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Liver Resistance to CCl -Induced Injury after
Stimulation of Macrophages with Various Preparations
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Acute toxic hepatitis in male Wistar rats was produced by single injection of 40% CCI, (0.2 ml
per 100 g body weight in oil). Pretreatment with various immunostimulators (bacterial
polysaccharides prodigiozan and salmozan; yeast polysaccharides zymosan, peptidoglycan,
and mannan; and hydrolytic enzyme egg lysozyme) produced a hepatoprotective effect corre-
lating which the stimulatory influence on macrophages and increasing in the following or-
der: mannan<peptidoglycan<zymosan<lysozyme<salmozan<prodigiozan.
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Our previous studies showed that substances stimula-
ting mononuclear phagocytes protect hepatocytes from
damage induced by tetrachloromethane (CCl) in ex-
perimental animals. Hepatoprotective effects are prima-
rily related to activation of liver macrophages (MP),
i.e., Kupffer cells (KC) [2,3].

There are many MP-stimulating agents, including
natural high-molecular-weight compounds (polysac-
charides of pathogenic and nonpathogenic bacteria,
yeasts, and actinomycetes) and purified and recombi-
nant products of MP used for experimental modeling
and prevention of stress-induced damages. These com-
pounds produce diverse effects on MP, which probab-
ly explains their opposite effects on organism’s resis-
tance. Here we studied the effects of MP-stimulating
substances on hepatocytes resistance to CCl-induced
injury.

MATERIALS AND METHODS

Experiments were performed on male Wistar rats weig-
hing 180-220 g fed standard laboratory diet. Acute
toxic hepatitis was produced by single subcutaneous
injection of 40% CCl, (oil solution, 0.2 ml per 100 g
body weight). Experimental animals received the fol-
lowing MP-stimulating substances: bacterial polysac-
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charides prodigiozan from gram-negative bacteria S.
marcescens (Central Institute of Postgraduate Medical
Education, 250 pg/kg) and salmozan from S. typhy
(N. F. Gamaleya Institute of Epidemiology and Micro-
biology, I mg/kg) (intraperitoneally 24 h before CCl,
administration); yeast polysaccharides zymosan from
Candida albicans (Biokhimreaktiv, 5 mg/kg intrave-
nously 4 days before CCl, administration), peptido-
glycan from Saccharomyces cerevisiae (Fluka, 100
mg/kg)., and mannan (major Candida albicans poly-
saccharide, Fluka, 2 mg/kg); and egg lysozyme (Sig-
ma, 5 mg/kg). Control rats received an equivalent vol-
ume of 0.85% NaCl. The animals were decapitated 24,
48, and 72 h after administration of CCl,. The degree
of liver damages was estimated by morphometry of
necrotic zones and hydropic balloon and acidophilic
degeneration on slices stained with hematoxylin and
eosin and by plasma activity of alanine transaminase
(ALT) [11]. Functional activity of KC was estimated
by the rate of colloidal carbon clearance (Gunter Wag-
ner) from the blood [5]. The content of prostaglandins
in whole liver homogenates was estimated using a*H
Prostaglandin E RIA kit (Travel. Diagnost.).

RESULTS

Injection of MP-stimulating substances considerably
enhanced absorbing properties of mononuclear phago-
cytes (primarily KC), which was confirmed by accele-
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rated clearance of colloidal carbon. Prodigiozan, sal-
mozan, zymosan, and lysozyme decreased the half-
time of colloidal carbon removal (T, ,) by 2.6, 2.4, 3.0,
and 2.2 times, respectively, compared to that in intact
rats (p<0.001, Table 1).

Serum ALT activity 24 h after CCl, administra-
tion 6-fold surpassed the control value (p<0.001, Ta-
ble 2). Foci of centrolobular necroses and balloon he-
patocyte degeneration (morphological signs of acute
toxic hepatitis) were revealed in the liver at this peri-
od. The lesions occupied 57.5%cross-section area.
Forty-eight hours after CCl, administration, destruc-

tive changes in the liver were less pronounced, and

damaged regions were infiltrated with inflammatory
cells. Seventy-two hours postinjection, we found signs
of hepatocyte degeneration and inflammatory infiltra-
tion. Pretreatment with bacterial polysaccharides pro-
duced a hepatoprotective effect. Preliminary injection of
prodigiozan and salmozan 3.3- and 2.7-fold decreased
serum ALT activity, respectively, 24 h after CCl, ad-
ministration (p<0.01 compared to the control, Table
2). Only solitary necroses of hepatocytes and moder-
ate degenerative changes (granular acidophilic and fatty
degeneration) were detected in the liver. The area of
lesions decreased by 1.9 times (p<0.01). Forty-eight
hours after CCl, administration, we found only insig-
nificant signs of fatty degeneration of hepatocytes and
mononuclear infiltration. The ultrastructure of hepato-
cytes was restored 72 h postinjection.

Yeast polysaccharide zymosan produced similar
effects. Serum ALT activity was reduced by 3 times
(p<0.01), and the area of CCl,-induced damages to the
parenchyma decreased by 1.8 times compared to the
control (p<0.01). Stimulation of KC with peptidogly-
can and mannan produced less pronounced hepatopro-
tective effects: serum ALT activity decreased by 2.5
and 2.0 times (p<0.05), and the area of CCl,-induced
damages to hepatocytes decreased by 1.5 and 1.3 times
(p<0.05), respectively. Forty-eight hours after CCI,

525

administration, only residual acidophilic and fatty de-
generation and inflammatory infiltration were obser-
ved. Minor signs of inflammatory infiltration persis-
ted also 72 h postinjection; the ultrastructure of hepa-
tocytes was practically restored.

Lysozyme attenuated CCl -induced damages to
the liver tissue and reduced serum ALT activity by 2.6
times. Hepatocytes with moderately vacuolated cyto-
plasm predominated in the central part of hepatic lob-
ules. Solitary cells with signs of hydropic balloon de-
generation were revealed. The area of lesions decrea-
sed by 2.1 times compared to the control (p<0.01).
Zones of destructive lesions were infiltrated with in-
flammatory mononuclear cells. Forty-eight hours af-
ter CCl, administration, we revealed only insignificant
signs of inflammatory mononuclear infiltration and
proliferation of hepatocytes; 72 h postinjection, hepa-
tocyte ultrastructure was completely restored.

Hence, pretreatment of KC with various stimulat-
ing substances enhances MP-dependent hepatoprotec-
tive mechanisms, prevents structural and metabolic
damages to the liver tissue and, therefore, activates
reparative processes. Bacterial polysaccharides, lyso-
zyme, and yeast polysaccharide zymosan were most
effective in protecting the liver, while purified yeast
polysaccharides mannan and peptidoglycan were less
potent. Hepatoprotective effects decreased in the follo-
wing order: prodigiozan>salmozan>lysozyme>zymo-
san>peptidoglycan>mannan.

There are data that activation of MP is accompa-
nied by inhibition of cytochrome P-450 in the liver
[4]. In this case, interferons [10], interleukin-1 [13],
and tumor necrosis factor [9] secreted by activated MP
act as inhibitory monokines. The amount and type of
synthesized products depend on the nature, dose, mo-
lecular weight, physical properties, chemical com-
position, and structure of the stimulating substance, as
well as on the reciprocal regulation by MP mediators.
Synthesis and cytoprotective effects of the majority of
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TABLE 1. Blood Clearance of Colloidal Carbon and Content of Prostaglandin E in Rat Liver Homogenates after Stimulation

of MP with Various Preparations (Mtm, n=6)

Group T,,» Min Clearance indexes pg /F;EJOOSt;%IaIi?/girntg’sue
Intact 9.5+1.5 0.033+0.002 413.4+78.8
Prodigiozan 3.6120.24* 0.079+0.015* 2691.0+321.3*
Salmozan 3.91+0.28* 0.077+0.009* —
Zymosan 3.17£0.18* 0.095+0.017* 3020.2+110.1*
Lysozyme 4.30+0.48* 0.070+0.012* 1951.0+66.2*
Peptidoglycan 5.10+0.32** 0.059+0.005** » —
Mannan 6.64+0.20*** 0.044+0.007*** 1221.0+245.7*

Note. *p<0.001, **p<0.01, and “**p<0.05 compared to intact rats.
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TABLE 2. Effects of MP-Stimulating Substances on CCl,-Induced Damage to the Liver (Mtm, n=6)
Area of damage
Group ALT, U
arb. Units %

0.9% NaCl+CCl, (control) 1.8+0.1 20.70+0.09 57.5
Prodigiozan+CCl, 0.54+0.07* 10.90+0.54* 30.3*
Salmozan+CCi, 0.68+0.12* 11.1£0.9* 30.8*
Zymosan+CCl, 0.60+0.14* 11.8+1.3* 32.7**
Peptidoglycan+CCl, 0.72+0.12** 13.9x0.7* 38.6*
Mannan+CCl, 0.90x0.09** 16.0+0.6** 44 .4**
Lysozyme+CCl, 0.70+0.13* 9.8x1.2* 31.2*

Note. *p<0.01 and **p<0.05 compared to the control.

macrophagic factors depend on prostaglandin E [12]
produced (for the most part) by activated KC [6]. Five
hours after single stimulation of KC with prodigiozan,
zymosan, lysozyme, and mannan, the content of pro-
staglandin E in liver homogenates increased by 6.5, 6.7,
4.72, and 3.0 times, respectively (p<0.01, Table 1). It can
not be excluded that high resistance to CCl, after stimu-
lation of KC is associated with increased production
of prostaglandin E in the liver. These results are con-
sistent with previous data showing hepatoprotective
[1] and inhibitory [7,8] effects of prostaglandin E on
microsomal monooxygenase activity in hepatocytes.

REFERENCES

1. A. L. Vengerovskii, N. O. Baturina, and A. S. Saratikov, Eksp.
Klin. Farmakol., 60, No. 5, 78-82 (1997).

2. D. N. Mayanskii, S. N. Kutina, and E. G. Shcherbakova, Anti-
biotiki i Khimioterapiya, No. 2, 128-131 (1988).

3. D. N. Mayanskii, S. N. Kutina, and 1. Shimek, Pat. Fiziol.,
No. 6, 42-45 (1985).

4. 8. V. Sibiryak, S. A. Sergeeva, T. G. Khlopushina, et a/., Byul.
Eksp. Biol. Med., 125, No. 2, 183-186 (1998).

5. B. Beneceraff, G. Biozzi, and B. Halpern, Physiopathology of
RES, Spingfield (1957), pp. 52-79.

6. K. Decker, Eur. J. Biochem., 192, 245-261 (1990).

7. K. Flyjiwara, S. Mochida, A. Ohno, et al., Dig. Dis. Sci., 40,
No. 1, 41-47 (1995).

8. S. Ischizuki, N. Kanda, and E. Fujhira, Biochem. Med. Meiab.
Biol., 35, 40-49 (1986).

9. U. Karck, T. Peters, and K. Decker, Exp. Cell: Biol., 57, No.
2, 101 (1989).

10. H. Okuno, M. Takasu, H. Kano, et al., Hepatology, 17, 65-69
(1993).

11.S. Reitman and S. Frankel, Am. J. Clin. Pathol., 28, 56-58
(1957).

12. M. Renic, F. Culo, A. Bilic, et al., Cytokine, 5, No. 3, 192-
197 (1993).

13. K. Sujita, F. Okuno, Y. Tanaka, et al., Biochem. Biophys. Res.
Commun., 168, 1217-1222 (1990).




