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Intoxication with deoxycholic acid disturbed the integrity of hepatocyte plasma membranes
(elevation of alanine transaminase activity in the plasma) and inhibited the monooxygenase,
glucuronosyltransferase, and glutathione S-transferase systems in rat liver. Heptral and cor-
diaminum did not affect the integrity of plasma membranes, while o-tocopherol and, espe-
cially, ursofalk produced membrane-protective effects. Ursofalk and, especially, cordiaminum
are far superior to o-tocopherol and heptral in their ability to normalize functions of the mo-
nooxygenase, glucuronosyltransferase, and glutathione S-transferase systems in rat liver.
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The blood of animals and humans with cholestasis
contains considerable amounts of cholates, other bile
components, and intermediate products of impaired
metabolism and, therefore, is toxic to the body. Endo-
toxemia in cholestasis leads to liver dysfunction and
impairs biotransformation of drugs and other xenobio-
tics. This promotes their accumulation in the body and
aggravates intoxication. Experiments on animals showed
that hydrophobic fatty acids play the major role in the
pathogenesis of hepatotoxicity during cholestasis [12].

Here we studied disturbances in xenobiotic trans-
formation in the liver during deoxycholic acid (DCA)
intoxication. Heptral, a-tocopherol, ursofalk, and cor-
diaminum were used to correct metabolic dysfunction.

MATERIALS AND METHODS

Experiments were performed on 62 male rats weigh-
ing 200-240 g. DCA was administered through a gast-
ric tube (i.g., 250 mg/kg/day in starch slurry) for 8 days.
Heptral (100 mg/kg), cordiaminum (50 mg/kg), and
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vitamin E (50 mg/kg) were injected intraperitoneally
(i.p.); ursofalk was administered i.g. (100 mg/kg/day
in the starch slurry). Control rats received equivalent
amounts of DCA or starch slurry (i.g.) and 0.85%
NaCl (i.p.). Twenty-four hours after the last injection,
the animals were decapitated and liver microsomal
fractions were isolated. The concentration of proteins
and the content of cytochromes b, and P450 were mea-
sured. The rates of NADPH and NADH oxidation,
aminopyrine demethylation, and aniline p-hydroxyla-
tion and activities of NADPH-cytochrome P450 and
NADH-cytochrome b, oxidoreductases, uridine 5'-di-
phosphoglucurony! transferase (UDP-glucuronosyl-
transferase), glutathione S-transferase, and uridine-5'-
diphosphoglucose dehydrogenase (UDP-glucose de-
hydrogenase) were estimated by the method described
elsewhere [3]. The urinary excretion of glucuronic
acid [14] and activity of alanine transaminase (ALT)
in the serum [5] were estimated.

RESULTS

Activity of ALT in rat serum increased on day 8 after
the start of DCA administration, which indicated im-
paired permeability of hepatocyte plasma membranes.
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Microsomal monooxygenase system was inhibited by
23-66% (contents of cytochromes P450 and b, acti-
vities of NADPH-cytochrome P450 and NADH-cyto-
chrome . reductases, and rates of NADPH oxidation,
aminopyrine demethylation, and aniline p-hydroxyla-
tion decreased). Microsomal glutathione S-transferase
activity was reduced by 31%, while activities of cyto-
solic 1-chloro-2,4-dinitrobenzene and bromosulfoph-
thalein glutathione S-transferases remained practical-
ly unchanged (Table 1).

DCA also inhib:icd glucuronidation of xenobio-
tics, which was confirmed by reduced activities of
UDP-glucuronosyltransferase and UDP-glucose dehy-
drogenase, enhanced urinary excretion of nonconjugat-
ed glucuronic acid, and decreased ratio between con-
jugated and total glucuronic acids (Table 1).

Heptral produced no considerable effects on the
permeability of hepatocyte plasma membranes in rats
with DCA intoxication. Activities of the monooxyge-
nase and glucuronidation systems in the liver slightly
increased. The content of cytochrome b, activity of
UDP-glucuronosyltransferase, urinary excretion of non-
conjugated glucuronic acid, and the ratio between con-
jugated and total glucuronic acids returned to norma
(Table 1).

a-Tocopherol normalized the content of cyto-
chrome b, activities of NADPH-cytochrome P450 and
NADH-cytochrome b5 reductases, microsomal gluta-
thione S-transferase and UDP-glucuronosyltransfe-
rase, and UDP-glucose dehydrogenase, urinary excre-
tion of nonconjugated glucuronic acid, and the ratio
between conjugated and total glucuronic acids. o-To-
copherol reduced serum ALT activity by 33% com-
pared to that in untreated animals. NADH-cytochrome
b, reductase activity and the rate of aminopyrine N-
demethylation increased by 20 and 117%, respectively
(Table 1).

Ursofalk normalized ALT activity and inhibited
the monooxygenase (contents of cytochromes P450
and b, activities of cytochrome reductases, and rates
of NADPH oxidation and aniline p-hydroxylation),
glutathione conjugation (activity of microsoma: ..u-
tathione S-transferase), and glucuronidation systems
(activities of UDP-glucuronosyltransferase and UDP-
glucose dehydrogenase, urinary excretion of noncon-
jugated glucuronic acid, and the ratio between conju-
gated and total glucuronic acids in the urine). Urso-
falk lowered ALT activity (by 46%) and increased the
contents of cytochromes P450 and b, (by 100 and
66%, respectively), activity of NADH-cytochrome b,
reductase (by 54%), and the rates of NADPH oxida-
tion, aminopyrine N-demethylation, and aniline p-
hydroxylation (by 64, 146, and 104%, respectively)
compared with those in untreated animals. Ursofalk
also reduced urinary excretion of nonconjugated glu-
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curonic acid and increased the ratio between conjugat-
ed and total glucuronic acids (Table 1).

Cordiaminum normalized the rate of NADPH ox-
idation, contents of cytochromes P450 and b,, activi-
ties of cytochrome reductases, microsomal glutathione
S-transferase, and UDP-glucose dehydrogenase, and
urinary excretion of nonconjugated glucuronic acid in
rats with DCA intoxication. In animals receiving cor-
diaminum, the rate of aminopyrine N-demethylation,
activity of UDP-glucuronosyltransferase, urinary ex-
cretion of nonconjugated glucuronic acid, and the ra-
tio between conjugated and total glucuronic acids were
13-90% higher than in intact rats (Table 1).

Cordiaminum increased the contents of cytochro-
mes P450 and b, (by 103 and 83%, respectively), cy-
tochrome reductase activities (by 20 and 55%, respec-
tively), rates of NADPH oxidation, aminopyrine N-
demethylation, and aniline p-hydroxylation (by 69,
286, and 75%, respectively), activities of microsomal
I-chloro-2,4-dinitrobenzene and cytosolic 1-chloro-
2,4-dinitrobenzene and bromosulfophthalein glutathio-
ne S-transferases (by 64, 72, and 38%, respectively),
and UDP-glucuronosyltransferase and UDP-glucose
dehydrogenase (by 99 and 40%, respectively) com-
pared with those in untreated rats with DCA intoxica-
tion. The urinary excretion of nonconjugated glucu-
ronic acid decreased by 47%, while excretion of con-
jugated glucuronic acid and the ratio between conjugated
and total glucuronic acids were 64 and 24% higher,
respectively, than in untreated rats (Table 1).

The elevation of serum ALT activity and suppres-
sion of the monooxygenase, glucuronosyltransferase,
and glutathione S-transferase systems in the liver of
rats with DCA intoxication attest to hepatotoxicity of
this compound. This fact is also confirmed by publi-
shed data. S. Shefer et al. [12] reported inflammation
of hepatic triads, proliferation of bile ducts, hepatocyte
necrosis, and polymorphism of hepatocyte nuclei in
rats fed a DCA-enriched diet (0.5% food weight) for
2 weeks. It was shown that hydrophilic cholic acid is
not hepatotoxic. Furthermore, direct inhibitory effccts
of DCA on activity of hepatic monooxygenase system
were observed in vitro [7].

Intensification of LPO processes probably plays
a role in the mechanisms of increased permeability of
hepatocyte plasma membranes and suppression of en-
zyme systems involved in biotransformation of xeno-
biotics in the liver of rats with DCA intoxication. This
assumption agrees with previous data on elevated MDA
content in the liver of rats fed a DCA enriched diet
rich [12]. In vitro experiments showed that DCA acti-
vated LPO in liver microsoms [8].

Cell membrane structures with localized enzymes
are the main targets for reactive peroxidation com-
pounds. This is confirmed by selective inhibition of
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membrane-bound enzymes with DCA, which was de-
monstrated by comparing glutathione S-transferase
activities (Table 1). Disturbances in hepatocyte plas-
ma membrane permeability and the release of ALT
from cells with elevation of its plasma activity can be
interpreted in a similar manner.

Apart from LPO activation, DCA-induced en-
zyme inhibition can be realized via other mechanisms.
DCA binds to type I cytochrome P450 binding sites
and is oxidized by the enzyme, thus competing with
other substrates, which decreases metabolism of many
xenobiotics [2]. Furthermore, cytochrome P450 induc-
es the formation of DCA hydroxyderivatives, which
possess detergent properties and destroy substrate-
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binding sites in the enzyme molecule. In this case, the
ability of hemoprotein to react with substrates and its
catalytic activity considerably decrease. Hydroxylation
of the cholesterol steroid nucleus is also impaired,
which causes the accumulation of cytotoxic mono- and
dihydroxyderivates of bile acids in hepatocytes [2,
4,10]. In high or low (in the case of prolonged expo-
sure) concentrations, these compounds produce deter-
gent effects on membranes of hepatocyte endoplasmic
reticulum. This leads to the dissociation of membrane
enzyme complexes, conversion of cytochrome P450
into catalytically inactive cytochrome P420, and de-
struction of substrate-binding sites in the enzyme mo-
lecule.

TABLE 1. Effects of DCA Intoxication and Various Methods of Its Correction on ALT Activity and Functions of
Monooxygenase, Glucuronidation, and Glutathione Conjugation Systems (M+m)

DCA
NaCl -
Parameter @ +NaCl +heptral +vitamin E +ursofalk +cordiami-
num
ALT, mmol/iiter 2.06+£0.14 | 4.69+0.56* | 4.02+0.55* | 3.16+0.37** | 2.51+0.33* | 3.97+0.48*
Monooxygenase system
cytochrome P450, nmol/mg 0.82+0.05 | 0.38+0.09* | 0.38+0.12* | 0.53+0.10* | 0.76+0.04" | 0.77+0.15*
cytochrome b, nmol/mg 0.54+0.07 | 0.35+0.05* | 0.37+0.06 0.49+0.06 | 0.58+0.04* | 0.64+0.06*
NADPH-cytochrome P450
reductase, pymol/min/mg 0.26+x0.02 | 0.20+0.01* | 0.20+0.01* | 0.23+0.02 0.22+0.01 | 0.24+0.01*
NADH-cytochrome b, reductase,
umol/min/mg 4.40+0.23 | 2.51£0.30* | 2.82+0.39* | 3.59+0.39* | 3.87+0.18" | 3.88+0.30*
NADPH oxidation, nmol/min/mg 2.71£0.21 | 1.73£0.30* | 2.14+0.40 | 1.97+0.21* | 2.83+£0.17* | 2.92+0.46*
aminopyrine N-demethylation,
nmol/min/mg 11.33£0.09 | 3.83%1.04* | 5.45+1.44* | 8.30+0.37** | 9.41+0.39** {14.79+0.71**
" aniline p-hydroxylation,
nmoi/min/mg 0.67£0.09 | 0.24+0.04* | 0.30+0.05* |- 0.37+0.07* | 0.49+0.08* | 0.42+0.03**
Glutathione conjugation system
microsomal glutathione S-trans- )
ferase, nmol CDNB/min/mg 78.11+6.98 | 53.82+9.22* {45.43£10.58*| 63.05+11.89| 0.31x6.17 | 88.1£10.85*
cytosolic glutathione S-transferase:
pmol CDNB/min/mg 0.60+0.06 0.46+0.10 0.44+0.13 0.54+0.11 0.48+0.08 | 0.78+0.12*
nmol BSF/min/mg 7.99+0.37 | 6.61x0.75 7.76+1.08 7.64+0.74 7.42+0.81 | 9.14+0.92*
Glucuronidation system
UDP-glucuronosyltransferase,
nmol/min/mg 3.46i0.22 2.59+0.29* | 2.97+0.37 2.65+0.42 3.57+0.40 | 5.17+0.69**
UDP-glucose dehydrogenase,
nmol/min/mg 14.33£1.17 | 10.42£0.69* | 10.37+1.43* | 11.65%1.32 | 12.82+1.03 | 14.62+0.65"
glucuronic acid, mg/15 h:
total 3.48+0.23 3.87+£0.57 4.44+0.51 3.32+0.60 3.87+£0.44 | 6.53+1.07**
conjugated 2.60+0.24 3.00+0.44 3.21x0.45 2.72+0.42 2.91+£0.30 | 4.93+0.58*
nonconjugated 0.77£0.12 | 1.24+0.16* | 1.05+0.29 0.80+0.21 0.80+0.06" | 0.67+0.11*
conjugated/total 0.77+0.03 | 0.70£0.02* | 0.74+0.03 0.77+0.03 | 0.77+0.02" | 0.87+0.01**

Note. CDNB: 1-chloro-2,4-dinitrobenzene; BSL: bromosulfophthalein. p<0.05: *compared to rats receiving NaCl; *compared to rats receiving

DCA+NaCl.
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DCA, as well as phospholipase, attacks membrane
phospholipids and increases the permeability of he-
patocyte plasma membranes. In addition, DCA inhib-
its biogenesis of endoplasmic reticulum membranes.
Therefore, cytochrome P450 not incorporated into new
membrane is washed from cells out or inhibited [2].

Heptral produced no considerable effect on en-
zyme activities in rats with DCA intoxication.

Membrane-protective effects of a-tocopherol were
more pronounced in hepatocyte plasma membranes (as
estimated from ALT activity) and less pronounced in
the endoplasmic reticulum. These data are confirmed
by experiments of E. Serbinova et al. [11] showing
that o-tocopherol (but not 2,2,5,7,8-pentamethylchro-
manol) is ineffective against LPO-induced damage to
cytochrome P450. The mechanism of this selective
antioxidant influence of o-tocopherol on various cell
membranes is still unclear.

Unlike a-tocopherol, ursofalk produced membrane-
stabilizing effects on hepatocyte plasma membranes
(decrease in ALT release into the blood) and endoplas-
mic reticulum (normalization of microsomal oxida-
tion, glucuronidation, and glutathione conjugation en-
zymes systems suppressed with DCA). It is known
that nontoxic hydrophilic ursodeoxycholic acid (urso-
falk, 1% food weight) prevents DCA-induced cho-
lestasis and symptoms of hepatotoxicity in rats (ele-
vated content of bile acids in the serum, inflamma-
tion of hepatic triads, proliferation of bile ducts,
hepatocyte necrosis, and polymorphism of hepatocyte
nuclei) [12].

Enzyme-normalizing effects of ursofalk during
DCA intoxication are probably realized via the follow-
ing mechanisms: the decrease in concentrations of
DCA and other cytotoxic cholates due to the inhibi-
tion of their absorption in the small intestine; stimu-
lation of bile acids transport; formation of nontoxic
mixed micelles consisting of ursofalk and hydropho-
bic cholates [13]; and incorporation of ursofalk into
biological membranes followed by stabilization of
their conformation.

The ability of cordiaminum to restore activity of
microsomal oxidation, glucuronidation, and glutathio-
ne conjugation enzyme systems during DCA intoxica-
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tion is due to its enzyme-activating (substrate induc-
tion of cytochrome P450 and elevation of NADPH
level) and antioxidant properties [1,6,9].

Our results indicate that DCA inhibits membrane-
bound enzyme systems of microsomal oxidation, glu-
curonidation, and glutathione conjugation of xenobi-
otics and disturbs the integrity of hepatocyte plasma
membranes. Heptral produced no considerable protec-
tive effects. a-Tocopherol protected hepatocyte plas-
ma membrane, but exhibited a less pronounced effect
on xenobiotic biotransformation. Ursofalk normalized
the permeability of plasma membranes and improved
oxidation, glucuronidation, and glutathione conjugation
of xenobiotics. Cordiaminum stimulated drug metabo-
lism in the liver.

REFERENCES

1. G. Z. Abakumov, L. F. Legon’kova, L. B. Zavodnik, et al., Ve-
sti Acad. Nauk Belarus. Ser. Biol. Nauk, No. 5, 107-109 (1990).

2. A. F. Blyuger and A. Ya. Maiore, Usp. Gepatol. (Riga), No.
10, 12-13 (1982).

3. M. . Bushma, L. F. Legon’kova, G. Z. Abakumov, et al.,
Vopr. Pitaniya, No. 6, 12-15 (1994).

4. E. S. Gorshtein, A. Ya. Maiore, and N. A. Makarova, Ex-
perimental Pathology of the Liver [in Russian], Riga (1983),
pp. 63-69.

5. V. G. Kolb and V. S. Kamyshnikov, Manual on Clinical Che-
mistry [in Russian], Minsk (1982), pp. 111-115.

6. “L. F. Legon”kova, M. 1. Bushma, and P. I. Lukienko, Byull.
Eksp. Biol. Med., 110, No. 2, 633-635 (1990).

7. V. V. Lyakhovich and I. B. Tsyrlov, Structual Aspects of
Monooxygenase Biochemistry [in Russian], Novosibirsk (1978).

8. V. M. Mishin and V. V. Lyakhovich, Biofizika, 19, 83-87
(1974).

9. N. O. Stepanyan and L. A. Tseitlin, Byull. Eksp. Biol. Med.,
66, No. 7, 51-53 (1968).

10. J. M. Little, P. Zimniak, A. Raclominska, et al., Hepatology,
14, No. 4, Pt. 1, 690-695 (1991).

11. E. Serbinova, V. Tyurin, S. Stoytchev, and V. Kagan, Acta
Physiol. Pharmacol. Bulg., 11, No. 3, 55-60 (1985).

12. S. Shefer, B. T. Kren, G. Salm, et al., Hepatology, 22, Pt. 1,
1215-1221 (1995).

13. A. B. Stefaniwsky, G. S. Tint, J. Speck, et al., Gastroentero-
logy, 89, 1000-1004 (1985).

14. H. Yuki and W. H. Fishman, Biochim. Biophys. Acta, 69, 576-
578 (1963).




