
chlorides11 having a purity of 99.5%. The palmitic acidI2 used was 
recrystallized twice from chloroform and had a melting point of 
63.2”. The stearic acid was also recrystallized twice from chloro- 
form 2nd had a melting point of 70”. 

The purity of all the samples was determined hq vapor phase 
chromatography. 

REFERENCES 

(1) R. D. Vold, F. B. Rosevear, and R. H. Ferguson, Oil 

(2) W. S. Singleton, R. T. OConnor,  M. Murray, and F. C. 

(3) W. S. Singleton, T. L. Ward, and F. G. Dollear, ihid., 27, 

(4) W. S. Singleton and E. J. Vicknair, ibd., 28, 342(1951). 
(5) E. A, Bailey, “Melting and Solidification of Fats,” Inter- 

science, New York, N. Y., 1950, p. 102. 
(6) L. J. Ravin and T. Higuchi, J.  Am. Pharm. Assoc., Sci. 

Ed. 46, 732(1957). 
(7) A. P. Simonelli and T. Higuchi, J.  Phcrrm. Sci., 51, 584 

(1 962). 
(8) P. E. Wray, “The Kinetics of the Solid-Liquid Phase 

Transformations of Methyl Stearate,” Ph.D. thesis. University of 
Wisconsin, 1963. 

Soup (Egypt), 16, 48(1939). 

Pack, J .  Am. Oil Chemists’ Soc., 29,457(1952~. 

143( 1950). 

11 Lachet Chem., Inc., Chicago, Ill. 
1 2  Eastman Organic Chemicals, Rochester, N. Y. 

(9) A. J. Aguiar. J .  Krc, Jr., A. W. Kinkel, and J. Samyn, 
J.  Pharm. Sci.: 56, 847(1967). 

(10) J. Krc, Jr., private communication. 
(11) F. Gilpin, J .  Am. Chem. Soc., 70, 208(1948). 
(12) W. C. McCrone, Jr., “Fusion Methods in Chemical Micros- 

copy,” Interscience, New York, N. Y., 1957, p. 128. 
(13) R. H. Ferguson and E. S. Lutton, Chem. Rec., 29, 355 

(1941). 
(14) J. C. Smith, J. Chem. Soc., 1931, 802. 
(15) A. R. Ubbelohde, “Melting and Crystal Structure,” Oxford 

University Press Amen House, London, England, 1965, p. 76. 
(16) “Temperature measurements resistance thermometry.” 

Leeds & Northrup, General Company Training Course. 
(17) “Bulletin of the Bureau of Standards.” vol. 13, Govern- 

ment Printing Office, Department of Commerce. Washington, 
D. C., 1916-1917. 

ACKNOWLEDGMENTS AND ADDRESSES 

Received January 31, 1969, from the Product Decelopment De- 
partment Dicision of Medical and ScienfiJic Affciirs, Purke, Dcrcis & 
Company, Detroit, MI 48232 

Accepted for publication March 28, 1969. 
The author is grateful to Mr. P. Kenyon of the Engineering 

Division, for his excellent technical help in assembling the equip- 
ment used in the study, and for programming the temperature- 
resistance relationship; to Mr. J. Fisher for synthesizing the chlor- 
amphenicol esters; to Mr. J. Krc for discussions regarding this 
work; and to Dr. L. M. Wheeler for his interest and support. 

Physiologic Surface-Active Agents and Drug Absorption 11: 
Comparison of the Effect of Sodium Taurodeoxycholate and 
Ethylenediaminetetraacetic Acid on Salicylamide and 
Salicylate Transfer Across the Everted Rat Small Intestine 

STUART FELDMAN* and MILO GIBALDI 

Abstract 0 The effect of sodium taurodeoxycholate (STDC) and 
ethylenediaminetetraacetic acid (EDTA) on the transfer of salicyl- 
amide and salicylate across the everted rat intestine was studied. 
STDC produces a small but statistically significant increase (1 1- 
21 Yc) in the intestinal transfer rate of salicylamide over a concentra- 
tion range of 5-100 m M  but has no measurable effect at a 1 m M  
concentration. There is a small but statistically significant increase 
(about 2 0 5 )  in the intestinal transfer rate of salicylate after the 
intestine has been exposed to 25 m M  EDTA but the chelating agent 
has no significant effect on salicylamide transfer. The results in- 
dicate that both EDTA and STDC alter membrane structure and 
thereby affect permeability but by two different mechanisms. 

Keyphrases 0 Surfactants-drug absorption 0 Salicylate, salicyl- 
amide transfer-EDTA, sodium taurodeoxycholate effect 0 
Everted intestine-transfer rates 0 Colorimetric analysis-spectro- 
photometer 

The previous report in this series concerned the 
effects of sodium taurodeoxycholate (STDC) on the 
transfer rate of salicylate ion across the everted rat 
intestine (1). The bile salt was found to produce a 
change in the permeability of the intestine to salicylate; 
a small increase in transfer rate was noted at concentra- 
tions of STDC near or about the CMC and a much 

larger increase in membrane permeability was observed 
at  STDC concentrations above the CMC. These findings 
were consistent with other reports on the effects of 
bile salts on the canine gastric mucosa (2) and goldfish 
membranes (3). 

The purpose of the present study was to contrast the 
effects of STDC on the membrane transfer of union- 
ized and ionized molecules and to explore the possible 
commonality of effects of disodium ethylenediamine- 
tetraacetic acid (EDTA) and bile salts on drug transfer 
across the everted rat small intestine. Salicylate and 
salicylamide served as model drugs for this purpose. 

EXPERIMENTAL 

Intestinal Transfer Rate Measurements-The cannulated everted 
intestine method developed by Crane and Wilson (4) was used with 
the modifications described previously (1). Male Sprague-Dawle) 
rats (Blue Spruce Farms, Altamont, N.Y) weighing 200-265 g. 
were fasted 20-24 hr. prior to each experiment. Water was allowed 
ad libitum. Each everted intestinal segment, 10 cm. in length, was 
suspended in 80 ml. of mucosal solution at  37” and oxygenated with 
a mixture of 95 oxygen-carbon dioxide. The mucosal solu- 
tion was Krebs-phosphate buffer (KPB) without calcium or mag- 
nesium, at  either pH 6.0 or 7.4, and contained varying concentra- 
tions of sodium taurodeoxycholate (STDC) or disodium ethyl- 
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Figure I-Effect of I 0  m M sodium tuurodeo.ryc.liolte OIZ sulicyl- 
amide 1ruiiTfefl.r ucross the euerted rut small iiitrstine. Representtitice 
plot shows cumulutioe oinoitnt trunsferred us u fittiction of time ujtrr 
a I lir. incubation in I 0  niM STDC in p H  6.0 buffer soliitioii (a) or 
iii p H  6.0 buffer solution (0). 

enediamine tetraacetic acid (EDTA), 25 mM. Two milliliters of 
serosal solution (KPB)’ at  pH 6.0 or 7.4 were introduced into 
the everted segment. The entire everted intestine was incubated for 
a period of 1 hr. unless otherwise specified. 

After incubation, the segments were thoroughly rinsed with KPB 
(prewarmed to 37”) and placed in fresh KPB at pH 6.0 containing 
either sodium salicylate 2.0 mg./ml. or salicylamide 2.0 mg./ml. 
TWO milliliters of KPB, pH 6.0, were placed in the serosal side of 
the intestinal segment. Serosal samples were withdrawn at ap- 
propriate intervals during the experiment and the serosa was rinsed 
with 2 ml. of KPB. The rinse was combined with the initial sample 
and retained for analysis. Another 2 ml. of KPB was then placed 
in the intestinal segment to serve as serosal solution for the next 
time interval. The serosal fluid was sampled over a I-hr period. 

The drug solutions were maintained at  pH 6.0 since at that pH 
salicylic acid with a pKa of 3 would be essentially 100% ionized and 
the transfer of salicylate ion could be studied. At a pH of 6.0, 
salicylamide with a pKa of 8.3 would be virtually unionized and 
transfer of the unionized, lipid-soluble species could be studied. The 
pH of the solutions were checked before and after each experiment 
and did not vary by more than 0.1 pH unit. All solutions were ad- 
justed to 150 m M  Na+ concentration by the addition of sodium 
chloride. 

The experimental approach outlined above, using incubation 
techniques, was particularly desirable to minimize drug-bile salt 
interactions which could affect the drug transfer rate ( 5 ) .  

Reversibility or Blocking of EDTA and Taurodeoxycholate Effects 
--It was of interest to investigate the possibility that the effects of 
EDTA and STDC on the permeability of the everted intestinal 
membrane could be reversed by incubation of the intestinal segments 
in a solution of divalent cations. After incubation of the intzstinal 
segment in KPB containing 25 mmole EDTA at pH 7.4 for 0.5 hr.2 
or in KPB containing 1 mmole STDC at pH 6.0 for 1 hr., the seg- 
ments were rinsed with KPB (pH 6.0) and placed for 15 min. in a 
solution containing either 154 mmole sodium chloride (control) or 
various concentrations of magnesium chloride or calcium chloride 
plus sufficient Naf to yield a total cation concentration of 154 
mmole. The segmeats were then rinsed, placed in 2 mg.jml. salicylate 
solution at pH 6.0, and the transfer rates were determined as dis- 
cussed above. 

To investigate whether a partially chelated EDTA would “block” 
or reduce the increase in membrane permeability observed with 
EDTA, the intestinal segments were incubated in 25 m M  disodium 
magnesium ethylenediaminetetraacetic acid ( Mg-EDTA) and 
disodium calcium ethylenediaminetetraacetic acid (Ca-EDTA) at  
pH 7.4 for 1 hr. In each case a paired segment was exposed to 25 

1 In some experiments the serosal solution also contained a concentra- 

2 Initial studies showed that incubation of the intestinal segment for 
tion of STDC or EDTA equal to that present in the mucosal solution. 

up to one hour resulted in identical transfer rates. 
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mM EDTA under comparable experimental conditions. Transfer 
rates of salicylate were then determined in the usual manner. 

Assay Procedure-The serosal samples were acidified to pH I by 
the addition of several drops of 6 N HCI. Suficient 0.1 N HCI was 
added to bring the total serosal fluid volume up to 5 ml. After 
appropriate dilutions 5 ml. of Trinder’s reagent (6) was added to 
an aliquot of the serosal fluid and the solution filtered (Millipore 
filter, 0 .45~) .  This solution was analyzed in a spectrophotometer 
(Hitachi-Perkin-Elmer model 139) at a wavelength of 540 nip. 
The amount of salicylate or salicylamide in each sample was 
calculated from standard curves. Neither STDC nor “blank” 
serosal fluid interfered with the assay procedure. Using the incuba- 
tion procedures outlined above, EDTA was also found not t o  
interfere with the assay procedure. This fact was ascertained by 
adding known quantities of salicylate to “blank” serosal fluid from 
intestinal segments previously incubated with EDTA as described. 

Data Evaluation-Repeated determination of transfer rate con- 
stants under various experimental conditions revealed no significant 
differences between the first and second intestinal segment. Ac- 
cordingly, no distinction was made, with respect to segment, in 
evaluating and reporting the data. All experiments were run in a 
cross-over fashion with respect to segments. 

The apparent zero-order transfer rate constants for the transfer 
of salicylate or salicylamide were determined from the linear seg- 
ment of a plot of cumulative amount of drug transferred Cersiis 
time. The steady-state (or linear) region was discerned from rate 
plots as discussed previously (1). 

The data was evaluated statistically by means of Student’s f 
test using both unpaired and paired (control uersiis test condition 
in the two intestinal segments of a single rat) data (7). 

Materials-Sodium taurodeoxycholate (STDC), (Ma) bridge 
Chemical Co., Ltd., North Cornwall, England) chromdtographi- 
cally pure. Ethylene diamine tetradcetic acid, disodium salt (Fisher 
certified reagent grade). Disodiuin calcium ethylenediaminetetra- 
acetic acid and disodium magnesium ethylenediaminetetraacetic 
acid (K and K Laboratories Inc., Plainview, N. Y.) .  All other chem- 
icals used in the study were reagent grade and used as such without 
further purification. 

RESULTS 

Effect of STDC Concentration on Intestinal Transfer Hate of 
Salicylamide-Figure 1 shows a typical cumulative plot of the 
amount of salicylamide transferred (mucosal to serosal) cersiis time 
across a segment pretreated in mucosal solution containing 10 
m M  STDC in KPB, or KPB alone. The rates of salicylaniide trans- 
fer were obtained from a least squares fit of the linear region of the 
cumulative plots. The steady-state transfer rates at various con- 
centrations of STDC are reported in Table I. 

The results show a small but significant increase (paired com- 
parison, p <0.05) in the rate of salicylamide transfer after incuba- 
tion of the intestinal segment in the presence of 5 ,  10, and 100 
mM STDC. Statistical comparison of the ratios of the rate of 
salicylamide transfer after STDC incubation to that after control 
incubation in paired segments revealed no significant difference 
between the effects at  5 ,  10, and 100 mA4 STDC. Transfer rates 

Table I-Effect of Sodium Taurodeoxycholate (STDC) on 
Transfer Rate of Salicylamide Across the Rat Small 
Intestine at pH 6.0 

No. of 
Intes- Mean 

Incubation tinal Transfer Rate 
Medium Segments f SD mcg., min. 

Control, buffer solution 17 129 f 10 
STDC, mucosal, mM 

100 4 149 i 16 
10 5 156 f 1 
5 3 143 f 6 
1 2 113 (120. 106) 

STDC, mucosal-serosal, mM 
1 3 1 3 1  i 6 



Table 11-Effect of EDTA on Transfer Rate of Salicylamide and 
Salicylate Across the Rat Small Intestine" 

No. of Mean Transfer 
Incubation Intestinal Kate 4~ SD 

Medium Segments mcg./min. 

Salicylamide 
Control, KPB,b pH 6.0 6 121 f 8 
EDTA, 25 mM, pH 6.0 6 120* 1 1  
Control, KPB, pH 7.4 4 125 + 4 
EDTA, KPB, pH 7.4 4 129 f 8 

Salicylate 
Control, KPB, pH 6.0 6 30 f 3 
EDTA, 25 mM, pH 6.0 6 34 f 3 
Control. KPB, pH 7.4 4 33 f 3 
EDTA, 25 mM, pH 7.4 4 42 f 6 

a Data grouped according to paired segments. 6 Krebs phosphate 
butfer. 

obtained after pretreatment with 1 mM STDC showed no sig- 
nificant difference from control levels. 

Effect of EDTA on Transfer Rate of Salicylamide and Salicylat+ 
Incubation of the everted intestinal segments in 25 mM EDTA at 
either pH 6.0 or 7.4 resulted in no statistical difference in salicyl- 
amide transfer rates from control values (Table 11). 

In contrast, incubation of the everted intestine preparation in 
25 mM EDTA at pH 6.0 resulted in a small (14z)  but significant 
( p  <0.05) increase in the rate of salicylate transfer based on paired 
comparisons. Incubation of the intestinal segments in 25 mM 
EDTA at pH 7.4 resulted in a larger (29 %) increase in the transfer 
rate of salicylate when compared to control values. Comparison of 
the transfer rates of salicylate after incubation of the sement at 
pH 6.0 and 7.4 in the presence of EDTA resulted in a significant 
difference ( p  <0.05) between the two experimental conditions. 

Influence of Divalent Cation Rinse on the Reversibility of the 
EDTA and Taurodeoxycholate Effects on Salicylate Transfer Rate- 
The data in Table 111 show that rinsing with 100 mM Mg++ after 
exposure to EDTA had little effect in reversing the change in mem- 
brane permeability induced by EDTA. In more limited studies as 
to the effects of a Ca++ rinse after exposure of the intestinal seg- 
ment to 1 mM STDC there was again no indication of reversibility. 
In fact rinsing with 154 mM Ca++ yielded transfer rates in two 
experiments which were somewhat higher than observed in paired 
control segments which were treated with bile salt and then rinsed 
with 154 mM Na+. 

Effect of Divalent Substituted EDTA on Transfer Rate of Salicy- 
late-Incubating the intestinal segments in EDTA, calcium EDTA, 
or magnesium EDTA results in an increase in salicylate transfer 
rates compared to control levels. The data shown in Table 111 in- 
dicate no discernible difference however between the three salts of 
EDTA with respect to their effect on salicylate transfer. 

A reduction in the EDTA effect on membrane permeability to 
salicylate was observed only when the intestinal segment was in- 
cubated in 25 mM magnesium EDTA to which was added an ad- 
ditional amount of calcium chloride to make the solution 25 mA4 
with respect to Ca++. Statistical comparison of the salicylate trans- 
fer rates in intestinal segments exposed to 25 mMmagnesium EDTA 
plus 25 mM Ca++ or 25 mM EDTA indicated that the former treat- 
ment resulted in significantly decreased rates, though the rates were 
still somewhat higher than control levels. The addition of excess 
calcium chloride to 25 mM calcium EDTA resulted in precipitation 
which was due to an interaction between excess Ca++ and the phos- 
phate components of the buffer. 

DISCUSSION 

The effect of various concentrations of STDC on the rate of 
transfer of salicylate across the everted rat intestine has been dis- 
cussed in a previous report (1). There appears to be two levels of 
bile salt effect on the transfer rate of salicylate; a relatively small 
effect at concentrations of STDC below or about the CMC and a 
more pronounced effect at concentrations of STDC above the CMC. 
The results of the experiments with salicylamide at various con- 
centrations of STDC did not show the two levels of effects which 

were observed with salicylate. The increase in salicylamide transfer 
rate was small (11-21Z) and apparently independent of STDC 
concentration from 5-100 mM STDC (see Table I). 

The marked qualitative and quantitative differences in the STDC 
effects on salicylamide and salicylate transfer leads one to suspect 
that the two molecules traverse the membranes in a markedly dif- 
ferent manner. The experimental conditions were such that salicy- 
late existed as the ionized species while salicylamide existed in the 
unionized form. Hence, although the two species have essentially 
the same molecular weight, a major difference exists in their re- 
spective lipid solubilities. The same STDC-induced membrane 
alteration results in a greater than two-fold increase in the transfer 
rate of the ionized species (salicylate) (1) but less than a 25% in- 
crease in the transfer rate of the unionized drug (salicylamide). 
Based on these findings the authors are presently investigating the 
use of bile salts as a probe for differentiating absorption mech- 
anisms. 

In the previous report (1) it was suggested that the below-CMC 
effects of STDC on membrane permeability may be due to a deple- 
tion of membrane calcium by the bile salt similar to the presumed 
mechanism of EDTA-mediated membrane effects. The influence of 
EDTA on both salicylate and salicylamide transfer was therefore 
studied to explore further the possibility of a common mechanism. 
These studies also demonstrated, as shown in Table 11, that altera- 
tion of the membrane produces different effects on the transfer 
rate of the ionized and unionized drugs. Incubation of the in- 
testinal segments in 25 mM EDTA either at pH 6.0 or 7.4 resulted 
in no change in salicylamide transfer rates compared to control 
values. On the other hand, EDTA-incubation significantly in- 
creased salicylate transfer rates. In addition, the effects of EDTA 
on salicylate transfer were significantly greater at pH 7.4 than at 
pH 6.0. This difference may correspond to the increased binding 
capacity of EDTA for divalent ions with increasing pH. Raising 
the level of EDTA to 50 mM at pH 6.0 produced no further in- 
crease in salicylate transfer rates. 

Interestingly, all previous reports on the effects of EDTA on 
the permeability of biologic membranes utilized ionized and/or 
highly water soluble compounds as the absorption tracer. Windsor 
and Cronheim (8) observed an increase in the absorption of heparin 
from the gastrointestinal tract of the rat and of the dog in the pres- 
ence of EDTA. Schanker and Johnson (9) report similar effects of 
EDTA on the absorption of mannitol, inulin, decamethonium. 
sulfanilic acid (at pH 7.4), and edetate ion in the rat. Tidball (10) 
has reported an increase in the absorption of phenol red from the 
rat intestine in the presence of EDTA. The lack of effect of EDTA 
on salicylamide transfer, reported in the present study, suggests the 
possibility that the membrane alteration mediated by EDTA may not 
influence the rate-limiting barrier to the transfer of lipid-solublz 
drugs through the everted intestinal preparation. 

Previous reports indicate a reversibility of the EDTA-mediated 
effect on drug absorption. Tidball (10) was able to reduce the in- 
crease in phenol red absorption in the rat intestine after EDTA 
exposure, by rinsing the intestine with calcium chloride or mag- 

Table 111--Reversibility or Blocking by Divalent Cations of the 
Effects of 25 mM EDTA and 1 mM Sodium Taurodeoxycholate 
(STDC) on Transfer Rate of Salicylate Across the Rat 
Small Intestinea 

Experimental 
Conditions 

EDTA, 154 mM Na+ rinse 
EDTA, 100 m M Mg++ rinse 
EDTA 

Ca-EDTA 
Mg-EDTA 

Mg-EDTA + 25 mM Ca++ 
EDTA 

STDC, 154 mM Na+ rinse 
STDC, 15.4 mM Ca++ rinse 
STDC, 154 mM Na+ rinse 
STDC, 154 mM Ca++ rinse 

No. of 
Intestinal Mean Transfer Rate 
Segments f SD mcg./min. 

6 39 f 7 
6 37 f 5 
4 41 f 4 
2 41 (40, 42) 
2 42 (39, 44) 
4 43 f 7 
4 38 f 8 
I 46 
1 44 
2 39, 35 
2 44, 39 

a Data grouped according to paired segments. 
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Table IV-Effect of Simultaneous Treatment with Sodium 
Taurodeoxycholate (STDC) and 25 m M  EDTA on Transfer 
Rate of Salicylate Across the Rat Small Intestine 

Incubation 
Medium 

No. of Mean 
Intestinal Transfer Rate 
Segments =!= S D  mcg./min. 

STDC, 5 m M  2 (57, 55) 
STDC, 5 m M  + EDTA 2 (76. 61) 
STDC, 50 m M  4 83 =!= 4 
STDC, 50 m M  + EDTA 4 93 =t 8“ 

asignificantly different from results at 50 mM STDC ( p  < 0.05), 
Student’s t test, method of paired comparisons. 

nesium chloride solutions. Magnesium chloride was found to be 
much more effective in this respect. Tidball (10) also found that 
“calcium EDTA” had no effect on the permeability of the rat 
intestinal epithelium to phenol red. Windsor and Cronheim (8) 
report that substitution of a divalent cation (Mg++ or Ca++) for 
monovalent cations (Na+, K+, or NH4+) in the EDTA molecule 
abolishes the effect of EDTA on heparin absorption. Based on 
these data it has been postulated that EDTA alters membrane per- 
meability by depleting magnesium and calcium loosely bound in 
the structure of the membrane which regulate the aqueous permea- 
bility of the intestinal epithelium (10). 

The effects of EDTA on salicylate transfer across the everted 
intestinal preparation were not reversible. Rinsing the intestine 
with magnesium chloride, after initial incubation in EDTA, did not 
modify the enhanced permeability of the membrane to salicylate 
transfer under the experimental conditions (see Table 111). Further- 
more, treatment of the intestinal preparation with magnesium EDTA 
or calcium EDTA resulted in a permeability increase equal in 
magnitude to that observed after incubation in unsubstitued EDTA 
(see Table 111). Thus it appears that the permeability effects of 
EDTA on the everted intestinal preparation cannot be prevented 
or reversed by the addition of a divalent cation. However, a study 
by Cassidy and Tidball ( l l ) ,  in which the cellular mechanisms of 
intestinal alteration produced by chelation depletion were ex- 
amined, showed that the stripped-mucosa content of magnesium 
and calcium was approximately 8 meq. divalent ions/kg. in con- 
trols and 5 meq./kg. in EDTA-treated animals, a change sufficient 
to markedly increase permeability to phenol red. Thus, little di- 
valent cation need be removed to attain changes in permeability. 
It is therefore possible that the monosubstituted divalent EDTA 
still retained sufficient chelating ability to produce an effect on 
salicylate transfer. To investigate this possibility, the intestinal 
segment was incubated in 25 m M  magnesium EDTA and 25 m M  
Ca++. As shown in Table 111, there is a significant decrease in the 
transfer rate of salicylate under these experimental conditions. 

The failure to revzrse the EDTA effect on salicylate transfer by 
a divalent cation rinse prevents a definitive conclusion as to the 
mechanism of membrane alteration in the isolated intestine. Al- 
though apparent saturation of the EDTA molecule with magnesium 
and calcium did reduce the activity, which suggests a possible role 
for divalent cations in the overall mechanism, other possibilities 
must also be considered. For example, edetate ion itself may be 
responsible for the effects on membrane permeability by some dis- 
rupting influence on the organization of the membrane which does 
not involve chelation. Saturation of the binding sites with divalent 
cations may then merely reduce the effective concentration of edetate 
ion. A more attractive hypothesis is that EDTA does function via a 
chelation mechanism but the nature of the intestinal preparation 
itself precludes the possibility of reversibility, perhaps by not pro- 
viding an endogeneous source of mobile calcium. 

Attempts to study the influence of divalent cations on the mem-- 
brane permeability effects of STDC were largely unsuccessful. 
As noted in Table 111, rinsing the prepartion with calcium chloride 
solution, after exposure to STDC, provided no evidence of reversi- 
hility. Addition of CaCC or Mg++ directly to STDC solutions, t c  
effect a blocking, resulted in precipitation of the divalent salts 
of the bile acid. Exposure of the intestinal segment to 5 m M  STDC 
to which was added Ca++ sufficient to just avoid precipitation (4-5 
mM) yielded salicylate transfer rates identical to those observed 
after exposure of the segment to 5 m M  STDC alone. 

Since both EDTA and STDC markedly affect the transfer rate 
of salicylate but have little or no effect on the transfer rate of sa- 
licylamide the possibility arises that they share a commonmechanism. 
To resolve this point, intestinal segments were incubated in solu- 
tions containing 25 m M  EDTA and 5 m M  or 50 m M  STDC, at  
pH 6.0. A paired segment was incubated in bile salt alone. After 
a 1-hr. incubation, salicylate transfer rates were determined in 
the usual manner. The results are shown in Table IV. In each case 
the addition of EDTA to a solution of STDC resulted in a further 
increase in transfer rate of salicylate compared to that observed 
with STDC alone. If EDTA and STDC acted uia the same mecha- 
nism then one would not anticipate an increase in transfer rate since 
25 m M  EDTA and 10 m M  STDC represent the minimum con- 
centrations required to attain maximum changes in permeability 
in the respective systems (1). Based on these findings there probably 
is a difference in the mechanism by which EDTA and STDC affect 
membrane permeability. 

The results of these investigations suggest that: (a )  both STDC i nd 
EDTA increase the permeability of the everted rat small intestine 
to ioiiized drugs but have little or no effect on the transfer of un- 
ionized drugs; (b)  there may be at  least two routes for the transfer 
of drugs across the intestinal membranes; and (c )  EDTA and STDC 
alter membrane permeability by different mechanisms. 
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