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Summary. A study has been made of the steady-state fluxes of barbituric acid, six 
of its substituted derivatives, and 5,5-dimethyloxazolidinedione (DMO) across the wall 
of rat jejunum in vitro. For each of the compounds tested the mucosal (M) to serosal 
(S) flux was significantly larger than the S to M flux. Both M to S and S to M fluxes 
increased linearly with concentration, and tile transport of one acid was not influenced 
by the presence of a tenfold greater concentration of a second heterocyclic acid. The 
fluxes decreased as the pH of the incubation saline was increased, but neither the M 
to S, nor the S to M fluxes could be described in terms of simple nonionic diffusion. 
It was found that the relation between the flux ratios of the transported acids and their 
pK a values could be described by an equation derived from consideration of the transport 
of a weak acid in a series three compartment system, and it has been concluded that 
the three compartment system provides a good working hypothesis for the mechanism 
of heterocyclic acid transport across rat jejunum. It was found that the best fit of the 
theoretical curve to the experimental data was obtained when the ratio of permeabilities 
to the ionized and nonionized forms of a weak acid at one of the barriers was assigned 
the value 5 x 10 1. It is suggested that this value may be characteristic of a noncellular 
restriction to diffusion, such as a layer of connective tissue, and substantiates previous 
suggestions that the intermediate compartment of the intestinal three compartment system 
is a component of the sub-epithelial extracellular space. 

Previous studies [4, 5, 6] have suggested that the mechanism for 
transport of some simple, monofunctional weak electrolytes across rat 
je junum in vitro may be described in terms of a series three compartment  
system, in which the driving force for transport is represented by a 
difference between the pH values of the intermediate, and end compart- 
ments, and where the vectorial characteristics of transport are deter- 
mined by differences in the permeability properties of the two barriers 
separating the adjacent compartments. Investigation of a theoretical mo- 
del of this system [3] suggests that it may be broadly applicable to 
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the t r anspor t  o f  a wide variety o f  weak electrolytes.  However ,  cer tain 

characterist ics,  in par t icu lar  the permeabi l i ty  proper t ies  of  the  barriers,  

appea r  to be critical de te rminants  o f  the ability o f  the system to effect 

net  t r anspo r t  o f  weak  electrolytes. Since it is to be ant ic ipa ted  that  

these critical proper t ies  will vary significantly f r o m  one weak  electrolyte 

to another ,  the suggest ion that  the t r anspor t  o f  a par t icu lar  c o m p o u n d ,  

or  g roup  of  c o m p o u n d s ,  may  be descr ibed in terms of  the general  mode l  

requires empir ical  just i f icat ion.  In the s tudy descr ibed here we have inves- 

t igated the t r anspor t  o f  several barb i tura tes  and  o ther  heterocycl ic  acids. 

The results o f  these studies suggest that  the mode l  m a y  be applicable 

to a pha rmaco log i ca l l y  significant g roup  of  c o m p o u n d s ,  and  provide  

quant i ta t ive  i n fo rma t ion  concern ing  the proper t ies  o f  the t r anspor t  sys- 

tem. 

Materials and Methods 

Male albino rats of the Wistar strain, weighing 150 175 g, were allowed food and 
water ad libitum to the time of experiments. Under Nembutal anesthesia (70 mg/kg i.p.) 
the entire small intestine from the distal end of the ligament of Treitz to the iteo-cecal 
junction was washed free of contents in situ with 0.9% saline. After washing, the intestine 
was manually stripped free of the mesentery and rinsed by immersion in chilled saline. 
Two segments, approximetety 5 cm in length, were cut from the mid-region of the isolated 
small intestine, opened along their antimesenteric borders, and mounted in Lucite flux 
chambers as described previously [6]. Each hemichamber was perfused via a gas lift system 
with 20 ml of incubation saline maintained at 37 ~ The transported weak acid was added 
in equal concentrations to both mucosal and serosal reservoirs, 1 pCi of a l~C-labelled 
tracer was added to one reservoir at the start of the experiment, and fluxes calculated 
from the rate of appearance of tracer in the other reservoir. Preliminary experiments 
showed that a steady-state was established 10-15 min after addition of tracer to the system, 
and that the steady-state was maintained for at least 120 rain. A flux was usually calculated 
from the mean increase in tracer in the trans reservoir during five or six consecutive 
10-min intervals, starting 20 min after addition of tracer to the cis reservoir. It should 
be noted that the n values given in the text indicate the number of pieces of tissue studied, 
and do not reflect the number of observations made on each piece of tissue. In some 
experiments the transmural electrical potential difference was determined. In these experi- 
ments matched calomel half cells were connected to the reservoirs by means of saturated 
KC1/2% agar bridges. The voltage difference between the half cells was evaluated with 
a digital multimeter (Model 160, Keithley Instruments, Cleveland, Ohio). 

The incubation saline was of the following composition in mEquiv/liter: Na +, 147; 
K +, 2.5; Ca 2+, 3; Mg 2+, 2; C1-, 125; SO~ , 2; phosphate, 2.5; HEPES, 25. This saline 
was equilibrated with 100% 02 before and during the course of the experiment. In most 
experiments the pH of the saline was 7.50 (+0.02), but in some experiments the pH 
was adjusted to 6.5 or 8.5. In most experiments the weak acids were dissolved directly 
in the incubation saline, but poorly soluble compounds, such as hexobarbital, were taken 
into solution in a small volume of ethanol which was then dispersed in the incubation 
saline. Preliminary experiments showed that the small volumes of ethanol used in this 
procedure did not influence the transport of readily soluble weak acids, or of galactose, 



Intestinal Barbiturate Transport 257 

suggesting that the experiments with poorly soluble acids were not influenced by the presence 
of ethanol. 

14C-labelled tracers for barbituric acid, barbital, phenobarbital, pentobarbital, amobar- 
bital, and secobarbital were obtained from California Bionuclear Corp., and 14C-labelled 
tracers for hexobarbital and 5,5-dimethyloxazolidinedione (DMO), were obtained from 
New England Nuclear. 

Results 

Steady-State Transmural Fluxes 

Table  1 shows the results of  a series o f  exper iments  in which were 

es t imated  the s teady-s ta te  t r ansmura l  fluxes in 1 mM solut ions  of  the 

eight he terocycl ic  acids inc luded in this study.  F o r  each o f  the c o m p o u n d s  

tested the M to S flux was significantly grea ter  t han  the co r r e spond ing  

S to M flux, bu t  the magni tudes  o f  the m ean  fluxes, and  the rat ios  

o f  the opposed  t r ansmura l  fluxes var ied signficantly f r o m  one c o m p o u n d  

to another .  The  M to S, and  S to M fluxes did no t  va ry  in parallel.  

F o r  example ,  the M to S fluxes o f  D M O  and  hexobarb i t a l  were similar 

to each other ,  and  were substant ia l ly  larger  t han  the M to S fluxes 

o f  mos t  of  the o ther  c o m p o u n d s  inc luded in these exper iments .  Howeve r ,  

a l though  the S to M flux o f  hexobarb i t a l  was large, the co r r e spond ing  

flux o f  D M O  was smaller  than  the S to M fluxes o f  mos t  of  the o ther  

c o m p o u n d s  inc luded in the study. Thus  the ra t io  o f  the t r ansmura l  fluxes 

did no t  va ry  regular ly  with the magni tudes  o f  the t r ansmura l  fluxes. 

The  initial p H  of  the salines used in these exper iments  was adjus ted  

to 7.50 in all cases, a n d  est imates  o f  the p H  values o f  the mucosa l  

Table 1. Transintestinal fluxes of heterocyclic acids 

Compound pK~ Jms Jsm n Jms/Jsm 

1. Barbituric acid 4.0" 41 _+ 3 14_+ 1 11 2.93 
2. DMO 6.1 b 143_+9 38_+2 8 3.76 
3. Phenobarbital 7.3 a 111 _+ 7 44_+ 3 8 2.50 
4. Barbital 7.8 a 78_+ 3 52_+ 7 9 1.50 
5. Amobarbital 7.8 a 113 + 4 78 • 3 8 1.45 
6. Secobarbital 7.9 a 120 _+ 5 74-+ 3 8 1.62 
7. Pentobarbital 8.0 a 105-+ 4 69 + 3 8 1.52 
8. Hexobarbital 8.2 ~ 146 _+ 14 116 _+ 3 9 1.26 

Units of fluxes are nmoles/cmahr. Jms is the flux from the mucosal, to the serosal 
fluid, and J~m is the flux in the opposite direction, pKa values from It] a or [8] b. Results 
are means _+ SEM for the number of experiments given under n. 
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and serosal fluids taken at the. end of the experiments showed that the 
pH did not change significantly during the course of the incubation. 
In the steady-state conditions in which the transmural fluxes were esti- 
mated, the transmural electrical potential difference (PD) averaged 
0.8 mV mucosal side negative, and this value appeared to be independent 
of the presence of the heterocyclic acids. 

Effects of Concentration 

Table 2 shows the effects of concentration on the fluxes of barbituric 
acid and two of its derivatives. In all cases the fluxes increased contin- 
uously with concentration over the 100-fold range included in these exper- 
iments. For any particular flux, the ratio of the flux and the concentration 
did not vary significantly from one concentration to another, indicating 
that the relations between the fluxes and concentration could be rep- 
resented by straight lines. In addition, the calculated intercepts of these 
lines were not significantly different from zero in all cases. Thus, these 
studies provided no evidence to suggest the existence of a rate-limiting 
component  in the transport of the heterocyclic acids. 

Effects of Analogues 

Table 3 shows that the fluxes of one barbituric acid derivative were 
not influenced by the presence of a structural analogue. In these experi- 
ments the concentration of the second acid added to the system was 
ten times greater than that of the acid the fluxes of  which were estimated, 
and the compounds used included two acids that are well transported 
(barbituric acid and phenobarbital:  flux ra t ios>2)  and one acid the 
transport  of which is less asymmetric (barbital: flux ratio < 1.5). Thus, 
the lack of interactions observed in these experiments suggests that the 
heterocyclic acids do not share a common rate-limiting step in their 

transport. 

Effects of pH 

Table 4 shows that the fluxes of barbituric acid and several of its 
derivatives varied with the pH of the incubation saline. Both the M 
to S, and S to M fluxes of the weak acids decreased as pH increased, 
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Table 3. Effects of structural analogues on transport of heterocyclic acids 

Addition Transported acid (0.1 mM) 

Barbituric acid 

Jms ~m 

Phenobarbital Barbital 

J~ J~.m J.,s 4~ 

None 4.3_+0.2 1.4• 
1 mM barbituric acid - - 
1 mM phenobarbital 4.0_+0.3 1.5• 
i mM barbital 4.3• 1.3• 

11 • 4.1-+0.2 8.1-+0.8 5,7• 
9.7-+1 4.0-+0.1 8 .9 -+1  6.2_+0.2 

- - 8.8• 5.7• 
11 •177 - - 

Table 4. Effects of pH on barbiturate fluxes 

Transported pH 6.5 pH 7.5 pH 8.5 
acid 

Jms 4m J~. 4,~ Jm~ J .... 

Barbituric Observed flux 6.2_+0.4 2.8_+0.3 4.4-+0.4 1.5-+0.2 3.2+_0.2 0.8-+0.1 
Calculated flux 44 l 5 0.4 0.15 

Phenobarbital Observed flux 16 +2 6.2_+0.5 i1 -+1.3 4.3-+0.3 9.5-+0.8 2.9-+0.2 
Calculated flux 24 10 1.6 0.7 

Barbital Observed flux 10 +_1.2 6.5+_0.4 8.3_+0.6 5.6-+0.3 6.8_+0.6 4.4_+0.3 
Calculated flux 12 8 2.1 1.4 

Pentobarbital Observed flux 14 -+1 7 _+0.6 9.8_+0.7 6.1_+0.4 8.9+_0.7 5.7-+0.6 
Calculated flux 13 7.8 3.1 1.9 

Hexobarbital Observed flux 16 _+2 12 +_1.3 15 _+1.1 13 _+0.8 12 _+0.8 9.1_+0.8 
Calculated flux 18 15 6 5.2 

Results are means • SaM for five experiments in each case. Values for calculated fluxes 
at pH 6.5 or 8.5 were computed from observed fluxes at pH 7.5 using the formula given 
in the text. 

suggest ing that  the changes  in the fluxes may  reflect var ia t ions  in the 

concen t r a t ions  o f  the non ion i zed  fo rms  of  the acids. The possibili ty 

tha t  the effects o f  p H  cou ld  be ascr ibed solely to changes  in concen t r a t i on  

o f  non ion ized  acid was tested in the fol lowing w a y :  J ackson  et aI. [6] 

have shown that  the unidirect ional ,  diffusive flux (J) of  the non ion ized  

fo rm of  a weak  acid t h r o u g h  a simple barr ier  is related to the concen t ra -  

t ion of  the acid (C) and  the p H  in the c o m p a r t m e n t  o f  origin of  the 

flux by an expression of  the f o r m :  

J =  P~iC/[1 + I0(PH-pKo)] 
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where pn~ is the permeability of the barrier to the nonionized form of 
the acid. Thus if the nonionized form of an acid is the only permeant 
species, and assuming that pni is independent of pH, the fluxes J~ and 
J2 at the pH values p i l l  and pH2 are related by the expression 

J2 =Jl[1 + 10(PHI-pK")]/[1 q- 10 (pH2 pKa)] 

Table 4 includes values of fluxes at pH 6.5 and 8.5 that were calculated 
from the observed fluxes at pH 7.5 using this expression, and these 
may be compared with the experimentally determined fluxes at pH 6.5 
and 8.5. In most cases agreement between calculated and observed fluxes 
was poor. The observed fluxes at pH 8.5 were always substantially larger 
than the calculated values and, in the cases of barbituric acid and pheno- 
barbital at pH 6.5, the observed fluxes were significantly smaller than 
the calculated values. The calculated and observed fluxes at pH 6.5 were 
similar in the cases of barbital, pentobarbital, and hexobarbital. However, 
the pKa values of the latter group of acids are all greater than 7.5, 
and both the calculated and the observed fluxes of these acids at pH 
6.5 were similar in magnitude to the fluxes observed at pH 7.5. Thus 
the similarities between the magnitudes of the calculated and observed 
fluxes of barbital, pentobarbital, and hexobarbital at pH 6.5 may be 
a reflection of the insensitivity of these fluxes to pH at values below 
7.5, and does not provide unequivocal support of the nonionic diffusion 
model on which the calculations were based. In all of the situations 
in which the calculated fluxes were significantly different than the 
observed fluxes at pH 7.5, the observed fluxes at pH 6.5 or 8.5 were 
significantly different than the corresponding calculated values. Thus 
the nonionic diffusion model does not provide a generally satisfactory 
explanation of the effects of pH on the transmural fluxes of heterocyclic 
acids, and it may be concluded that neither the M to S, not the S 
to M fluxes of these compounds can be described in terms of diffusion 
of undissociated acid through a simple barrier. 

Discussion 

Fig. 1 shows a model of the mechanism for weak electrolyte transport 
proposed in a study of the movements of several monocarboxylic acids 
and primary amines across the wall of rat jejunum in vitro [6]. The 
system consists of three aqueous compartments arranged in series and 
separated by the barriers I and II.  The forces influencing the movements 
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Mucosal fluid 
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Compartment ]2 

PI l l  PHz 

H A  ~ i 
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Fig. 1. Three compartment model for the mechanism of intestinal transport of weak electro- 
lytes. The arrows represent the unidirectional fluxes of nonionized acid (HA) and anion 

(A) which contribute to the exchanges of weak acid between the end compartments 

of  weak electrolytes in this system may include a difference between 

the pH values of  the intermediate and end compartments ,  and electrical 

potential differences at the barriers. 
The jejunal t ransport  of  monocarboxyl ic  acids and primary amines 

was found to be related with the acid-base metabolism of the tissue 

[5], but  was not altered by variations in the transmural PD in the range 
0 25 mV [6]. These observations suggested that the principal driving 

force for intestinal t ransport  of weak electrolytes may be associated 

with a difference between the pH values of the intermediate and end 

compartments ,  and Jackson et al. [6] showed that the transport  of  a 
weak acid in this type of  system is described by an expression of  the 

following form: 

Js,, [1 (P/.~ 10 (pu2-pK~ [1+(~)10 (pH~-pK")] +\PCV 
(1) 

where P~ and P ~  are the permeabilities to the ionized form of the 
acid at the barriers I and H respectively, and p~i and P~ are the corre- 
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sponding permeabilities to the nonionized acid; pHI and pH 2 are the 
pH values of the end compartments and the intermediate compartment, 
respectively; and pKa is the negative logarithm of the dissociation con- 
stant of the transported acid. The permeability ratios, (P~/P~) and (P}r/ 
P~}), describe the abilities of the barriers to discriminate between the 
ionized and nonionized forms of a compound, and examination of Eq. 
(1) shows that the conditions for net transport (JJJ,,,+ 1) of a weak 
acid in the system may be summarized as PH2 4=pill, and (p[/p~i)~(p~i/ 

n i  Pt~). Two types of observations suggest that the intestinal version of 
the three compartment system is one in which the pH of the intermediate 
compartment is greater than that of the bulk phases : (i) studies of interac- 
tions between concurrently transported weak electrolytes revealed a 
unique pattern that was distinctive of the high pH version of the three 
compartment system [6]; and (ii) jejunal transport of weak electrolytes 
was found to be well correlated with the activity of a serosally directed 
alkalinizing component of intestinal acid-base metabolism, and was inde- 
pendent of the luminally directed acidifying component [5]. 

The anatomical correlates of the barriers and intermediate compart- 
ment in the intestinal three compartment system have not been identified, 
but the following observations are pertinent to the development of a 
proposal for these structures : (i) the vectorial characteristics of intestinal 
weak electrolyte transport (Jm,/J,~ > 1 for carboxylic acids and J / J  < 1 
for primary amines [6]) requires an organization of permeability prop- 
erties that may be summarized as (p]/p~i)< (p]~/p~) in a system in which 
the pH of the intermediate compartment is greater than that of the 
bulk phases; (ii) the barriers to weak electrolyte movement associated 
with the intestinal wall include structures, such as unstirred water layers 
or layers of connective tissue, that are. poorly discriminatory for the 
ionized and nonionized forms of weak electrolytes, as well as cell mem- 
branes that are more permeable to the ionized form of a weak electrolyte 
than to its ion; (iii) study of a mathematical model of the three compart- 
ment system [3] has shown that significant asymmetries in weak electro- 
lyte transport may only be observed if the permeability properties of 
the two barriers differ by several orders of magnitude, and this degree 
of asymmetry can readily be conceived in terms of qualitative differences 
in the natures of the barriers, rather than quantitative differences between 
similar structures such as two cell membranes in series. For these reasons 
it has been suggested that the most discriminatory barrier of the intestinal 
system (barrier/) includes the epithelial layer, and that the least discrimi- 
natory barrier (barrier H) may be associated with a noncellular restriction 
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such as the sub-epithelial connective tissue. This proposal for the struc- 
tural organization of the intestinal three compartment  system was 
supported by a study of the electrical correlates of weak electrolyte 
transport in the intestine [4]. 

The experiments described in the present paper demonstrated asym- 
metric transport  of eight heterocyclic acids across the wall of rat je junum 
in vitro. The following observations suggest that the asymmetries in het- 
erocyclic acid transport  may reflect the function of the three compartment  
system discussed previously in connection with the transport  of mono- 
carboxylic acids and primary amines: 

1) Polarity of transport. For each of the heterocyclic acids included 
in our experiments the M to S flux was significantly larger than the 
corresponding S to M flux, indicating net transport  in the M to S 
direction, and this polarity is identical with that observed in the earlier 
studies on jejunal transport  of carboxylic acids [5, 6]. The vectorial char- 
acteristics of weak acid transport  in the three compartment  system are 
determined by the relative discriminatory abilities of the two barriers. 
Since in the intestinal system the polarity of permeability properties 
is believed to be associated with qualitative differences in the natures 
of the two barriers rather than quantitative variations in homologous 
structures, the pattern of asymmetry presented by the intestinal system 
should not vary from one weak acid to another, and the finding that 
the polarity of heterocyclic acid transport  is the same as that of the 
carboxylic acids is consistent with the suggestion that the mechanism 
of carboxylic acid transport  also influences the transmural movements 
of heterocyclic acids. 

2) Concentration dependence and (lack of) interactions between anal- 
ogues. The range employed in the studies of the effects of concentration 
on heterocyclic acid fluxes was limited by solubility considerations. 
Within the range used the fluxes were directly proportional to concentra- 
tion, and the calculated intercepts of the line relating flux and concentra- 
tion were not significantly different from zero in all cases. Thus these 
experiments provided no evidence that the transport of the heterocyclic 
acids is restricted by interaction with a limited number of specific mem- 
brane components,  and these observations are consistent with the propo- 
sal that the movements of the heterocyclic acids are diffusive. This propo- 
sal was supported by the finding that concurrently transported acids 
did not interact in their transports. Interactions between concurrently 
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transported weak electrolytes were observed in studies of the transport 
of carboxylic acids and primary amines [6]. Indeed, the particular mecha- 
nism proposed to account for the transport of these compounds was 
based largely upon demonstration of a characteristic pattern of interac- 
tions. It was suggested that the interactions observed in the earlier studies 
derived from modifications in the pH of the intermediate compartment  
associated with the movement of a weak electrolyte through the system, 
and two factors may have contributed to our failure to demonstrate 
a comparable pattern of interactions in the present studies of heterocyclic 
acid transport. First, most of the acids used in the present study are 
relatively weak with pKa values close to the pH of the incubation saline, 
and the capacity of the heterocyclic acids to modify the pH of their 
environment is much smaller than that of  the stronger electrolytes 
employed in the previous studies. Second, in the present experiments 
the well-poised HEPES buffer was used in contrast to less stable bicarbon- 
ate/CO2 system employed in the earlier experiments, and the lack of 
interactions found in the studies of heterocyclic acid transport may be 
associated with the improved buffering characteristics of the system. 
In summary, the lack of interactions between concurrently transported 
compounds observed in the present study contra-indicates a carrier-me- 
diated mechanism, but is not inconsistent with the three compartment  
system for weak electrolyte transport. 

3) Quantitative correlation of data with model. In Fig. 2 weak acid 
flux ratios have been plotted against pK,. The individual data points 
included in the figure were taken from Table 1, and the lines drawn 
through these points were calculated using Eq. (1). In making these 
calculations, p i l l  was made equal to the pH of the bulk phases in 
the studies of heterocyclic acid fluxes (7.5), and pKa was varied in the 
range 4 through 8.5. The values used for pH2, (PAP• i and (PII/PH)I ni 
were chosen by an iterative procedure to fit the calculated curve to 
the empirical data. It was found that a satisfactory fit was obtained 
in the case of a single, unique set of values for the three determinants, 
and this curve is illustrated by the solid line drawn through the data 
points in the figure. In constructing this curve the determinants were 
assigned the following values: pH 2 = 8.1 ; (p~/p~i) = 5 x 10 s ; and (P~II/ 

ni P~I)=5 • 10-1. Small variations in the values of any of these determi- 
nants led to significant changes in the position or profile of the resulting 
curve, and a poor fit to the experimental data. For example, values 
of z ni (Px/P~) one-half order of  magnitude greater (curve a) or smaller 
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Fig. 2. Relations of flux ratios and pKa. The individual data points (o) are taken from 
Table 1, and the lines were calculated from Eq. (t) using the numerical values for the 

determinants given in the text 

(curve b) than 5 • 10 5 changed the profile of the curve at low values 

of pKa, and the resulting curves were significantly separated from data 
(PII/PH) one-half order point 1, (barbituric acid). Similarly, values of i ni 

of  magnitude smaller (curve c) or greater (curve d) than 5 • 10 1 shifted 
the position of the curve at high pKa values so that all of the data 
points lay on one side of the resulting line. The figure does not  include 
lines illustrating the influence of pH2, but variations in this determinant 
of as small as 0.05 unit on either side of 8.1, produced changes in 
the profile of  the curve and excluded two, or more data points from 
the fit. Thus the fit of  the empirical data to the theoretical model appears 
to be highly characteristic, and cannot  be ascribed to a broad catholicity 

of the model. 
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In summary, the qualitative characteristics of heterocyclic acid trans- 
port across rat je junum in vitro are consistent with the proposal that 
the three compartment  system described previously in connection with 
the transport of carboxylic acids and primary amines may also influence 
the movements of heterocyclic acids, and a mathematical model of the 
three compartment  system provides a good quantitative description 
of the relation between the flux ratios of the heterocyclic acids and their 
pK,  values. For these reasons we conclude that the three compart- 
ment system provides a good working hypothesis for the mechanism 
of heterocyclic acid transport across rat je junum in vitro. 

It has been suggested [4, 6] that barrier H of the intestinal three 
compartment  system may be an extracellular restriction such as a layer 
of connective tissue, and it was proposed that the permeability properties 
of this barrier are determined mainly by diffusional pathlength consider- 
ations which are similar for the ionized and nonionized forms of a 
weak electrolyte so that the permeability ratio characteristic of barrier 
H is close to unity. The present studies showed that the calculated curve 
obtained using i ni Pu/Pr~ = l did not provide a satisfactory fit of the experi- 
mental data, and that the line of apparent best fit required that barrier 
H should be assigned a modest but significant discriminatory property 

i ni 1).  (PI~/PII= 5 • 10- However, this finding does not necessarily require 
reconsideration of the morphological basis of intestinal weak electrolyte 
transport proposed previously. Biochemical studies have shown that con- 
nective tissue consists largely of polyanionic macromolecules [7]. The 
fixed negative charges at the surfaces of these molecules may be expected 
to exert some restriction on the diffusion of negatively charged solutes 
through the interstices of the tissue, and to provide some discrimination 
between undissociated acid and anion. In this context it is of interest 
to note that an analysis of electrolyte transport in the intestine [2] 
suggested the existence of a sub-epithelial barrier bearing negative fixed 
charged groups that exhibited a small degree of discrimination between 
cations and anions. Thus the present studies of weak electrolyte transport 
are consistent with the functional organization suggested in studies on 
the intestinal transport of strong electrolytes, and support the proposal 
that the intermediate compartment  of the weak electrolyte transport 
system is a component  of the sub-epithelial extracellular space. 

The value for the permeability ratio at barrier I obtained in the 
present studies (P~/P~i = 5 • 10 5) confirmed the suggestion made in ear- 
lier work [6] that the value of this determinant would be equal to, or 
less than 10 .4  for weak acids. Studies of a mathematical model of the 
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three compartment  system [3] have shown that electrical potential differ- 
ences, of magnitudes comparable to those seen in the intestine, exert 
a negligible influence on weak electrolyte movements at barriers charac- 
terized by permeability ratios smaller than 10 .3  . Thus the finding that 
the permeability ratio at barrier I of the intestinal system is as low 
as 5 x 10- s supports the suggestion that the principal driving force for 
weak acid transport can be described in terms of a difference between 
the pH values of the intermediate compartment  and the bulk phases, 
and that electrical potential differences play a minor role in the intestinal 
transport of weak acids. However, the present studies have provided 
little additional information concerning the nature of barrier I in the 
intestinal system, or of the physiological properties that determine weak 
acid permeabilities at this barrier. Jackson and Kutcher [4] have suggested 
that barrier I may be a complex structure consisting of the whole epithelial 
layer in which the ratio pi/pni represents the relative permeabilities of 
the extracellular Shunt channel to anions, and of the transcellular channel 
to the nonionized forms of weak acids. If this proposal is correct the 
present studies suggest that the permeability of the cellular element to 
the nonionized form of a weak acid should be more than four orders 
of magnitude greater than the permeability of the extracellular shunt 
to the anion, but we have no independent data that allows this proposal 
to be evaluated. 

Studies of intestinal acid-base metabolism [5] have shown that the 
tissue readily generates pH differences between mucosal and serosal bulk 
phases of 0.5 unit in suitable conditions of incubation. Thus the sugges- 
tion that the pH of a component  of the sub-epithelial extracellular space 
is maintained at a level 0.6 unit greater than that of the bulk phases 
is not inconsistent with the known properties of the tissue. In a previous 
study it was suggested that the development of a compartment  of high 
pH within the intestinal wall may be associated with the serosally directed 
transport of bicarbonate [6]. The present studies showed that transport  
of weak acids may be observed in the absence of exogenous bicarbonate 
and CO2. This observation does not  preclude the possibility that the 
transport  of weak electrolytes is dependent upon the handling of bicar- 
bonate derived from cellular metabolism, but suggests that other asym- 
metric components  of intestinal acid-base metabolism, such as cation- 
coupled hydrogen ion movements,  may require consideration for the 
mechanism of development of the distinctive pH in the intermediate 
compar tment  of the intestinal three compartment  system for weak electro- 
lyte transport. 
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