
Gut, 1984, 25, 1376-1379

Inhibitory effect of unconjugated bile acids on the
intestinal transport of 5-methyltetrahydrofolate in rat
jejunum in vitro
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SUMMARY The effect of the unconjugated bile acids, cholic, deoxycholic, chenodeoxycholic, and
ursodeoxycholic acids, and of the conjugated bile acid taurocholic acid on the mucosal-to-serosal
transport and tissue uptake of the naturally occurring folate derivative, 5-methyltetrahydrofolate
(5-CH3H4PteGlu) was examined in everted sacs of rat jejunum. Each of the unconjugated bile
acids examined inhibited the transport and tissue uptake of 5-CH3H4PteGlu in a concentration
dependent manner. At low concentrations (0.01-0.1 mM) of cholic and deoxycholic acids, no

structural or functional damage to the intestinal mucosa occurred and the transport of
5-CH3H4PteGlu was inhibited competitively with Ki values of 0-114 mM and 0O055 mM for cholic
and deoxycholic acids, respectively. The greater inhibition of 5-CH3H4PteGlu transport by
unconjugated bile acids at 1 mM can be attributed to observed structural and functional damage
to the intestinal mucosa. The addition of 2 mM lecithin to the mucosal medium failed to prevent
the inhibitory effect of 0.1 mM deoxycholic acid on the transport of 05 UM 5-CH3H4PteGlu.
Compared with the effect of unconjugated bile acids, the conjugated bile acid taurocholic acid
(0.01-5 mM) showed no effect on the transport and tissue uptake of 5-CH3H4PteGlu. The results
of this study show that intestinal transport and tissue uptake of 5-CH3H4PteGlu are inhibited by
unconjugated bile acids in a dose-dependent fashion. The clinical and physiological implications
of these observations are discussed.

We have shown previously that the transport of the
naturally occurring folate derivative 5-methyltetra-
hydrofolate (5-CH3H4PteGlu) by rat jejunum in
vitro takes place by two systems: (1) an active,
carrier-mediated process (Kt=0.3 ,uM) which is pH,
Na+, glucose, and energy dependent, and (2)
diffusion, which is pH and energy independent and
operates at high (>1 ,M) concentrations.1-3 These
observations have been confirmed in our laboratory
in vivo in the unanaesthetised rat (unpublished
data). Most of the previous studies describing the
intestinal transport of 5-CH3H4PteGlu and other
folates have been performed in vitro. Therefore, the
effect of intraluminal factors such as unconjugated
and conjugated bile acids on the transport process
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have not been previously explored. In this study we
describe the effect of unconjugated cholic,
deoxycholic, chenodeoxycholic and ursodeoxycholic
acids and of a conjugated bile acid taurocholic acid
on the intestinal transport and tissue uptake of
5-CH3H4PteGlu in everted sacs of rat jejunum. We
found that unconjugated bile acids are potent
inhibitors of the transport and tissue uptake of
5-CH3H4PteGlu while the conjugated bile acid
taurocholic acid had no effect.

Methods

MATERIALS
The following materials were obtained
commercially: unlabelled 5-CH3H4PteGlu, cholic
acid-sodium salt, deoxycholic acid-sodium salt,
chenodeoxycholic acid, ursodeoxycholic acid,
taurocholic acid-sodium salt (Sigma Chemical Co);
5-14CH3H4PteGlu-barium salt (specific activity 58
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mCi/mmol) (Amersham/Searle Corp, Des Plaines,
Il); scintillation cocktail, Aquamix (Westeren
Product). All chemicals were of analytical quality.
The radiochemical purity of 5-14CH3H4PteGlu was

determined on cellulose precoated thin layer
chromatography plates using 0*1 M phosphate
buffer, pH 7, containing 5% mercaptoethanol and
was found to be 98%.

TRANSPORT STUDY
Fed male Sprague-Dawley rats weighing 180-250 g

were used. The animals were stunned by a blow to
the head followed by cervical dislocation. The
abdomen was opened and the proximal jejunum was

removed, washed with cold phosphate buffer and
divided into four segments of 6 cm each. Everted
sacs were then prepared as described previously.t
The serosal solution consisted of 0-4 ml of the same

buffer used for incubation. The sacs were incubated
in 10 ml Erlenmeyer flasks containing 6 ml of the
incubation medium which was continuously
oxygenated with 95% 02 and 5% CO2. The
incubation was carried out at 37°C in a shaking
water bath at 80 oscillations per minute. Incubation
time of 30 minutes was based on our previous
studies which showed that the rate of transport and
tissue uptake of 5-CH3H4PteGlu remained linear
throughout this time period.14 The sacs were then
removed and washed and the serosal medium was

drained into a scintillation vial containing 6 ml of the
scintillation cocktail. After the tissue had dried for
12 hours at 60°C, it was combusted in a biological
material oxidizer (Packard model B 306, Packard
Instruments Company, Il) and its 14C02 was

collected for radioactivity determination.
The incubation medium contained 110 mM

NaH2PO4, 35.2 mM NaCl, 5-5 mM KCl, 1.8 mM
MgSO4 and 20 mM glucose. Sodium ascorbate (3
mg/ml) was added to the incubation medium as an

antioxidant. The pH of the incubation medium was

adjusted to 6.1 with 1 M NaOH. Labelled and
unlabelled 5-CH3H4PteGlu and the bile acid under
investigation were added to the incubation medium
at the onset of the experiment. Cholic acid,
deoxycholic acid and taurocholic acid formed clear
solutions, while chenodeoxycholic acid and urso-

deoxycholic acid were only partially soluble.

Results

The effect of unconjugated cholic, deoxycholic,
chenodeoxycholic, and ursodeoxycholic acids on the
mucosal-to-serosal transport of 5-CH3H4PteGlu is
shown in Table 1. All the unconjugated bile acids
used in this study inhibited the mucosal-to-serosal
transport of 5-CH3H4PteGlu. The inhibition

Table 1 Effect of the unconjugated cholic, deoxycholic,
chenodeoxycholic and ursodeoxycholic acids on the
mucosal-to-serosal transport of 0.1 and 0-5 ,IxM
5-CH?H4PteGlu. Jejunal everted sacs were incubated in
phosphate bufferpH 6.1 for 30 min at 37°C

Mucosal-to-serosal transport
Conc (nmollg initial tissue

Bile acid (mM) wet wt/30 min)

5-CH3H4PteGlu conc (gM)
0-1 0-5

Cholic acid Control 0-064±0-010(6) 0.30±0.030(6)
0-01 0.049±0.010(6) 0.25±0.040(6)
0.05 0.040±0.004(3) 0.22±0.004(3)
0-10 0-032±0-002(6) 0.15±0.010(6)
0-50 0.021±0.001(3) 0.14±0.020(3)
1-00 0.015±0.001(6) 0.08±0-020(6)

Deoxycholic acid Control 0.043±0.001(6) 0.25±0i040(6)
0-01 0.030+0.002(6) 0.19±0.060(6)
0-05 0.020±0.001(3) 0.14±0.030(3)
0-10 0.015±0.001(3) 0.12±0.020(6)
0.50 0.015±0.001(3) 0.12±0.010(3)
1.00 0.012±0.003(6) 0.07±0.010(6)

Chenodeoxycholic Control 0.25±0.030(3)
acid 0.01 0.25±0.060(3)

0-10 0-18±0-020(3)
1-00 0.12±0.010(3)

Ursodeoxycholic Control 0.24±0.030(3)
acid 0-01 0-20±0.010(3)

0-10 0.09±0.010(3)
1-00 0.06±0.010(3)

Values are mean±SEM.
The number of experiments at each specific point is indicated in
parentheses.

increased as the concentration of the unconjugated
bile acids in the mucosal medium was increased.
Using a plot of the reciprocal of the mucosal-to-
serosal transport rate of 0-1 and 0.5 ,M 5-
CH3H4PteGlu against the inhibitor concentrations
of 01 mM and lower,5 we found a competitive type
of inhibition with Ki values of 0.114 mM and 0.055
mM for cholic acid and deoxycholic acid, respec-
tively (Fig. la, b). Tissue uptake of 5-CH3H4PteGlu
was inhibited also by the unconjugated bile acids in
a concentration dependent manner (Table 2).
The addition of 2 mM lecithin to the mucosal

medium did not protect the 5-CH3H4PteGlu
transport system against the inhibitory effect of 0-1
mM deoxycholic acid. Mucosal-to-serosal transport
rates of 0-5 ,uM 5-CH3H4PteGlu of 0-35±0-07,
0-17±0-02 and 0.16±0.01 nmol/g initial tissue wet
wt/30 min were observed for untreated, 0-1 mM
deoxycholic acid treated, and 0-1 mM deoxycholic
acid plus 2 mM lecithin treated sacs, respectively.
At the concentrations used in these studies

(0.01-5 mM), the conjugated bile acid taurocholic
acid showed no effect on the transport or tissue
uptake of 0-5 ,M 5-CH3H4PteGlu (Table 3).
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Figure Competitive inhibition of5-CH3H4PteGlu
transport by: (a) cholic acid, and (b) deoxycholic acid.
Velocity (v) was expressed as the rate of5-CH3H4PteGlu
mucosal-to-serosal transport in nmollg initial tissue wet
wt/30 min. Experiments were performed using jejunal
everted sacs incubated in phosphate bufferpH 6-1 for 30
min at37°C.

Table 2 Effect of the unconjugated cholic, deoxycholic,
chenodeoxycholic and ursodeoxycholic acids on tissue
uptake of0.1 and 0-5 ,M 5-CH3H4PteGlu. Jejunal everted
sacs were incubated in phosphate bufferpH 6-1 for 30 min
at37°C

Tissue uptake
Conc (nmol/g initial tissue

Bile acid (mM) wet wtI30 min)

5-CH3H4PteGlu conc (,M)
0-1 0.5

Cholic acid Control 0.26±0.10(6) 1.45±0.40(6)
0.01 0.20±0.02(6) 1-13±0.40(6)
0-05 0.12±0.02(3) 0.95±0.03(3)
0.10 0 10±0.01(6) 0-85±0-20(6)
0-50 0-08±0-02(3) 0-62±0-07(3)
1-00 0.05±0.03(6) 0.40±0.06(6)

Deoxycholic acid Control 0.29±0.01(6) 1.21±0.10(6)
0.01 0.23±0.02(6) 0.96±0.20(6)
0-05 0-16±0.04(3) 0.73±0.10(3)
0-10 0.13±0.03(6) 0.64±0.07(6)
0-50 0.14±0.02(3) 0.42±0.13(3)
1-00 0.10±0.03(6) 0-40±0-01(6)

Chenodeoxycholic Control 1.24±0.12(3)
acid 0-01 1.12±0.15(3)

0-10 1.13±0.13(3)
1-00 0.71±0.07(3)

Ursodeoxycholic Control 1-24±0-12(3)
acid 0-01 1.02±0.12(3)

0-10 0.54±0.07(3)
1-00 0-31±0-05(3)

Values are mean±SEM.
The number of experiments at each specific point is indicated in
parentheses.

Table 3 Effect ofthe conjugated bile acid taurocholate on
the mucosal-to-serosal transport and tissue uptake of0.5
,uM 5-CH3H4PteGlu. Jejunal everted sacs were incubated in
phosphate bufferpH 6-1 for 30 min at 37°C

Transport Tissue uptake
Taurocholate (nmollg initial tissue (nmol/g initial tissue
conc (mM) wet wt/30 min) wet wt/30 min)

Control 0.26±0.03(6) 1.31±0.30(6)
0.01 0.26±0-04(4) 1.27±0.20(4)
0-10 0.25±0.07(4) 1.35±0.40(4)
1-00 0.25±0.04(4) 1.25±0.30(4)
5.00 0.24±0-04(4) 1.30±0.10(4)

Values are mean±SEM.
The number of experiments at each specific point is indicated in
parentheses.

Discussion

Our data show that unconjugated cholic,
deoxycholic, chenodeoxycholic, and ursodeoxy-
cholic acids are potent inhibitors of the intestinal
mucosal-to-serosal transport and tissue uptake of
5-CH3H4PteGlu in vitro. Low concentrations of
cholic and deoxycholic acids (0.01-0.1 mM) inhibit
competitively the transport of 5-CH3H4PteGlu.
Histological studies, transmural potential difference
measurements, and the rate of release of the
cytoplasmic marker enzyme LDH have shown that
at these range of low concentrations neither cholic
nor deoxycholic acids cause structural or functional
damages to the intestinal mucosa.2 4 6 Lecithin,
which prevents the toxic and damaging effects of
bile acids on biological membranes, including small
intestinal epithelium,7 8 failed to protect the
transport system of 5-CH3H4PteGlu against the
inhibitory effect of a low concentration (0.1 mM) of
deoxycholic acid. This further supports the inter-
pretation that transport inhibition by unconjugated
bile acids is not because of damage of the intestinal
tissue. On the other hand, higher concentrations
(¢1 mM) of the unconjugated bile acids can cause
demonstrable structural and functional damage to
the intestinal mucosa,4 6 thus explaining the
increased inhibition of 5-CH3H4PteGlu transport at
high bile acid concentrations. The addition of the
conjugated bile acid, taurocholic acid, at a concen-
tration of 0*01-5 mM to the mucosal medium did
not inhibit the transport and tissue uptake of
5-CH3H4PteGlu. The contrasting effects of the
conjugated and unconjugated bile acids suggest that
the carboxyl group of the bile acid must be free in
order to allow the bile acid to inhibit the transport of
folates and that the free carboxyl group of the
bile acid interacts with the transport system of
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5-CH3H4PteGlu. This hypothesis is in agreement
with studies indicating that the active transport
process is specific for the intact folate molecule and
requires free a- and y-carboxyl groups on the folate
compound.9
The observations that unconjugated, but not

conjugated, bile acids inhibit the intestinal absorp-
tion of 5-CH3H4PteGlu are of physiological and
clinical importance. Under normal physiological
conditions, only conjugated bile acids are secreted
by the liver into the small intestinal lumen"' and
folate absorption is unimpaired. In diseases asso-
ciated with bacterial overgrowth of the proximal
small intestine,"-15 deconjugation of bile acids can
occur but only rarely does folate malabsorption
occur.'1 1517 Inhibition of the intestinal absorption
of folates by unconjugated bile acids, however,
could provide a partial explanation for the reported
folate malabsorption and deficiency seen at times in
patients with tropical sprue, partial gastrectomy,
scleroderma'820 and other conditions of intestinal
stasis. This mechanism may be in addition to
inhibition of folic acid conjugase by unconjugated
dihydroxy bile acids observed in guinea pig
intestinal mucosa in vitro.21 Moreover, unconju-
gated bile acids, namely chenodeoxycholic and
ursodeoxycholic acids, in use clinically for the
dissolution of gall stones,22 theoretically could
interfere with the absorption of folates and folate
analogues. A careful assessment of the folate status
of patients receiving unconjugated bile acids and the
ability of unconjugated bile acids to block intestinal
absorption of folate analogues should .be carried out
in order to determine the clinical importance of our
observations.

This study was supported by the US Public Health
Service grant AG 2767, the National Cancer
Institute grant CA-17809, and the Goldsmith Family
Foundation.

Abstract of this work was presented in the annual
meeting of the American Gastroenterology Asso-
ciation May 1983, Washington, DC, and appeared
in Gastroenterology 1983; 84: 1293.
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