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ABSTRACT 

Presented here are a) a simple procedure for measuring 

regional permeability differences of compounds in the small in- 

testine of a single rat, and b) preliminary study to test the 

procedure utilizing seven different benzoic acids, e.g. benzoic 

acid, o-hydroxybenzoic acid, 3,4,5-trihydroxybenzoic acid, p- 

hydroxybenzoic acid, m-hydroxybenzoic acid, 3,5-dinitrobenzoic 

acid, and 2,5-dihydroxybenzoic acid. Rates of disappearance 

(absorption) of these compounds were measured simultaneously in 

upper and lower segments of the small intestine using this vari- 

ation of the in situ rat gut absorption study technique. Under 

the experimental conditions used, disappearance rate of a given 

* Supported in part by grant funds from Rowel1 Labs., Baudette, 
Minnesota . 
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910 SWINTOSKY AND POGONOWSKA-WALA 

compound w a s  no d i f f e r e n t  from upper o r  lower segment f o r  any of 

t h e  compounds except  for  p-hydroxybenzoic a c i d .  The l a t te r  d i s -  

appeared about  t h r e e  t imes f a s t e r  from t h e  upper than  lower 

segment. Not on ly  is t h i s  exper imenta l  procedure of u t i l i t y  i n  

d i f f e r e n t i a t i n g  r e g i o n a l  p e r m e a b i l i t y  w i t h i n  t h e  i n t e s t i n e .  It 

o f f e r s  t h e  o p t i o n  of t e s t i n g  t h e  e f f e c t  of an  a d d i t i v e  o r  o t h e r  

environmental  change on compound p e r m e a b i l i t y ,  w h i l e  t h e  o t h e r  

segment s e r v e s  as a c o n t r o l .  

INTRODUCTION 

I n  r e c e n t  decades s u s t a i n e d  release o r a l  dosage forms were 

designed t o  release medica t ion  cont inuous ly  over  t h e  e n t i r e  

l e n g t h  of t h e  g a s t r o i n t e s t i n a l  t r a c t  i n  a d d i t i o n  t o  release i n  t h e  

stomach. I n  t h i s  regard  and f o r  a d d i t i o n a l  r e a s o n s  i t  i s  of 

i n t e r e s t  t o  determine whether t h e  ra te  of d i sappearance  (absorp-  

t i o n )  of drug o r  non-drug compounds v a r i e s  s i g n i f i c a n t l y  i n  

d i f f e r e n t  r e g i o n s  of t h e  small i n t e s t i n e .  I n  o r d e r  t o  accomplish 

t h i s  o b j e c t i v e ,  an  exper imenta l  v a r i a t i o n  of t h e  i n  s i t u  r a t  gut  

technique  was devised  which al lowed t h e  u t i l i z a t i o n  of  a s i n g l e  

ra t  p e r  experiment f o r  t h e  s imul taneous  d e t e r m i n a t i o n  of d i sap-  

pearance rates from two gut  segments,  of a series of s t r u c t u r a l l y  

r e l a t e d  benzoic  a c i d s .  

MATERIALS AND PROCEDURES 

Seven compounds n o t  p r e v i o u s l y  s t u d i e d  as a group i n v e s t i g a t e d  

and t h e i r  pKa's are given i n  Table I.  Types of ra ts  u s e d ,  methods 

of s o l u t i o n  p r e p a r a t i o n  and a n a l y s e s ,  and g e n e r a l  experimental  

procedures  are as p r e v i o u s l y  r e p o r t e d  (1,2) from t h e s e  labora-  

t o r i e s .  
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912 SWINTOSKY AND POGONOWSKA-WALA 

The p r e s e n t  experiment w a s  performed i n  a way t h a t  t h e  only  

v a r i a b l e  w a s  an  ana tomica l  and f u n c t i o n a l  d i f f e r e n c e  between t h e  

two segments of i n t e s t i n e .  For t h e  p u r p o s e , o f  s t a n d a r d i z a t i o n  of 

t h e  exper imenta l  c o n d i t i o n s  a l l  of t h e  t e s t e d  compounds were d i s -  

so lved  i n  t h e  b u f f e r  of t h e  pH d e s i r e d  t o  a t t a i n  50% d i s s o c i a t i o n  

i n i t i a l l y .  The s u r f a c e  area t o  volume r a t i o  was maintained 

e s s e n t i a l l y  c o n s t a n t  by u s i n g  a uniform l e n g t h  of  two segments of 

t h e  s m a l l  i n t e s t i n e ,  and a c o n s t a n t  volume of t h e  s o l u t i o n s  i n -  

t roduced i n t o  them. 

A m i d l i n e  i n c i s i o n  was made t o  expose t h e  r a t  s m a l l  i n -  

t e s t i n e ;  t h e  b i l e  d u c t  w a s  n o t  l i g a t e d .  The small i n t e s t i n e  w a s  

d iv ided  i n t o  p o r t i o n s  as  fo l lows:  (a) upper s e c t i o n  - beginning  

2 cm d i s t a l  t o  t h e  l igament  of Tr ie ts  and (b )  lower s e c t i o n  - 

measured proximally beginning 2 cm proximal  t o  t h e  cecum. Both 

s e c t i o n s  c o n s i s t e d  of 30 c m  l e n g t h s  of t h e  i n t e s t i n e .  The se- 

l e c t e d  reg ions  were s e p a r a t e d  by double  l i g a t i o n  and g l a s s  cannulae 

were i n s e r t e d  a t  both ends of  t h e  upper and lower segments of t h e  

i n t e s t i n e .  Each of t h e  cannulae were connected t o  30 m l  s y r i n g e s  

f i t t e d  w i t h  s topcocks ,  as i l l u s t r a t e d  i n  F i g u r e  1. 

The i n t e s t i n a l  lumen were washed g e n t l y  w i t h  i s o t o n i c  s a l i n e  

and f i v e  mi l l i l i t e rs  of a i r  were in t roduced  t o  e x p e l  r e s i d u a l  

s a l i n e  and then  were g e n t l y  removed. Exac t ly  10 m l  of drug  

s o l u t i o n s  a t  37 C ,  b u f f e r e d  a t  t h e i r  r e s p e c t i v e  pKa's, were i n -  

t roduced into upper and lower i n t e s t i n a l  segments ,  and t h e  i n -  

t e s t i n e  w a s  r e t u r n e d  t o  t h e  abdominal c a v i t y  and covered w i t h  

gauze. 

t h e  procedure and c a r e  w a s  taken  t o  e l i m i n a t e  b leeding .  

0 

0 The i n t e s t i n e  w a s  k e p t  moist  and warm a t  about  37 C d u r i n g  
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D I SAPP EARANC E RATES OF COMPOUNDS 
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913 

FIGURE 1 

Modified in situ gut technique illustrating the method for 
simultaneously determining the rate of drug disappearance from 
two different portions of the gut in a single animal. 

The solutions in the lumen were sampled immediately after in- 

troduction (time zero) and at 5 min intervals up to 65 minutes by 

aspirating solution into one of the syringes and withdrawing 0.1 ml 

samples prior to returning solution to the lumen. At the end of 

the experiment the remaining lumen solutions were collected, and 

their volumes and pH's were monitored. 

RESULTS AND DISCUSSION 

Despite the fact that the solutions introduced into the lumen 

were isotonic and buffered, they underwent some changes in volume 

and pH during the in situ experiments. After 65 minutes the 

volume of the lumen solutions were about 10% less than the 

initial values; however, variations in volume between the two in- 

testinal segments were insignificant. Increase in the pH of the 

lumen solutions, sometimes as much as 1 pH unit, occurred during 

the experiment, but such variations from original conditions oc- 
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914 SWINTOSKY ANTI POGONOWSKA-WAJA 

c u r r e d  s i m i l a r l y  i n  both  upper and lower segments of t h e  small 

i n t e s t i n e .  The v a l u e  of conduct ing t h e  d isappearance  rate 

s t u d i e s  s imul taneous ly ,  from d i f f e r e n t  gu t  segments w i t h i n  a 

s i n g l e  r a t ,  e f f e c t i v e l y  overcomes t h e  problems which might o t h e r -  

w i s e  b e  in t roduced  by such v a r i a t i o n s .  

( a t t r i b u t e d  t o  a b s o r p t i o n )  of benzoic  a c i d  and i t s  r e l a t e d  d e r i v -  

at ives followed approximate f i r s t  o r d e r  k i n e t i c s  from b o t h  t h e  

upper and lower segments of t h e  s m a l l  i n t e s t i n e .  The ra te  con- 

s t a n t s  and h a l f  l i v e s  f o r  d i sappearance  from t h e  g u t  lumen were 

c a l c u l a t e d  f o r  t h e  two d i f f e r e n t  segments of t h e  i n t e s t i n e .  These 

are shown i n  t h e  t a b l e .  Half l i v e s  ranged from a low of about  1 3  

minutes  f o r  benzoic  a c i d  t o  a h i g h  of about  144  minutes  f o r  3 , 4 , 5 -  

t r ihydroxybenzoic  a c i d ,  under t h e  c o n d i t i o n s  of t h i s  s t u d y .  One 

can conclude t h a t  w i t h  t h e  e x c e p t i o n  of one compound, p-hydroxy- 

benzoic  a c i d ,  t h e r e  were not  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  

between t h e  a b s o r p t i o n  rate c o n s t a n t s  f o r  t h e  upper and lower i n -  

t e s t i n a l  segments.  This  is  d e s p i t e  t h e  f a c t  t h a t  some d i f f e r e n c e s  

i n  anatomy and physiology e x i s t  between segments of t h e  i n t e s t i n e .  

The d a t a  s u g g e s t s  t h a t  a b s o r p t i o n  e f f i c i e n c y  is probably similar 

i n  t h e  upper and lower t r a c t  of t h e  i n t e s t i n e  f o r  many compounds. 

On t h e  o t h e r  hand p-hydroxybenzoic a c i d  i l l u s t r a t e s  t h e  e x c e p t i o n ,  

and presumably t h e r e  are o t h e r  examples of except ions  which t h i s  

s imple exoer imenta l  method can d e t e c t .  The exper imenta l  method 

shows t h a t  d i sappearance  from t h e  lumen. of p-hydroxybenzoic a c i d ,  

i l l u s t r a t e d  i n  FiEure 2 ,  i s  about  t h r e e  times f a s t e r  from t h e  

upper than  t h e  lower gut  segments.  

why t h i s  i s  so ,  and t h i s  s tudy  d i d  n o t  have t h a t  as a purpose.  

The d isappearance  

The method does n o t  e x p l a i n  
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FIGURE 2 

P l o t s  f o r  disappearance of p-hydroxybenzoic ac id  from t h e  lumen of 
equal  lengths  of upper and lower small  i n t e s t i n e  of rat .  S tudies ,  
done s imultaneously i n  a s i n g l e  ra t ,  i n d i c a t e  t h r e e  t i m e s  f a s t e r  
disappearance from upper than lower t r a c t .  

This technique f o r  comparing absorp t ion  r a t e s  of a s i n g l e  

compound from d i f f e r e n t  segments of s m a l l  i n t e s t i n e  i n  a s i n g l e  

r a t  i s  r e l a t i v e l y  f a s t  and inexpensive.  It lends  i t s e l f  t o  

f u r t h e r  simultaneous s t u d i e s  of d i f f e r e n t  c l a s s e s  of compounds 

from d i f f e r e n t  segments of t h e  G.I. t r a c t .  Also f o r  a given com- 

pound t h a t  is  absorbed a t  i d e n t i c a l  r a t e s  from upper and lower 
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916 SWINTOSKY AND POGONOWSKA-WALA 

segments of t h e  s m a l l  i n t e s t i n e  when lumen c o n t e n t s  a re  s imilar ,  

t h e r e  i s  p rov ided  h e r e ,  € o r  example,  a n  e x p e r i m e n t a l  method f o r  

t e s t i n g  t h e  e f f e c t  on a b s o r p t i o n  ra te  of changing t h e  lumen con- 

t e n t  o r  pH i n  one segment and comparing i t  w i t h  t h e  o t h e r .  

1. 

2. 

J. T .  

and J 

J. V. 
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