  t h e  c o n c e n t r a t i o n  of  t h e  Polyethylene g l y c o l  i n  
s o l u t i o n  i n c r e a s e s ,  t h e  s o l u b i l i t y  of t h e  drug from t h e  
m e l t  i n c r e a s e s .  Therefore  i n c r e a s i n g  t h e  amount of  
Polyethylene g l y c o l  per dosage should i n c r e a s e  t h e  ab- 

s o r p t i o n  r a t e .  It  should be a l s o  no ted  t h a t  t h e  s o l -  
u b i l i t i e s  ob ta ined  from t!ie melts can n o t  be o b t a i n e d  
by simply d i s s o l v i n g  t h e  d rug  i n  a s o l u t i o n  of Poly- 
e t h y l e n e  g lyco l .  The inc reased  s o l u b i l i t y  is a d e f i n i t e  
c h a r a c t e r i s t i c  of  the m e l t .  

To show t h a t  t h e  i n c r e a s e d  abso rp t ion  r a t e  of  t h e  
drug from t h e  Po lye thy lene  g l y c o l  m e l t  is n o t  a r e s u l t  
of an i n f l u e n c e  of t h e  Polyethylene g l y c o l  a l o n e  a 
s tudy  was done comparing a m e l t  t o  a p h y s i c a l  mixture  
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of t h e  drug and Po lye thy lene  g l y c o l .  I n  t h e s e  tests a 
mixture  of conpound B, Lot  h and Po lye thy lene  g l y c o l  
(40% compound B) was compared t o  a Polye thy lene  g l y c o l  
m e l t  (40% compound B). There appears t o  he a q r c a t  
inSluence on a b s o r p t i o n  due t o  t h e  Po lye thy lene  g l y c o l  
a s  i n d i c a t e d  by t h e  5% a h s o r p t i o u  of t h e  mix tu re  as  

compared t o  p r a c t i c a l l y  no a h s o r p t i o n  wi th  t h e  gun 
t r a g a c a n t h  suspension of Lot h ,  however, i t  i s  nowhere 
nea r  as pronounced as t h e  35% and 42% a b s o r p t i o n  with 

t h e  melts. I t  i s  t h e r e f o r e  clear t h a t  t h i s  d rama t i c  
i n c r e a s e  i n  a b s o r p t i o n  is a c h a r a c t e r i s t i c  of t h e  m e l t  

i t se l f  . 
A s o l u t i o n  of a d rug  (compound A )  h a s  been compared 

t o  a m e l t .  I n  t h i s  case 2.0 m l  of a 2 m q / m l  s o l u t i o n  of 

compound A i n  20% p o l y s o r b a t e  80 was adminis tered.  Th i s  
was compared t o  a 2.0 m l  dose  of Po lye thy lene  g l y c o l  
m e l t  ( 25% compound A) hav ing  16.0 mcJ of Po lye thy lene  
g l y c o l  m e l t  per 2.0 m l  water, e q u i v a l e n t  t o  4.0 m g  of  
compound A i n  2 m l  water .  A l s o  for  comparison, 2.0 m l  of 
a 2 mg/ml aqueous suspension o f  compounc! A was run. From 
t h e  d a t a  i n  Table  4 it  is e a s i l y  seen  t h a t  t h e  a b s o r 2 t i o n  
r a t e  of a d r u g ,  hav ing  a low w a t e r  s o l u b i l i t y  (<20 mcg/ml), 
admin i s t e red  i n  t h e  form of a m e l t  can equa l  t h a t  of a 
s o l u t i o n .  This stufiy a l s o  i l l u s t r a t e s  t h a t  a b s o r p t i o n  
from suspens ions  can be measured wi th  t h i s  in-vivo tech- 
nique f o r  d rugs  w i t h  v e r y  low s o l u b i l i t i e s .  

CONCLUSION 

The u s e  of t h e  i s o l a t e d  r a t  i n t e s t i n a l  segment h a s  
been shown t o  be u s e f u l  and dependable i n  d e t e c t i n g  
d i f f e r i n g  a b s o r p t i o n s  of low aqueous s o l u b l e  d rugs  ad- 
m i n i s t e r e d  in suspension form. Data o b t a i n e d  i n d i c a t e s  
t h a t  by p r e s e n t i n g  t h e  d rug  i n  as  f i n e  a p a r t i c l e  size 
as p o s s i b l e ,  d r u g  abso rp t ion  can be enhanced. The 
particle s i z e  can be adjusted by m i l l i n g  o r  by p r e c i p i t a -  
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TABLE 4 

Amount of Ccxnnound A Unabbsorhed 

Dosage Absorption Mq Druq 
T i m e  (hrs) Unabsorhed 

suspens ion  - 4.0 mg/2  ml 0 4.0, 3.9, - ( l O O % . ) a  
2 3.7, 3.5,  3.5 (89.2%) 

s o i u t i o n  - 4.0 mg/2 ml of 0 3.0, 4.0, 4.0 (100%) 
20% p o l y s o r b a t e  80 i n  water  2 2.8,  2 .8 ,  2.7 (70.0%) 

suspens ion  16.0 mg/2 m l  2 2 .8 ,  1.8, 2 . 3  (63.8%) 
e q u i v a l e n t  t o  4.0 mg 
Compound A / 2  m l  

Po lye thy lene  g l y c o l  M e l t  0 3.4, 4.0, 3.4 (100%) 

a Mean percent unabsorbed r e l a t i v e  t o  z e r o  t i m e .  

t i o n  from a me l t  o r  c o p r e c i p i t a t e  dosage form. There 

may n o t  be i n f l u e n c e  on t h e  s o l u b i l i t y  of t h e  d rug  caused 

by t h e  v e h i c l e  used i n  making t h e  melt or c o p r e c i p i t a t e ,  

t h e r e f o r e ,  t h e  cho ice  of t h e  v e h i c l e  used  can be c r i t i c a l .  
It  is a l s o  e v i d e n t  t h a t  t h e r e  a r e  o t h e r  f a c t o r s  i n f l u e n c i n g  

t h e  a b s o r p t i o n  o t h e r  t h a n  t h o s e  s t u d i e d .  
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