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Summary Various natural or synthetic preparations have been
actively used to treat chronic liver lesions. The main cri-

The effect of the actoprotector bemithyl (2-ethylthiobenteria of effectiveness of pharmacological preparations

zimidazole hydrobromide) on the content of glycogen angsed to treat chronic hepatitis and cirrhosis are complete-

activities of glycogen synthase, glycogen phosphorylasgess and rate of recovery of hepatic dysfunction. It has to
and glucose-6-phosphatase was studied in the cirrhotic gt 5 gmitted, however, that the effectiveness of the avail-

liver. The content of glycogen and its fraction was deteé'ble pharmacological preparations (e.g. essential phos-

mined by a cytofluorimetric method (®RYAVTSEVA et al. linid d / f th imal | s
1974). It has been shown that in cirrhosis the content Bf©liPids and preparations of the animal or plant origin)

total glycogen in hepatocytes increases about 3 times /€ turned out to be not as high as was hoperi(io

the content of its stable fraction increases 7.5 times. The a&880). Therefore, the search for new preparations and
tivity of glucose-6-phosphatase fell to a level as low &&udy of their mechanisms of action is particularly im-
25% of normal. Activities of glycogen synthase and glycgaortant.

gen phosphorylase in the cirrhotic liver did not differ from Recently, to restore physiological function and to treat
normal. In the cirrhotic liver, bemithyl produced a decreasgarious structural abnormalities, derivatives of benzimi-
of the total glycogen content which was associated witheyzole have been used increasinglyik8ov 1994). The
decrease of the glycogen synthase activity and an inCregs,zimidazole derivatives, actoprotectors bemithyl

of the glucose-6-phosphatase and glycogen phosphorylase . Lo : .
activities. Thus, the results of our studies indicate a favgﬁeethylth|oben2|m|dazole hydrobromide) and ethomer

able effect of bemithyl on the cirrhotic liver. zol (5-ethoxy-2-ethylthiobenzimidazole ‘hydrochloride),
have been shown to accelerate reparative liver regenera-
tion, to improve function of diseased liver, and to pro-
Introduction duce immunomodulating and antioxidant effects. It is be-
lieved that the mechanism of action of actoprotectors in-
Chronic hepatitis and cirrhosis of various causes avelves activation of the RNA and protein synthesis and
among diseases that are the most dangerous for hurttat this activation is the most pronounced in organs with
health. Chronic effects of viruses or toxic substancescontinuous turnover of short-lived proteins (liver, kid-
produce a wide spectrum of liver damage. Treatment 08y, intestine). Among the liver proteins synthesized in-
these diseases is very difficult due both to the multiptensively under the effect of actoprotectors are enzymes
effects of the damaging factors and to the necessity faresponsible for gluconeogenesis which are of particular
this organ to perform its numerous functions continuougnportance for maintaining the organs vitalityo@zin
ly and effectively. and $1rNov 1993; SnrNov 1994).
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One of the tissue-specific liver functions essential faytes was determined using a LUMAM IUV-3 cytofluo-
the whole organism is glucostatic function. The functiortimeter (LOMO, St. Petersburg, Russia) The wavelengths
al role of the liver is known to depend directly on thé04 and 436 nm, which excite fluorescence of auramine 00
state of its glucostatic function. Any lesion of the livefR€anal, Hungary), were isolated from the emission spec-

it ; ; ; ; m of a DRSh-250-2 hydrogen lamp with filter FS-1
initially involves this function and directly affects glyco-tru 0 ;
gen content in hepatocytes. (8 mm) and SZS-24 (4 mm). Optic glasses ZhZS-19 (1 mm)

. nd ZhS-18 (1 mm) were used as obturating filters to isolate
The goal of this work was to study the effects g | minescence light. Photography of isolated hepatocytes
2-ethylthiobenzimidazole hydrobromide on carbohystained with auramine-SO2 was performed using a
drate metabolism in the cirrhotic liver. LUMAM-I-1 luminescence microscope (LOMO, St. Peters-
burg, Russia) with objectives 8@nd 20x.
The total protein was revealed by staining preparations
Materials and methods with Naphthol Yellow S (Sigma) (&8 et al. 1981). The
total protein content in hepatocytes was measured in a Mor-

hoquant scanning absorptional cytophotometer (Carl Zeiss,

The study was carried out in one-year-old male white ra§a 5 * Germany), using the wavelength 475 nm, objective
weighting 200-250 g (obtained from the animal nurserys, g 50, scanning step 0.8 and aperture diameter 0.8 um.

“Rappolovo”) that were fed once a day at approximately The activity of glucose-6-phosphatase in liver ho-
10 o'clock in the morning. One group of the rats was SUljogenates was determined by the method erBLooT
jected to chronic exposure to carbon tetrachloride JCClet 5] "(1991): activities of glycogen synthase and glycogen
The rats were intoxicated over 6 months in a special C|OSﬁHOSphory|ase were determined by the methods\ebA4

chamber of 40 liters volume. They were exposed three times 1992y The total protei tent bv th
weekly for 15 min to a CGtoncentration of 0.05 g/l. As a met(hoc?o)f.BeADeFooRg(fégg)l.n content was measured by the

result, typical liver cirrhosis developed in rats of this group Using automatic biochemical analyzers SMA-12/16

in 6 months. In the second group, the rats were injected Withschnicon Instruments Co., USA) and Abbot-Spectrum
bnedmlfhhyl (12 mg/kg body weight) 3 times a week for the 1 appot [ aboratories, USA), activities of alanine amino-
2, 4% and 3 month after the beginning of the G@OI-  {angferase (AIAT) (ENRv et al, 1960) and aspartate
soning. The rats of the third group received no treatmegt,inotrasferase (ASAT) @Ry et al. 1960) and contents
and served as control. Each group was composed of 5 rat§s iotal bilirubin (TB) (GweiNo and FReDA 1966; EN-

To rule out an acute Cgrffect, specimens were collect- o oo« and Gror 1938), urea nitrogen (UN) (MsH et al.
ed 7 days after the last C@ixposure session. Rats of th'9’1965) creatinine (Cr) (&EeNwALD 1928; MaRTINES and
control and experimental groups were lastt fed in the morgy, ) ‘»\ 1960), and glucose (@wN 19(’37) were deter-
ing, of the day before specimen collection. Liver tissue thgt 1o in the blood serum. To evaluate the degree of recov-

was obtained after decapitation of the animals abogty of hepatic function, a standard duration of hexenal

10-11 o'clock in the morning was used to perform histQgaen test was performed. This reflects the state of the hep-

logical, morphometrical, biochemical, and quantitative Cstic microsomal enzyme systems used for metabolizing

tochemical studies. For histological studies, liver piecesnopiotics. Hexenal was injected intraperitoneally at a
were fixed in 10% neutral formalin, embedded to paraffiyyca of g0 mg/kg (¥RLY 1976).
and 5-7-um thick sections were cut on a microtome. The graristical treatment of results was performed using stan-

sections were stained with hematoxylin-eosin van ;
GiesoN (PeEArRsE1962). The relative volume of the connecg?éﬂ]ggfgf ggr?/]c\/itrrwlgoli;v% IlBg/l programs Statgraphics 5.0 and

tive tissue, parenchyma, and other structures in the norma
and pathologically altered liver without treatment and after
treatment with bemithyl was determined by the method of . .
WEIBEL (1979), using an eye-piece grid, objective 25 Results and discussion
0.50, and eye-piecex8 The stained sections were pho-

tographed using an Axiophot microscope (Opton, Ger- . . P . . —
many) with objective 18 0.4 and photoocular 132 Histological examination of the liver of rats intoxicat

The content of glycogen and total protein in hepatocyté:‘éj 'for 6 mo'_“hs W'th C(;Irevgaled development Of. a
was determined in smears of isolated cells obtained after f@ical liver cirrhosis characterized by a marked prolifer-
liver perfusion with a 1:1 (v/v) of 0.067 M phosphate buffeftion of connective tissue, appearance of foci of lympho-
and 5% sucrose. Isolated hepatocytes on glass slides weytc infiltrates, and disturbances of the lobular structure
fixed with methanol. Glycogen fractions in hepatocytesf the organ (fig. 1a, b). Morphometrical analysis of the
were detected using a fluorescent PAS reaction with rmrmal and cirrhotic liver revealed that in cirrhosis the
reagent of the Schiff type, auramine OO>$KUDRYAVTSE-  proportion of parenchyma decreased while that of the
VA et al. 1974). Oxidation of cell glycogen was performedonnective tissue increased 4 times as compared with
with an 0.8% solution of KIQin 0.3% water solution of .14 b < 0.001) (fig. 3). A similar change in the con-

HNO, at pH 2.0 and 20 °C for 90 min. After rinsing in ta oo
and distilled waters, the preparations were placed intcl?n ctive tissue and parenchyma has also been observed by

SO,-saturated (0.2 ml thionyl chloride) 4.5 g/l auramine sg2ther authors (MLLET et al. 1981; RukinD et al. 1983;
lution for 40 min (for determination of the labile glycogerRREICHEN €t al. 1987; dves et al.1986). S
fraction) or for 90 min (for total glycogen); the stable glyco- Injections of bemithyl to the rats chronically intoxicat-
gen fraction was calculated as difference between labile a@d with CCJ led to some decrease of the proportion of
total glycogen fractions. The glycogen content in hepatgonnective tissue in the liver. Nevertheless, its relative
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liver cirrhosis after injection of bemithyl. Staining by PAS reaction. Ob-

a: normal; b: with experimental liver cirrhosis;: with experimental
jective 10x.

Fig. 1. Sections of the rat liver.
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amount exceeded normal by about twofghd<(0.001)

(fig. 3). In addition, the liver structure in the rats treated

with bemithyl was characterized by the disappearance of
lymphocytic infiltrates and a decrease of the number of
Kupffer cells, thus indicating a tendency for recovery of

the liver normal structure. However, complete restoration
of the normal organ structure was not achieved (fig. 1c).

After performance of the fluorescent PAS reaction,
hepatocytes in normal liver were characterized by a
rather fine structure and clear contours of the nucleus and
cytoplasm (fig. 2a). In the cirrhotic liver, a polymorphism
of the cells was observed both for their size and shape and
for their structure: there were many vacuolized hepato-
cytes with blurred contours of the nucleus and cytoplasm
(fig. 2b). The structure of hepatocytes of the rats injected
with bemithyl was close to normal (fig. 2c).

As seen from table 1, liver cirrhosis in rats was ac-
companied by an elevation of the AIAT and AsAT activi-
ties and of the total bilirubin concentration in the blood.
Duration of hexenal sleep in cirrhosis increased about
5 times as compared with normal< 0.001). This indi-
cates a decrease of activity of the microsomal xenobiotic
metabolizing enzyme systems, including hexenal. All
these data lead to the conclusion that cirrhosis produces
not only damage and death of hepatocytes, but also dis-
turbance of various liver functions.

One of the major functions of liver is its maintenance
of a constant blood glucose level. D-glucose represents a
transport form of carbohydrates and is the only source of
energy used in several tissues. Although some authors
have revealed a deviation of the blood glucose concen-
tration from normal in cirrhosis (KAHENBUHL et al.
1991; GarDINA et al. 1994), most of the available data
indicate that the fasting glucose concentration in the
blood serum of patients or rats with liver cirrhosis does
not differ from normal (EATHERDALE et al. 1980; RsGlo
et al. 1982; @eN et al. 1981; MRcHESINI et al. 1981;
CavaLLO -PeRIN et al. 1985; Riewska et al. 1986; d-
HANSSON et al. 1994; Prersenet al. 1999). The blood

Fig. 2. Hepatocytes of rats. : T . . .
a: normal:b: with experimental liver cirrhosis; with ex- ~ Sugar level after overnight fasting in cirrhotic patients is

perimental liver cirrhosis after injection of bemithyl. Pelieved to decrease only in severe hepatic failure
Staining by the fluorescent PAS reaction. Objective, 90 (KRuszynska and MCINTYRE 1991). This is confirmed

eye-piece 8. by our data that indicate that glucose levels in cirrhosis
The part of parenchyma The part of connective tissue
in the rat liver, % in the rat liver, %
120 - 4 -
100 - L Fig. 3. Values for parenchyma and connec-
3 tive tissue of normal rat liver, in rats with ex-
80 | perimental liver cirrhosis and in rats with ex-
perimental liver cirrhosis after injection of
60 27 bemithyl.
40 - |: control, ||: liver cirrhosis (6 months of
20 11 CCl, intoxication, I11: liver cirrhosis + be-
1 mithyl (6 months of CClintoxication with
0 0 injections of bemithyl).
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do not differ from normal (table 1). At the same time, thit has been shown that in cirrhosis the hepatocyte size in-
data presented in table 1 indicate that bemithyl decreasesases due to a rise of cell ploidy and hypertrophy of cy-
blood glucose by approximately 30%. A decrease tbplasm (KiDRvavTSEvA 1991; S«KuTA and KUDRYavT-
blood glucose concentration by bemithyl in conjunctiogev 1996). Therefore, in the present work the glycogen
with liver regenerating after a partial hepatectomy wasntent was determined not only per cell, but also per
earlier reported by @voroNskaya (2000). protein content in cells. As seen from table 2, in cirrhosis

Blood glucose concentration is known to depend néte glycogen content per hepatocyte increased to approx-
only on the ability of the liver to absorb or produce gluimately 3.2 times normal. When taking into account the
cose, but also on the capability of peripheral tissues foell sizes, however, this increase was less pronounced at
its utilization. Among these tissues, a major role in th29 times jf < 0.001). The data obtained showed that in
oxidative and non-oxidative utilization of glucose igirrhosis not only the content of glycogen changes in
played by skeletal muscles which account for 40-45% oélls, but also its structure. In this case the ratio of the la-
the weight of all visceral organs (Wro 1969). In liver bile to stable glycogen fractions changes (table 2).
cirrhosis, the utilization of glucose by skeletal muscles The data presented in table 2 confirm results of our
has been shown to decrease markedRugi¢ynskaand earlier works on the cirrhotic human and rat liver, which
MCcINTYRE 1991; GARDINA et al. 1994; dHanssoNet al.  also revealed a rise of glycogen levelsJfRyavTSEVA
1994; Rcalo et al. 1997). An elevation of creatinine andl987; KUDRYAVTSEVA et al. 1994, 1996, 1998, 2000).
urea nitrogen concentrations in blood (table 1) after itdowever, some authors report a decrease of glycogen
jections of bemithyl to rats with liver cirrhosis indicatedevels in the cirrhotic liver (@en et al. 1981; RAHEN-
an increase of the level of protein metabolism in skele@bHL et al. 1991, 1996; BERsENet al. 1999). The rea-
muscles. The intensification of protein metabolisnsons for the discrepancy between our results and the data
which is characteristic of actoprotector effectf@iov  obtained by these authors are not yet known. It cannot be
1993), seems to lead to an increase of glucose utilizatiaried out that the differences are due to different method-
in the muscle tissue and, as a result, to a decrease ofdéd approaches used for determinations of the liver
blood concentration. glycogen levels. In our study, the glycogen content was

The liver performs its glucostatic function owing to itsneasured by a quantitative cytochemical method directly
ability to synthesize or degrade glycogen according to the hepatocytes. This approach is not confounded by
the needs of the organism, as well as via gluconeogeheterogeneity of the studied tissue. In the works by oth-
sis. Therefore, evaluation of this liver function can bers referred to above, the liver glycogen concentration
based on determinations of: 1) the activity of the key emras determined by biochemical methods. When using
zyme of gluconeogenesis, glucose-6-phosphatase; 2)tbase, the final result might be affected by heterogeneity
the glycogen level in hepatocytes; and 3) on activities of the liver cellular composition that is significantly
glycogen synthase and glycogen phosphorylase. changed in cirrhosis.

Results of the determination of the content of total As seen from table 2, the glycogen content in hepato-
glycogen and its fractions in the normal and cirrhoticytes of rats of the experimental group administered with
liver are presented in table 2. bemithyl exceeded the normal level by as little as 22%

In liver cirrhosis, the total glycogen content risegp < 0.001). It should to be noted that the glycogen frac-
2-3 times. The labile glycogen fraction is increasetibn ratio in the liver of rats of this group was closer to
twofold. The stable glycogen fraction that normally acaormal than that of the rats not injected with bemithyl.
counts for about 15-17% of the total glycogen conteiihe decrease of glycogen levels and of the stable glyco-
rises 7.5 times in liver cirrhosis. gen fraction in the liver of the rats treated with bemithyl

All other things being equal, the cell glycogen contertefinitely indicates a favorable effect of this drug on the
is determined by cell size @/sHoLmMEand SART 1977). pathologically altered organ.

Table 2. Content of total glycogen, its labile fraction and its stable fraction in the livers of normal rats and those with liver
cirrhosis either untreated or injected with bemithyl.

Group of rats Total glycogen Labile fraction of glycogen Stable fraction of glycogen
Control 2.39+£0.06 1.93+0.05 0.38 +£0.03

(6 months without intoxication)

Liver cirrhosis 7.73 £0.07*** 4,53 £ 0.07*** 3.05 £ 0.02***

(6 month of CCl4 intoxication)

Liver cirrhosis + bemithyl 2.94 £ 0.05%** 1.99 +0.06 0.62 £ 0.02***

(6 month of CCl4 intoxication with
bemithyl injections)

Mean values were significantly different from those in the control group: ***P < 0.001.
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The glycogen level in hepatocytes is determined by The data about glycogen phosphorylase in the cirrhot-
the ratio of its synthesis and degradation. Any changeioélly altered liver are similarly scarce and uncertain.
the rates of these processes leads either to an incread€éraHENBUHL et al. (1991, 1996) have found no differ-
to a decrease of the cell glycogen. ences in the total and active forms of glycogen phospho-

It has been shown that the capability of the human angase in the rat liver with CClcirrhosis as compared
animal cirrhotic liver for postprandial glycogen accumuwith control values. However, in the case of biliary liver
lation is markedly reduced @&HENBUHL et al. 1991; cirrhosis the same authors have revealed a decrease of
GIARDINA et al. 1994; Prersenet al. 1999). However, both total and active glycogen phosphorylase. Also, a
the data about glycogen degradation in the cirrhotic livé0% decrease of glycogen phosphorylase was observed
are not unanimous. On one hand, a faster glycogen degraliver of 3 (out of 35) children with chronic liver dis-
dation was reported in cirrhosis KKHENBUHL et al. eases (BNIAREK et al. 1985).

1991). But on the other hand, the glycogenolysis rate in Results of determinations of glycogen phosphorylase
liver of patients with cirrhosis was revealed to be loweactivity in the liver of our control and experimental rat
by 66% than in normal liver (RerseNnet al. 1999). groups (table 3) indicate that the total enzyme activity in

The data about activities of key enzymes of glycogethe cirrhotic liver decreased by 38% compared with nor-
esis and glycogenolysis, glycogen synthase and glyaoal liver (p < 0.001). Unlike the total enzyme, activity of
gen phosphorylase, also are scarce and controversigycogen phosphorylasa in the cirrhotic liver had
Using the model of thioacetamide liver cirrhosisss  no statistically significant difference from normal
DINA et al. (1994) have shown a decrease of glycogép > 0.05). Injections of bemithyl to rats submitted to
synthase activity in the rat cirrhotic liver. The authors behronic intoxication with CGlresulted in a rise both of
lieve that this decrease might be the cause of the redudeel total and active glycogen phosphorylase forms as
rate of glycogen accumulation in the cirrhotic liver whesompared with normal, 1.6 and 1.9 times, respectively
the fasting animals started getting food. A significant fa(table 3). This might possibly be due to an increase of
of the total and active forms of glycogen synthase, whighrotein synthesis in the liver.
correlated with a decrease of the number of hepatocytesAlthough some authors believe that the rate of gluco-
was observed in rats with biliary liver cirrhosis producedeogenesis in cirrhosis does not change, or even falls,
by ligation of the bile duct (KaHENBUHL et al. 1996). On (STEINER et al. 1962; RiEwskKA et al., 1986), most avail-
the other hand, the same authors found that the toddlle data indicate that gluconeogenesis increases in cir-
glycogen synthase level rise in the G@lodel of cirrho- rhotic liver (NewsHoLME 1976; QWEN et al., 1981, 1983;
sis in the rat, while the active form of the enzyme rd<ruszynska and McINTYRE 1991; KRAHENBUHL and
mained unchanged as compared with intact livetat(K REeiCHEN 1993; RETERSENet al. 1999). An enhancement
HENBUHL et al. 1991). of gluconeogenesis by the cirrhotic liver leads to a

The results of our determinations of glycogen syrehange in contribution of glycogenolysis and gluconeo-
thase activity in normal and cirrhotic rat liver (table 3yenesis to production of glucose. In normal liver after an
indicate that cirrhosis does not affect this enzyme activevernight fasting, 70-80% of glucose are formed via
ty. Earlier, we also had revealed that the glycogen syglycogenolysis and the rest is via gluconeogenesis
thase activity in the cirrhotic rat liver does not diffe(WaHREN et al. 1972; KRuszynska and MCINTYRE
from normal (KUDRyavTSEVA et al. 1994, 1996, 1998). 1991). In cirrhosis, however, the contribution of gluco-
Meanwhile, multiple bemithyl injections to rats intoxi-neogenesis to glucose production rises to 67-87%
cated chronically with CClled to a decrease by 30% of(OweN et al. 1981; PrerseNet al. 1999).
the glycogen synthase activity in the cirrhotic rat liver as In livers of patients with cirrhosis a reduced store of
compared with normap(< 0.05) (table 3). glycogen is considered among the main reasons for an

Table 3. Activities of glucose-6-phosphatase (G6Pase), glycogen phosphorylase (GP) and glycogen synthase (GS)
(nmol/min per mg protein) in the livers of rats of different groups.

Group of rats G6Pase Géform GP, total activity GS

Control 0.77 £0.03 1.35+0.05 2.43+0.03 0.0053 + 0.0004
(6 months without intoxication)

Liver cirrhosis 0.20 + 0.08*** 1.27 £0.08 1.51 + 0.03*** 0.0057 + 0.0005
(6 month of CCl4 intoxication)

Liver cirrhosis + bemithyl 0.59 +0.05* 2.52+£0.07***  3.79 £0.07*** 0.0037 + 0.0006

(6 month of CCl4 intoxication with
bemithyl injections)

Mean values were significantly different from those in the control group: *P < 0.001, **P < 0.01, ***P < 0.05.
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intensified shift of cirrhotic liver to metabolism charac- In conclusion, the data obtained allow the conclusion
teristic of a long-term fasting (&N et al. 1981, 1983; that the cirrhotic transformation of liver parenchyma
KRAHENBUHL et al. 1991; RaHENBUHL and ReicHEN leads to an almost 3-fold accumulation of glycogen in
1993). Our results do not confirm this conclusion. Whepatocytes. Such elevation of glycogen concentration in
have established (table 2) that the glycogen contentdalls does not seem to be due to changes of activities of
cirrhotic liver cells not only does not decrease, but, adhe key enzymes of glycogen metabolism, since the level
the contrary, rises significantly. Also, it has been showaf active forms of these enzyme in cirrhosis in fact re-
that activities of the key enzymes of glycogemains unchanged. The main reason for the rise of glyco-
metabolism, glycogen synthase and glycogen phosplgen levels in hepatocytes of cirrhotic liver is a pro-
rylase, essentially do not change in cirrhosis (table 3)ounced fall in glucose-6-phosphatase activity due to
This indicates no or only slight changes of glycogelipid peroxidation in membranes of endoplasmic reticu-
metabolism in the cirrhotic liver. Similar data were oblum. The fall of glycogen levels in hepatocytes after in-
tained in our earlier studies (KRyavTseva 1987; jections of bemithyl to rats subjected to chronic &
KUDRYAVTSEVA et al. 1989, 1994, 1996, 1998, 2000).  toxication seems to be due to a complex of causes, such
It was shown earlier that hereditary glycogenosis, tyf@s a decrease of glycogen synthase as well as an increase
| (von GEeRKE's disease), which is due to the lack of gluef activities of glucose-6-phosphatase and glycogen
cose-6-phosphatase activity, is usually accompanied plosphorylase. The results of the present work have also
an accumulation of glycogen in human liver and othethown that bemithyl promotes recovery of the glycogen
organs (RzenrFeLb and RrPova 1989). Glucose-6-phos- forming function of hepatocytes of cirrhotic liver.
phatase catalyzes detachment of the phosphate group

from glucose-6-phosphate formed at glycogenalysis or cknowledgment: The work was supported by Russian

gluconegenesis. As a result, free glucose is release ST A
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