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ABSTRACT

From the standpoint of utilizing a distinctive feature of para-aminobenzoic acid (PABA)
and intestinal bile acid metabolism, a conjugate of ursodeoxycholic acid with PABA
(PABA-UDCA) was newly synthesized for studying whether it can be a good material
or not to evaluate enteric bacteria. In incubation experiment, this compound was
reasonably deconjugated by cholylglycine hydrolase resulting in the release of PABA.
In animal experiment, urinary excretions of PABA were determined during six hours
following oral administration of 10 mg PABA-UDCA. Control rats (n="7) excreted 140.1
+ 59.5 ug (mean * SD) of PABA. By contrast, the rats (n=9) with intestinal an-
tisepsis by antibiotic administration excreted less (18.3 * 16.7 ug; P<0.001) whereas
those with intestinal bacterial overgrowth by making enteric blind loop excreted more
(451.1 = 223.6 ug; P<0.01). These observations indicate that this new compound is
likely to offer a simple and rapid method for evaluation of the intestinal micro-

organisms.

There have been some methods to evaluate ac-
tivities of the intestinal bacteria. Among them
breath test utilizing *“C-labeled glycocholate has
been most well known®, and was reported to
be useful for the diagnosis of the intestinal bac-
terial overgrowth in such conditions as blind loop
syndrome and so on'”. However this method
has flaws of using radioisotope and being
troublesome.

In order to solve these problems, we newly
synthesized a conjugate of ursodeoxycholic acid
with para-aminobenzoic acid (PABA). In the
present paper, a new simple method to estimate
outlined condition of the intestinal bacteria us-
ing this new compound is going to be discussed.

MATERIALS AND METHODS

Synthesis of the Conjugate of Ursodeoxy-
cholic Acid with PABA

PABA conjugate of ursodeoxycholic acid was
synthesized by modifying the method of Berg-
stréom et al” who reported a simple method to
synthesize glycine or taurine conjugated bile
acids.

1.473 g (3.752 m moles) of ursodeoxycholic
acid was dissolved in 6 ml of dioxane contain-
ing 0.89 ml of tri-n-butylamine. The solution was
cooled to +10° and 0.357 ml of ethylchlorocar-
bonate was added. After 15 min at this temper-
ature a solution of 510 mg of PABA in 3.75 ml
of IN sodium hydroxide was added and the
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mixture rapidly mixed. After 15 min, 60 ml of
distilled water was added to the reaction mix-
ture. Following acidification with HCI, extrac-
tion was carried out with 60 ml of ethyl acetate,
three times. The extracts were washed with dis-
tilled water and dehydrated with anhydrous so-
dium sulfate. Then the organic solvent was
gradually evaporated to give crystals of the reac-
tion product. Recrystallization was possible from
benzene. Thin layer chromatography (TLC) and
nuclear magnetic resonance (NMR) demonstrat-
ed that this reaction product was definitely
PABA-ursodeoxycholic acid conjugate as shown
in Fig. 1.
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Fig. 1. Chemical structure and molecular weight
of PABA-ursodeoxycholic acid

Purity of the compound was examined by high
performance thin-layer chromatography
(HPTLC) (Kieselgel 60 F,, plates, Merck) using
as a solvent system of benzene-dioxane-acetic
acid (15:5:2, V/V). PABA and its conjugate ap-
peared as apparent spots under short-wave
ultraviolet light. Ursodeoxycholic acid and
PABA-ursodeoxycholic acid conjugate were fur-
ther identified by spraying with 5% phos-
phomolybdate in ethanol. The Rfs of the
compounds were: PABA 0.73; ursodeoxycholic
acid, 0.68; PABA-ursodeoxycholic acid, 0.49.
HPTLC revealed that thus synthesized materi-
al was practically pure, having less than 5% con-
tamination with free ursodeoxycholic acid but
having no contamination with PABA.

Figure 2 shows thin layer chromatography of
PABA-UDCA and related compounds.

In Vitro Hydrolysis of PABA-
Ursodeoxycholic Acid with Cholylglycine
Hydrolase

It was studied whether PABA was reasona-
bly released or not in incubation experiments
with three different amounts of PABA-
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Fig. 2. Thin-layer chromatography of the com-
pounds. Plate: Kieselgel 60 F,,; Solvent system:
Benzene-dioxane-acetic acid (15:5:2, v/v), SF: Sol-
vent front; PABA: Para-aminobenzoic acid; UDCA:
Ursodeoxycholic acid; PABA-UDCA: PABA con-
jugate of UDCA; O: Origin.

ursodeoxycholic acid with cholylglycine hydrolase.

0.4 ml of 0.75% 2-mercaptoethanol and 0.4 ml
of 1.86% EDTA solutions were added in 0.4 ml
of 0.025 M sodium acetate buffer which was ad-
justed to pH 5.6. Then 0.6 ml of solutions with
three different amounts of substrate in 0.025 M
sodium acetate buffer (pH 5.6) were added to
each samples: The solutions contained 0.15 mg
(Solution A), 1.5 mg (Solution B) and 4.0 mg
(Solution C) in 0.6 ml, respectively. Following
the addition of 0.2 ml of cholylglycine hydrolase
solution (2 mg/ml of water; Sigma Chemical
Company, St. Louis, MO, U.S.A.), incubation
was started at 37°C in water bath. After incu-
bation, the amount of PABA released was de-
termined by sampling at 1, 5, 10, 20, 30 and 45
min. PABA determination was possible by the
measurement of the absorbance at 550 nm in
spectrophotometer using an assay system for
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urinary PABA in PFD test (Eisai Co., Tokyo,
Japan).

Animal Models (In Vivo Experiment)

Twenty seven male Sprague-Dawley rats
(200—300 g) were divided into three experimen-
tal groups as follows.

Control group (7 rats): Each rat of this group
was placed in individual stainless metabolic cage,
and 6-hr urine collection was made for the meas-
urement of the amount of background PABA.
Then, 10 mg of PABA - ursodeoxycholic acid in
a slightly basic (pH 7.5) aqueous solution was
orally administered to each rat using Mark nee-
dle, and 6-hr urine was collected just after dos-
ing. The amounts of PABA in this 6-hr-collected
urine samples were determined by the same
method as in vitro study. Cumulative amount of
urinary PABA which was excreted through 6 hr
after administration, was calculated by subtrac-
tion of the amount of background PABA.

Group treated with antibiotics (9 rats): In this
group, large amounts of broadspectrum antibi-
otics were given orally in order to produce rats
with gastrointestinal tract which was relatively
free of microflora. Antibiotics were administered
orally to each rat in a dose of 25 mg doxycy-
cline, 25 mg ampicillin and 25 mg fradiomyecin
twice a day for three days. Six-hr urine collec-
tion was made during the antibiotic treatment
for obtaining the amount of background PABA.
Following the final administration of antibiotics,
10 mg of the compound was given orally. Urine
collection and calculation of urinary PABA were
made in the same way as in control group.

Group with intestinal blind loop (11 rats):
Animals were fasted overnight before surgery.
Under ether anesthesia blind loop was construct-
ed surgically in order to produce rats with in-
testinal  bacterial  overgrowth®.  After
transection of the ileum near the ileal end, the
oral stump of the ileum was closed whereas the
anal stump of the ileum was anastomosed to the
intestine at the point 12 cm. proximal to the
transected site in end-to-side approximation (Fig.
3). Only water was given for three days
postoperatively, and foods were given thereafter.
At the 1st week postoperatively, the rat was
placed in metabolic cage and 6-hr urine collec-
tion was made for the measurement of back-
ground PABA. Then urine was collected through
six hours after oral administration of 10 mg of

12cm

C

Fig. 3. Sketch of the surgical manipulation for
making rats with blind loop. C = Cecum, I = Tle-
um, J = Jejunum.

PABA-ursodeoxycholic acid. Cumulative urinary
PABA in 6 hr after dosing was assayed in the
same manner as in the other groups of rats.

RESULTS

In Vitro Study

Figure 4 shows the time course of enzymatic
hydrolysis of PABA-ursodeoxycholic acid over 45
min. period at three different concentrations of
substrate. This study revealed that this new
compound was reasonably hydrolyzed by cholyl-
glycine hydrolase which deconjugates glycine- or
taurine- conjugated bile acids.

In Vivo Study

Figure 5 shows the results of the urinary ex-
cretion of PABA during 6 hr after dosing for
all groups of rats. Control group of rats excreted
140.1 + 59.5 ug (mean * SD) of PABA into
urine. Significant suppression on urinary PABA
excretion was found in antibiotic-treated rats
compared with control group [18.3 + 16.7 ug
(P< 0.001)]. By contrast, rats with intestinal
bacterial overgrowth resulted in greater excre-
tion of PABA with significance than the normals
[451.1 *= 223.6 pg (P<0.01)].
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Fig. 4. Time course of enzymatic hydrolysis of
PABA-ursodeoxycholic acid by cholylglycine hydro-
lase in pH 5.6 acetate buffer. Incubation was car-
ried out at three different substrate amounts: A
= Solution A, 0.15 mg; B = Solution B, 1.5 mg;
C = Solution C, 4.0 mg.

DISCUSSION

In 1972 Imondi et al® reported reliable
results in animals with a pancreatic function test
(PFD test) involving the oral administration of
a chymotrypsin-labile peptide which contains
para-aminobenzoic acid (PABA) as a tracer
group. The principle of this test was based on
the distinctive feature of PABA: In the small
bowel, in the presence of chymotrypsin, the pep-
tide (N-benzoic-L-tyrosyl-p-aminobenzoic acid;
BT-PABA) which is a complex of benzonic acid,
tyrosine and PABA, is split resulting in the
liberation of PABA, which is rapidly absorbed
from the gut, undergoes conjugation in the liver,
and is excreted into the urine. Accordingly, the
amount of PABA excreted in the urine reflects
the activity of chymotrypsin which is secreted
from the exocrine glands of the pancreas. In
1976 Gyr et al” reported that the procedure
using this compound was a new possible oral
test of exocrine pancreatic function in human be-
ing. Since then, the PFD test has been widely
employed for the clinical evaluation of the exo-
crine pancreatic function.

It is well known that bile acids are synthesized
through many steps of enzymatic reactions from
cholesterol in the liver, resulting in the produc-

ME
700L P<0.01
- T
650F
600F
550F
. 500
= 7k
<< 450F
- E
S 400F
f:o- - E /,:' '
g 350F ’/,
Q r “
(?j 300:- %%
=
§ 250f ////
ok _
c0kF 7
150 Zé/%
100F ﬁ’////
t o«
soF P<0.001 g;///

Control Antibiotic  Bacterial
overgrowth
(n=7) (n=9) (n=11)

Fig. 5. Cumulative urinary excretion of PABA
(mean = SD) at 6 hr after oral administration of
10 mg PABA-ursodeoxycholic acid to three differ-
ent groups of rats.

tion of the primary bile acids such as cholic acid
and chenodeoxycholic acid. These primary bile
acids are conjugated with glycine or taurine also
in the liver, and are excreted into bile as a con-
jugated form. In the intestine, microorganisms
hydrolyze the conjugated bile acids under the ac-
tion of cholylglycine hydrolase, leading to the
production of deconjugated bile acids. Many
strains of anaerobic microbes such as Clostridi-
um, Bacteroides, Bifidobacterium, Eubacterium
have been reported as bacteria capable of bile
salt deconjugation.

These facts concerning the distinctive feature
of PABA and bile acid metabolism, led us to
synthesize a new conjugate of ursodeoxycholic
acid with PABA for establishing a new simple
diagnostic procedure for the evaluation of intes-
tinal microorganism activities. We selected ur-
sodeoxycholic acid for the synthesis because this
bile acid has been widely administered to the pa-
tients with cholesterol gallstones without any
toxicity.
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In our study, in vitro analyses indicated that
the PABA-ursodeoxycholic acid was reasonably
deconjugated by cholylglycine hydrolase which
was isolated from Clostridium perfringens (wel-
chii), resulting in the release of PABA. In
animal experiment, urinary excretions of PABA
were determined during six hr after oral
administration of a certain dose of RABA-
ursodeoxycholic acid. Treatment with oral ad-
ministration of massive broadspectrum antibiot-
ics caused rats significant decrease in urinary
PABA as a result of remarkable suppression of
the intestinal microorganisms (P< 0.001). Ad-
versely, urinary excretion of PABA was signifi-
cantly elevated in rats with blind loop as a result
of the intestinal bacterial overgrowth (P <0.01).

There have been several published methods for
detecting bacterial overgrowth®®-e.g., culture
of small-bowel aspirates, analysis of aspirates for
products of bacterial activity such as free bile
acids, or measurement of bacterial enzymatic ac-
tivity in bacteria-free filtrates of intestinal con-
tent. However, all of these methods can not be
accepted as a clinical routine diagnostic proce-
dure because of their inconveniences. In 1971
Fromm and Hofmann® reported a test called
“breath test” for human use utilizing "“C-
labeled glycocholate, which upon bacterial
cleavage allows the labeled carbon tracer to be
released and metabolized to CO,. This tech-
nique has been shown to be quite reliable for the
detection of bacterial overgrowth in humans'.
However, this breath test has not been widely
used for it has serious problems of using radi-
oisotope and being troublesome. The test which
we describe in the present paper can solve these
problems, and is conceivable to be simple and
useful as a clinical diagnostic procedure for the
evaluation of intestinal microorganisms.
Moreover, this compound might become a
weapon for elucidating suitable prescription of
the antiseptic agents prior to intestinal surgery,
relationship of the intestinal bacteria with col-
on cancer, and effects of the diet on the intes-
tinal microflora. Wide application of this new
compound in various scientific fields would be
expected.
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