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Conclusions: 
1. In mild immune-mediated hepatitis caspase-mediated apoptosis intensifies. 
2. In Con-A-induced mild hepatitis, administration of Plaferon LB enhances caspase-3 and  -8 

activity in hepatocytes in the regenerative phase. 
3. In the experimental model of Con-A-induced mild hepatitis, Plaferon LB intensifies hepatocyte 

apoptosis and accordingly reduces the risk of chronization. 
4. In the experimental model of Con-A-induced mild hepatitis, Plaferon LB speeds up recovery of 

liver to its normal structure. 
5. In the experimental model of Con-A-induced mild hepatitis, Plaferon LB modulates blood NO 

levels: in the most destructive phase it reduces NO levels while in the regenerative phase the opposite 
occurs in a statistically significant manner. 

6. In a mild immune-mediated liver injury, Plaferon LB prevents development of oxidative stress. 
7. Under the influence of Plaferon LB, increase in hepatocyte apoptosis and their simultaneous 

enhanced proliferative activity facilitates acceleration of regeneration processes in liver. 
 
 
 
 

Practical Recommendations: 
1. In weak immune-mediated infections (mild forms of Hepatitis B and Hepatitis C), Plaferon LB 

and other pro-apoptotic immunomodulators are recommended in the treatment of immune-mediated 
liver diseases. 

2. To investigate the mechanism of Plaferon LB effects thoroughly, it is reasonable to study its 
influence on the balance of pro-inflammatory and anti-inflammatory cytokines via Con-A induced 
hepatitis and other experimental models of autoimmune diseases. 

3. Identification of Plaferon LB fraction with immunomodulatory potential is reasonable to 
conduct using Con-A induced hepatitis model. 
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or because of inherited deficiencies in GSH synthesis. Thus, low GSH levels are observed during 
sepsis, acetaminophen intoxication, chronic alcohol consumption, and in acute Wilson’s disease. 
Moreover, hepatic GSH is subject to pronounced circadian alterations. Pharmacological enhancement 
of hepatic GSH renders the liver less vulnerable and protects against many direct hepatotoxins 
(Prescott et al., 1982). Increasing evidence argues for a dichotomal role of GSH with respect to cellular 
damage. 

In some paradigms of cell death where the primary event is apoptosis, a protective (i.e., anti-
apoptotic), and not an aggravating, effect of GSH depletion was reported. To date, NO-induced 
apoptosis of macrophages, CD95-mediated apoptosis of T cells, and cytokine-mediated hepatocyte 
apoptosis in vivo (Hentze et al, 1999) were found to depend on a sufficient intracellular GSH level of 
the respective cells. In these studies, the redox sensitivity of apoptosis-executing caspases, i.e. 
aspartate-specific cysteine proteases, was hypothesized to be responsible for the observed protection 
because of decreased GSH levels. However, elevated intracellular GSH levels can also abrogate 
apoptosis in various cell lines (Uhlig et al., 1992). 

At the next stage of the research, we studied changes of glutathione reductase (GR) in animal 
serum. Analysis of the results indicated that 8hr after the Con-A injection, the GR level was reduced in 
a statistically significant manner (p<0.01). Throughout the experiment, Plaferon LB maintained GR 
level at a certain level but did not reduce it to the normal one (Diag. 5). Assumably, Plaferon LB keeps 
GR at a level necessary for the proper operation of mitochondria. 

Similar to the activity of Plaferon LB, dexamethasone kept GR levels high over the experiment. 
However, at 8hr Plaferon weakened the GR activity Significantly (p<0.01). 

The results of our study fully correspond to the data of other studies that indicated an increase in 
GR activity in cirrhosis and hepatocellular carcinoma compared to the control tissue (Czeczot et al., 
2006). At the cellular level, GSH homeostasis is ensured by the balance of biosynthesis, consumption, 
oxidation and export. The homeostasis disorder can affect the liver capacity to protect itself from 
oxidative stress (Fernandez-Checa et al., 1997). 

At the last stage of our experiment, we studied mitochondrial activities of hepatocytes by means 
of MTT test. Spontaneous stimulation index (SI) of intact mice hepatocytes was equal to 1.14+0.2. In 
Con-A-induced mild hepatitis, at 24hr this parameter was 1.5+0.3 (compared to the control figure, 
p<0.05), while at 48hr it amounted to 1.16+0.11.  

Plaferon LB influence 24hr after the Con-A-injection did not differ from I group. However, at 
48hr the figure increased (2.06+0.12) so that it became statistically significant to exceed the analogous 
figure for the intact mice (p<0.01). It is noteworthy that in case of dexamethasone mitochondrial 
function was inhibited at 48hr (Diag. 6). 

Thus, given the results, it can be concluded that Plaferon LB strengthens mitochondrial function 
and boosts hepatocyte proliferation stimulating regenerative processes. 
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Hampton and Orrenius demonstrated that prolonged or excessive oxidative stress inhibits caspase 
activities and accordingly blocks apoptosis (Hampton et al., 1998).  

In order to find out possible relationship between hepatocyte apoptosis and changes of redox 
potential, as well as to elucidate pro-caspase activity of Plaferon LB potentially arising from its anti-
oxidant nature, we studied NO and glutathione reductase levels in the blood, as well as the hepatocyte 
mitochondrial activity. 

Metabolic changes occurring in various organs eventually come down to changes in the blood. 
This is why the blood is the most suitable object to study metabolic processes taking place in the 
organism. Our study conducted on the animal blood through the Con-A induced hepatitis gave the 
picture that is characteristic of oxidative stress. 

As seen from Diag. 3, NO levels are elevated at 8 hours after Con-A treatment without any 
further significant change till the end of the experiment.  

Administration of dexamathasone does not affect NO levels in Con-A-induced mild hepatitis. 
Thus, it lack an antioxidant capacity and hence the power to reduce lipid super-oxidation. 

Treatment by Plaferon LB significantly decreases NO level at 24h compared to I and III groups. 
However, under influence of Plaferon LB the synthesis of nitric oxide was significantly intensified at 
48h (Diag. 4), the stage that coincides with regenerative phase. 

It is known from the previous studies that nitric oxide participates in the regulation of the 
apoptotic process. It exhibits both anti- and pro-apoptotic qualities. The anti-apoptotic activity 
proceeds via two main mechanisms: cGMP-dependent and cGMP-independent. By stimulating 
production of cGMP, NO induces activation of soluble guanilyl cyclase which protects cells against 
apoptosis (Kim et al., 1997). This type of mechanism is not fully studied yet. The second one – cGMP-
independent mechanism – involves inhibition of lipid super-oxidation, peroxyl radical bonding, Bcl-2 
cleavage, cytochrome c release (Kim et al., 1998) and induction of proteins such as Hsp70 and Bcl-2 
(Mosser et al., 1997; Genaro et al., 1995). Besides, NO expresses its protective nature by S-
nitrosilating proteins. By S-nitrosilating 62nd cystein of p50 and p65 proteins, it can inhibit activation 
of NF-κB. NO donors inhibit activation of NF-κB by TNFα by stabilization of IκB-α and increasing 
expression of its gene. Due to high content of cysteins, caspases represent ideal targets of sS-
nitrosilation.  

It is also interesting to examine influence of NO on regulation of NF-κB and inflammation. Its 
mechanism is not quite known yet. However, both positive and negative effects have been described. 
These activities depend on NO levels, redox status, stimulus and cell type (Kim et al., 1997). 
Endogenously produced by eNOS and/or nNOS, small quantities of NO, can play a crucial role in 
modulation of NF-κB activation in the presence of various stimuli.  

It has been shown that in vitro and in vivo iNOS prevented TNF or Fas induced apoptosis 
(Bogdan et al., 2001). Even more, in iNOS deficient mice in vivo liver regeneration was inhibited. 

Besides, Sass et al. (2001) could not find 3-nitrotyrosine - the marker of tissue injury by NO - in 
Con-A treated liver indicating that inducible nitric oxide had cytoprotective effects. Even more, it can 
be deduced that this enzyme at least partially protects the cells. 

According to our results, Plaferon LB modulates NO levels. At 24hr, it reduces NO levels 
(p<0.01) to stop expansion of destructive activities, while at 48hr it raises inducible NO levels (up to 
the threshold concentrations) to accelerate proliferative processes. 
  The intracellular concentration of reactive oxygen species (ROS) is tightly regulated by 
multiple defense mechanisms involving ROS scavenging enzymes and small antioxidant molecules. 
Among these antioxidant systems acting as antioxidants or scavengers are glutathione and GSH 
dependent enzymes, which are one of the protective mechanisms vs. oxidative damage, both in the 
circulation and in various tissues, including liver. 

The total intracellular glutathione (GSH) concentration varies considerably, especially in the 
liver, and hepatic GSH can dramatically decrease as a result of drug metabolism after oxidative stress, 
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Sesavali 

problemis aqtualoba 

medicinis ganviTarebis mniSvnelovani tempebis miuxedavad, XXI saukunis 

dasawyisSi virusuli hepatitebi kvlav mZime da globalur problemad rCeba. 

jandacvis msoflio organizaciis monacemebiT virusuli hepatitiT 

daavadebulTa raodenoba ganuxrelad matulobs da miliardze mets Seadgens. 

ufro metic,  sxvadasxva saxis hepatitiT dedamiwis mosaxleobis TiTqmis 

mesamedi aris an odesme iyo inficirebuli. msoflioSi yovelwliurad am 

daavadebiT an misi garTulebiT 2 mln-mde adamiani iRupeba. 

saqarTveloSi 2004 wels virusuli hepatitebis (B da C) 1000-mde axali 

SemTxveva dafiqsirda. aRsaniSnavia, rom B hepatitis SemTxvevaSi mwvave 

mimdinareoba aRiniSneboda daavadebulTa 64%-Si, xolo qronikuli – 35%-Si, 

maSin roca C hepatitis dros faqtiurad naxevarze meti (daaxloebiT 55%) 

qronikuli iyo. ufro metic, saqarTvelos mosaxleobis 5-7% hepatitis 

sxvadasxva virusis matarebelia. 

B da C hepatitis virusebiT dainficireba organizms ori mTavari 

saSiSroebis winaSe ayenebs: erTi mxriv, daavadebis fulminanturi 

mimdinareobis SemTxvevaSi (RviZlis koma, elviseburi hepatiti) maRali 

letaluri gamosavali (90% letalurad mTavrdeba), meores mxriv ki, procesis 

qronizacia, rac sabolood RviZlis cirozis an hepatoceluluri karcinomis 

ganviTarebiT mTavrdeba. hepatitis elviseburad mimdinareobas adgili aqvs B 
da D hepatitebis virusiT erTdroulad dainficirebis 80%-Si. 

msoflios wamyvani hepatologiuri centrebis monacemebiT, HBV 
infeqciis fulminanturi mimdinareobis saSiSroeba inficirebulTa 80%-Si 

SeiniSneba (Grob et al., 1998). msoflio jandacvis organizaciis monacemebiT, 

daaxloebiT 2 miliard adamians gadatanili aqvs B hepatiti, xolo 350 

milionze meti HBV mtarebelia, qronikul mtarebelTa 25%-Si ki daavadeba 

RviZlis kibos ganviTarebiT mTavrdeba (Alter, 1995). msoflioSi RviZlis kiboTi 

yovelwliurad 1 milionze meti adamiani iRupeba. qronikuli HBV infeqciis 
persistentobis erT-erTi mizezi isaa, rom inficirdeba hepatocitebis 100% da 

ar xdeba maTi mocileba. 

mwvave virusuli hepatitis gadatanis Semdeg gamojanmrTelebis procesi 

didxans mimdinareobs. es gansakuTrebiT exeba C hepatits, romelic yvelaze 

rTuli mimdinareobiT xasiaTdeba. msoflio jandacvis organizaciis 

monacemebiT, C hepatitiT msoflioSi 300 milioni adamiania inficirebuli, 

romelTagan 130 milioni am virusis qronikuli mtarebelia. C hepatiti 

SemTxvevaTa 70-80%-Si ganicdis qronizacias da amaTgan 50-%-s cirozi 

uviTardeba. ufro metic, zogjer qronikuli hepatitis diagnostireba ar 

xdeba  da daavadeba mxolod cirozis stadiaze gamovlindeba. sakmaod xSirad 

C hepatitis mqone pacientebs axasiaTebT “cru gamojanmrTeleba”, roca 

sisxlis bioqimiuri analizebi normaSi modis (Scheuer et al, 1990). es fenomeni 
SeiZleba gagrZeldes ramdenime Tvidan ramdenime wlamdec ki. amitom arc Tu 

usafuZvlod mas simZimis mixedviT Sidss adareben. yovelive zemoT Tqmulidan 

gamomdinare, virusuli hepatitebis mkurnalobas Zalian didi mniSvneloba 

aqvs. 
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aracitopaTiuri virusebiTa (HBV, HCV) da autoimunuri geneziT 

gamowveuli hepatitebis dros RviZlis dazianebis meqanizmebi sabolood 

garkveuli ar aris, Tumca masSi T ujreduli imunuri pasuxis ganmsazRvreli 

roli dReisaTvis dasabuTebulia (Ando et al., 1997). adekvaturi imunuri pasuxi 
praqtikulad gamoricxavs qronikuli hepatitis ganviTarebis Sanss. susti 

imunuri pasuxis SemTxvevaSi ki daavadebis mwvave faza msubuqad, xSirad 

usimptomod mimdinareobs, rac SesaZloa procesis Semdgom qronizacias da 

hepatoceluluri karcinomis an cirozis ganviTarebas ganapirobebdes. 
RviZlis funqcionirebis SenarCunebaSi gadamwyveti mniSvneloba 

apoptozis saSualebiT virusiT inficirebuli ujredebis swraf da droul 

mocilebas eniWeba. janmrTel organizmSi mkvdari ujredebi swrafad 

Cainacvleba mitozis gziT warmoSobili axali ujredebiT, anu organoebSi 

ujreduli homeostazi narCundeba, maSin roca mwvave dazianebis dros Warbi 

da/an xangrZlivi apoptozi RviZlis funqciisa da reperfuziis moSlis mizezi 

xdeba. Warbi apoptozi aRiniSneba mwvave virusuli, alkoholuri hepatitebis, 

RviZlis qolestazuri daavadebis, vilsonis daavadebisa da “transplantanti 

maspinZlis winaaRmdeg” daavadebisTvis (GVHD). meores mxriv, virus-

inficirebuli hepatocitebis apoptozis deficiti mutirebuli genebis 

matarebeli ujredebis mocilebis moSlasa da ujredebis usazRvro 

gamravlebas iwvevs, rac gamudmebuli anTebis pirobebSi RviZlisa da 

naRvlsadeni sistemis simsivneebis ganviTarebas uwyobs xels. aqedan 

gamomdinare, sxvadasxva paTologiis dros RviZlis qsovilSi apoptozis 

mainhibirebeli Tu mastimulirebeli preparatebi potenciurad Zlieri 

Terapiuli saSualebebi SeiZleba gaxdes.  

virusuli hepatitebis paTogenezidan gamomdinare, zogierTi avtori 

virusuli hepatitebis samkurnalod upiratesobas imunotropul da 

antioqsidaciur praparatebs aniWebs (Zein et al., 1998; Schwarz, 1996; d.metreveli, 

1999; d. pavliaSvili, 1999). aRniSnuli faqtis gaTvaliswinebiT sainteresoa 

iseTi imunomamodulirebeli Tvisebis mqone preparatebis Seswavla, rogoricaa 

plaferoni lb. 

plaferoni lb Seqmnilia samedicino bioteqnologiis institutSi 

profesor vladimer baxutaSvilis mier. mas rogorc imunomamodulirebeli, 

ise anTebis sawinaaRmdego, antiiSemiuri da antioqsidaciuri Tvisebebi gaaCnia 

(T. Ciqovani, 1997; d. WavWaniZe, 1999; r. ruxaZe, 1999; m. gongaZe, 2004). garda amisa, 

dadginda, rom plaferoni lb-s gamoyeneba RviZlis sxvadasxva paTologiis 

dros RviZls metaboluri da morfologiuri cvlilebebis ganviTarebisgan 

icavs (m. faSalaSvili, 1995; d.pavliaSvili, 1999; Rukhadze et al., 1998; Chikovani et al., 
1999). ufro metic, Seswavlilia plaferoni lb-s antiapoptozuri Tvisebac 

(WoWua da sxv., 2006). preparatis hepatoproteqtoruli moqmedebis zusti 

meqanizmi ki dRemde ucnobia. 

dReisaTvis RviZlis imunuri dazianebis meqanizmebis Sesaswavlad 

sxvadasxva eqsperimentuli modelia mowodebuli. Con-A-Ti gamowveuli 

RviZlis dazianeba RviZlis klinikuri dazianebis identuria (Tiegs et al., 1992). 
amitom Con-A-Ti gamowveuli RviZlis imunuri dazianebis eqsperimentuli 

modeli farTod gamoiyeneba rogorc daavadebis paTogenezis Sesaswavlad, 

aseve hepatitebis mkurnalobis axali gzebis SesamuSaveblad. 
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Apart from caspase-3, activity of caspase-8 was assessed too. Changes in its levels were similar 
to those of caspase-8. Namely, caspase-8 levels soared (p<0.01) 8 hr after the Con-A injection but 
decreased at 24 hr and 48hr without reaching the normal value. (Diag. 3). 

Next we elucidated that Plaferon LB was raising caspase-8 levels at all levels: at I and II time 
points these increases were not statistically significant; at III time point, however, the change was 
prominent compared to the control group (p<0.01). The results of our analysis showed that the treatment 
with immunosuppressor dexamethasone did not have influence on caspase-8 levels. At I time point, 
dexamethasone tends to suppress caspases without statistically significant effect (Diag. 3). In contrast, 
Plaferon LB was clearly pro-apoptotic in the regenerative phase of mild hepatitis as it boosted caspase-3 
and -8 activities significantly. 

As a an additional instrument, TUNEL method was employed to study apoptotic processes in 
liver. The results of the study revealed that administration of Plaferon in experimental mild hepatitis 
model increases the number of apoptotic hepatocytes at 48 hr but not in previous time points. One more 
noteworthy fact was that dexamethasone did not have similar effects (Table 1). 

 
Table 1  Quantitative figures for apoptotic nuclei in mice hepatocytes, Con-A-induced 

experimental mild liver injury 
 
Time Point 

/ Group Healthy Concanavalin-A Concanavalin-
A+PLB Concanavalin-A+Dex 

8 hr 54.23 ± 9.09 154.39±15.22 180.39±17.2 164.39±15.02 

24 hr “ – “ 76.41±12.12 82.34±11.15 86.14±9.11 

48 hr “ – “ 75.41±10.11 280.23±15.21 84.12±9.10 

 
The excessive apoptosis is identified in acute and chronic viral hepatitis, alcoholic and non-

alcoholic hepatitis, cholestatic liver disease, Wilson’s disease, and graft versus host disease (GVHD). 
Sustained apoptosis is linked to the development of hepatic fibrosis. In contrast, insufficient apoptosis 
has been associated with development and progression of tumors in liver and biliary tree. Furthermore, 
the antiviral effect of interferon may be mediated through the induction of apoptosis (Castelli et al., 
1998). 

Our studies allow us to suggest that Plaferon LB could be used in case of a variety of liver 
injuries such as acute viral hepatitis and tumors stemming from opposing mechanisms. It seems 
Plaferon LB modulates apoptotic processes differently depending on the type of disease and its 
severity. In case of severe liver injury, it acts in an anti-apoptotic manner (S. Chochua et al., 2006), 
whereas in mild immune-mediated liver injuries it becomes pro-apoptotic. 

Thus it can be concluded that Plaferon LB is a modulator of apoptosis. 
It is known that apoptosis promoting enzymes – caspases are most susceptible to oxidative stress. 

It is generally recognized that in many cells presence of small reactive oxygen species (ROS) 
concentrations initiate apoptosis, while their super-excessive levels cause necrotic alterations. Critical 
cysteins are characterized by different redox potential. While small amounts of oxidants lead to 
oxidation of thiols in certain proteins, they leave other proteins unaffected. Small concentrations of 
oxidants promote apoptosis by altering a redox status via activation of pro-apoptotic factors such as 
JNK. Besides, they inhibit NF-kB without altering the redox status of pro-apoptotic caspases. Higher 
concentrations of oxidants tend more towards incitement of necrotic processes (Halliwell et al., 1990; 
Dypbunkt et al., 1994). They inhibit caspases, which are required for apoptosis, and put cells to the 
necrotic death. Strong changes in the redox state caused by high levels of H2O2 and glutathione (GSH), 
whereas moderate redox changes fluctuations do not affect apoptotic process. However, changes of 
antioxidant and GSH levels regulate TNF- and Fas-mediated apoptotic processes. Even more, 

Fig.2 
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preserved. In case of coupled injection of Con-A and Plaferon LB at this time point, the overall 
majority of hepatocytes were subject to vacuolar dystrophy. However, trabecular structure of the lobes 
remained completely unchanged. Also, lymphoid infiltration sites were rare and insignificant. 

24hr following the injection of Con-A, intensive changes in the liver of the control group animals 
persisted. Most hepatocytes underwent vacuolar dystrophy and necrotic transformation. With 
dexamethasone, the number of double-nucleus hepatocytes increased prominently. What is more, 
destructive alterations were intensifying. However, the case was not characterized by lymphoid 
infiltration. Influenced by Plaferon LB, most hepatocytes were still undergoing dystrophial changes 
but necrotic sites did not develop. 

48hr following the experiment, in the control group of animals some sites seemed to have 
retained the normal liver trabecular structure suggesting that active regenerative processes were 
underway. At the same time point, some normal hepatocytes had also emerged. With dexamethasone, 
the picture hardly was different. Under the influence of Plaferon LB though, the normal constitution of 
the lobes is basically re-gained. Necrotic sites and lymphoid infiltrates did not emerge at all. 

Thus, in Con-A induced hepatitis Plaferon LB and dexamethasone protect the liver tissue against 
profound destructive changes. Besides, in contrast to the effect of dexamethasone, Plaferon LB speeds 
up recovery of the normal liver tissue structure. 

As noted above, both drugs – Plaferon LB and dexamethasone – protect liver tissue against 
immune injury. It is known that corticosteroids realize their effect via inhibiting the expression of 
genes for IL-1, IL-2, IL-6, IFN-γ, and TNF-α. Assumably, the effects of Plaferon LB too derive from 
the shift in the cytokine balance (Chikovani, 1997; Khetsuriani et al., 1997). It should be noted that 
Plaferon LB exhibits not only immunomodulatory but anti-oxidant and anti-apoptotic effects too. The 
previous studies reported strong anti-apoptotic quality of Plaferon LB in acute severe hepatitis models 
and clinical trials. Namely, Plaferon LB inhibits hepatocyte apoptosis in the experimental model of 
LPS induced severe hepatitis. Metreveli showed that in patients with mild and moderately severe 
hepatitis Plaferon LB led to full recovery in 96.9%. Furthermore, it significantly reduced probability of 
the chronic state development augmenting protective immunity formation (Metreveli et al., 1999). 
Based on this and other studies, we have proposed the hypothesis that in mild hepatitis the protective 
effects of Plaferon LB were related to its pro-apoptotic quality. 

Caspase activation is a characteristic feature of the apoptotic process. Based on the nature of the 
caspase cascade, regulation of the apical caspases may be critical for the apoptotic cascade. Self-
activation of caspase 8 leads to the direct activation of caspase 3 and cleavage of Bid (Li et al., 1999). 

Acccording to the literature, the functional state of the transcriptional machinery decides 
whether apoptosis involves activation of caspase-3-like proteases or alternative signaling pathways in 
vivo might be of relevance for the immunopathology of the liver. Data on the activity of caspase-3 in 
Con-A-induced hepatitis is controversial. One study reported a significant increase of caspase-3 levels 
(Ding et al, 2004), while another was not able to detect them (Kunstle et al, 1999). 

Hence, at the next stage of the research, we studied activities of caspase-3 and -8 in vivo 
following Con-A injection and effects of immunomodulators, namely, Plaferon LB and dexamethasone 
on them. According the results of this stage, at the first time point from the Con-A injection in the 
control group a drastic increase in caspase-3 levels reaching the maximum for the whole experiment 
was observed. Then the level drops gradually but without re-gaining the normal value even at 48 hr 
(Diag. 2). 

In case of Plaferon LB, caspase-3 levels did not appear influenced at I and II time points and did 
not differ from the similar parameter for the control group statistically significantly. However, at 48hr 
the increase of caspase-3 activity was clearly detectable (p<0.01). In contrast, dexamethasone 
suppresses caspase-3 activity at I time point (p<0.01) but evens it up to the control group at subsequent 
two time points. 
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yovelive zemoTTqmulidan gamomdinare, mizanSewonilad CavTvaleT, 

Segveswavla apoptozis roli Con-A inducirebuli msubuqi hepatitis 

eqsperimentul modelSi da masze imunomamodulirebeli preparatebis gavlena. 

 

kvlevis mizani da amocanebi: kvlevis mizans eqsperimentuli msubuqi 

hepatitis dros RviZlSi ganviTarebuli apoptozuri cvlilebebisa da masze 

imunomodulatorebis gavlenis Seswavla warmoadgenda. 

aRniSnuli miznis misaRwevad Semdegi konkretuli amocanebis gadawyveta 

daisaxa: 

1. Con-A inducirebuli msubuqi hepatitis eqsperimentuli modelis 

SemuSaveba  (konkanavalin A-s dozis SerCeva  transaminazebis donis 

cvlilebiT); 

2.  imunomodulatorebis (plaferoni lb, deqsametazoni) gavlenis Seswavla  

Con-A inducirebuli msubuqi hepatitis dros plazmaSi transaminazebis 

aqtivobaze; 

3. Con-A inducirebuli msubuqi hepatitis dros kaspazebis (3, 8) aqtiurobisa  

da  maTze imunomodulatorebis gavlenis Seswavla; 

4. imunomodulatorebis gavlenis Sefaseba Con-A inducirebuli msubuqi 

hepatitis dros RviZlSi ganviTarebul histologiur cvlilebebze; 

5. imunomodulatorebis gavlenis Seswavla Con-A inducirebuli msubuqi 

hepatitis dros sisxlSi ganviTarebuli oqsidaciuri procesebis 

maCveneblebze (oqsidanturi da antioqsidanturi sistemis Sefaseba). 

 

kvlevis mecnieruli siaxle: winamdebare naSromSi pirvelad  dadginda, 

rom msubuqi formis hepatitis dros RviZlSi Zlierdeba kaspaza 3 da 8-T 

warmoebuli apoptozi.   

dadginda, rom imunomodulatorebis gamoyeneba Con-A inducirebuli 

msubuqi hepatitis dros RviZls icavs paTologiuri cvlilebebis 

ganviTarebisagan. amasTanave, plaferoni lb RviZlis qsovilSi  ganviTarebuli 

cvlilebebis swraf aRdgenas uzrunvelyofs. 

pirvelad iqna naCvenebi, rom msubuqi hepatitis dros Pplaferoni lb 

zrdis kaspazebis 3, 8 aqtiurobas da amiT xels uwyobs  dazianebuli 

ujredebis mocilebas apoptozis gziT. dazianebuli ujredebis moSoreba ki, 

Tavis mxriv, aRkveTs daavadebis qronizaciis SesaZleblobas. 

 

naSromis praqtikuli Rirebuleba: winamdebare naSromis Sedegebma 

gamoavlina plaferoni lb-s proapoptozuri Tviseba da cxadyo misi 

moqmedebis zogierTi molekuluri meqanizmi, rac safuZvlad daedeba mis 

gamoyenebas aramarto mwvave virusuli hepatitebis, aramed, RviZlis qronikuli 

infeqciis dros. 

 

dacvaze gamotanili ZiriTadi debulebebi: 

• msubuqi hepatitis eqsperimentul modelSi plaferoni lb-s gamoyeneba 

aCqarebs RviZlSi regeneraciuli procesebis ganviTarebas. 

• plaferoni lb-s gamoyeneba Con A-inducirebuli msubuqi hepatitis 

eqsperimentul modelSi zrdis hepatocitebSi kaspazebis (3 da 8) aqtiurobas 

RviZlis normaluri morfo-funqciuri mdgomareobis aRdgenis periodSi. 
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• plaferoni lb eqsperimentis sxvadasxva vadaze sisxlSi azotis oqsidis 

Semcvelobaze gansxvavebulad moqmedebs.  
• eqsperimentuli msubuqi hepatitis dros imunomodulatorebis gamoyeneba 

sisxlSi glutaTionreduqtazas dones aregulirebs. 

 

naSromis aprobacia: 

disertacia aprobirebulia saqarTvelos mecnierebaTa akademiis 

samedicino bioteqnologiis institutSi biomedicinisa da bioteqnologiis 

ganyofilebebis gafarToebul sxdomaze 2006 wlis 3  maiss. disertacia 

rekomendirebulia sajaro dacvisaTvis. 

 

disertaciis ZiriTadi debulebebi moxsenebulia: 

I saerTaSoriso konferencia _ “samedicino reabilitacia da 

raitTerapia” (Tbilisi, 20-24 ivnisi, 2006). III saerTaSoriso kongresi: 

Tanamedrove problemebi alergologiaSi, imunologiasa da samedicino 

bioteqnologiaSi (Tbilisi, 24-26 seqtemberi, 2006).  

  

disertaciis moculoba da struqtura:  

disertacia warmodgenilia nabeWdi teqstis 101 gverdze. Seicavs 

Sesavals, literaturis mimoxilvas, masalisa da meTodebis aRweras, sakuTar 

gamokvlevebs, kvlevis Sedegebis analizs, daskvnebs, praqtikul 

rekomendaciebs da gamoyenebuli literaturis sias. naSromi gaformebulia 2 

sqemiT, 1 cxriliT, 6 diagramiT da 13 suraTiT. literaturis sia 

warmodgenilia 185 dasaxelebiT (maT Soris 10 qarTulenovani da 175 

inglisurenovani wyaroTi). 

 
kvlevis masala da meTodebi 

 

eqsperimenti Catarda 20-25 gr masis mqone 50 zrdasrul Tagvze. 

saeqsperimento cxovelebi erTnair pirobebSi imyofebodnen. 

 RviZlis imunuri dazianebis eqsperimentuli modeli 

hepatitis eqsperimentuli modelis Sesaqmnelad 50 TagvSi 

intraperitonealurad Seyvanili iqna bunebrivi mitogeni konkanavalin–A (Con-
A) 2mg/kg wonaze gadaangariSebiT. eqsperimentuli cxovelebi davyaviT 3 

jgufad. Con-A-s Seyvanidan 1 sT-is Semdeg cxovelebs erTxel kunTSi 

ukeTdeboda: 1. 0.2 ml fiziologiuri xsnari (sakontrolo I jgufi), 2. 

plaferoni lb (0.25mg/kg-ze) (II jgufi); 3. deqsametazoni _ 4 mg/kg-ze (III jgufi). 

eqsperimentis dawyebidan 8, 24 da 48 saaTis Semdeg eTeriT gabruebul Tagvebs 

vklavdiT cervikaluri dislokaciis meTodiT. gamosakvlevad viRebdiT 

RviZls da sisxls. RviZls morfologiuri kvlevisa da hepatocitebis 

funqciuri mdgomareobis Sesaswavlad, sisxls ki - bioqimiuri 

gamokvlevisTvis. 

morfologiuri meTodi 

sinaTlis mikroskopuli kvlevisaTvis eqsperimentul masalas (RviZli) 

fiqsaciisaTvis vaTavsebdiT formalinis 10%-ian xsnarSi, vauwyloebdiT 

aRmavali koncentraciis spirtebSi da vayalibebdiT parafinSi. rotaciul 

mikrotomze damzadebul 2-5 mkm sisqis anaTlebs vRebavdiT hematoqsilin-

eoziniT. 

 29

primary role. In acute liver injury, excessive apoptosis of hepatocytes causes development of fulminant 
liver failure and coma (Gremion et al., 2004; Kountouras et al., 2003), whereas its deficiency induces 
malignant transformation, viral latency and autoimmune disorders (Solary et al., 1996). By eliminating 
infected hepatocytes via apoptosis, the organism seeks to block and safeguard against the viral 
infection. However, the viral genome codes for proteins which are capable of inhibiting the apoptotic 
process, and enables the virus to escape the immune response. For instance, the HCV core protein 
regulates apoptotic process by either enhancing or inhibiting it. 

Pharmacological substances that either inhibit or stimulate apoptosis, regulate production and 
activation of type I cytokines and/or stimulate activities of type II cytokines serve as potential tools for 
prophylaxis and treatment of liver injury (Okamoto et al., 1998; Hershkoviz et al., 1999; Okamoto, 
Kanda, 1999; Okamoto et al., 2000). 

Plaferon LB is a mixture of peptides derived from the human placenta. Its effects on 
proliferative activity of HBs antigen stimulated lymphocytes in HBV patients depend on the stage of 
the disease progression. In the acute or chronic phases the drug respectively inhibits or enhances the 
process. Plaferon LB influences on the synthesis of cytokines, such as IL-1, IFN-γ, TNF-α and IL-4 (T. 
Chikovani et al., 1999). The above said made us believe that Plaferon LB could be effective in mild 
liver injury. 

Concanavalin A (Con A) induced liver injury is a widely used experimental model of 
autoimmune hepatitis (Tiegs et al., 1992; Louis et al., 1997; Kato et al., 2001). Con-A causes 
infiltration of CD4+ T lymphocytes in liver and increases expression of CD95L, which in turn 
promotes development of cytotoxicity. Besides, TH1/TH2 cytokines play a crucial role in Con-A-
induced hepatitis (Ksontini et al., 1998; Tiegs, 1997; Trautwein et al., 1998; Kimura et al., 1999). 

In order to study the role of apoptosis in mild liver injury we used an experimental model of 
Con-A-induced mild hepatitis. The same model was applied to the study of effects on apoptosis by 
immunomodulatory drugs Plaferon LB and dexamethasone.  

One hour following the Con-A injection, the mice were injected intramuscularilly Plaferon LB, 
0.9% physiological solution or the control drug (dexamethasone). Observations of the effects were 
made at three time points: 8, 24 and 48 hours after the induction of the hepatitis. The materials (liver, 
blood) taken at these points were analyzed with biochemical, immunohistochemical and 
immunological methods. 

Results of the analysis showed that at the first time point (8hr) the level of ALT in the blood of 
the control mice appeared increased (Diag. 1). Regarding the mice treated with dexamethasone and 
Plaferon LB, ALT levels of both were similar and did not differ statistically significantly from the ALT 
level in the control group. 

At the second time point (24hr), while difference between blood ALT levels of the control and the 
treated mice was not statistically significant, they all grew compared to the first time point. At the third 
time point (48hr), the trend of the ALT growth was sustained in the control group, whereas in 
dexamethasone-treated mice the trend had reversed and Plaferon LB-treated mice the parameter 
decreased in a statistically significant manner (p<0.01). 

Considering the above, the healing effects of Plaferon LB appeared to be stronger than those of 
dexamethasone. These data speak in favor of the assumption that at the end of the observation period 
Plaferon LB seems to have accelerated recovery of normal liver structure. 

The biochemical results were confirmed by the morphological analysis. 8hr following the Con-A 
injection, the liver of the mice displayed changes characteristic of inflammation. A bigger part of the 
hepatocytes was undergoing vacuolar dystrophy. Furthermore, a few sites of focal necrosis were also 
visible. Cytoplasm of necrotic hepatocytes painted sharply eosinophilic. Liver parenchyma contained 
sites of lymphoid cell infiltration. The infiltration was most intensive at the portal spaces. 

Under the influence of dexamethasone, 8hr following its injection most hepatocytes underwent 
vacuolar dystrophy but core trabecular structure of the lobes. Lymphoid infiltration of the portal spaces 
was insignificant. Sludge phenomenon showed up weakly. The shape of erythrocytes was mostly 
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marked deoxynucleotides at 37 degrees for 1 hour. The reaction was blocked by washing buffer. The 
finished samples were examined under the light microscope. 

 
Measurement of NO and activity of glutathione reductase in serum 

NO in the serum was measured by a microplate assay using Griess reagent, which produces a 
chromophore with the nitrite. Briefly, 100 µl of supernatants were removed and incubated with 100 µl 
of Griess reagent in a 96-well plate. The plate was incubated for 10 min at room temperature. Nitrite 
production was quantified spectrophotometrically using an automated colorimetric procedure. 
Absorbance at 540 nm was measured using a microplate reader (Multiscan, Lab Systems, Finland). All 
samples were assayed in triplicate. 
Analysis of serum GR activity was performed by using glutathione reductase assay kit (Sigma-Aldrich, 
USA). The activity can be measured by the increase in absorbance caused by the reduction of DTNB 
[5,5’-dithiobis(2-nitrobenzoic acid)] at 412 nm (Colorimetric assay). 

Mitochondrial function assessment by MTT 
Mice were killed by cervical dislocation. Livers were removed in sterile conditions and hepatocytes 
were isolated. Then the cells were suspended in RPMI-1640 medium at a concentration of 1×106 
cell/ml. The cell suspension was (10×103) seeded to a 96-well culture plate simultaneously. The 
cultures were incubated at 37 ºC in an atmosphere of 5% CO2 for 2h. Two hours before completion, 10 
µl of MTT (5 g/L) was added to each well. The absorbance was measured on microplate reader 
(Multiscan, lab systems, Finland). 

Assessment of caspase-3 and caspase-8 levels in hepatocytes 
Both caspase-3 and caspase-8 activities were determined with caspase assay kits (Biovision, USA) 
according to manufacturer’s instructions. Liver samples were homogenized in caspase lysis buffer. 
Briefly, homogenates were incubated with either caspase-3 (Ac-DEVD) or caspase-8 (Ac-IETD) 
substrate that is linked to p-nitroanilline (pNA) at 37°C. Cleavage of the substrate by caspase will 
release p-NA that is then determined by a spectrophotometer (Multiscan, Labsystems, Finland) at 405 
nm, and the optical density of the released p-NA is proportional to caspase activity present in 
homogenates. The optical density reading during 90-minute incubation at 37°C was taken every 5 
minutes with respective calculation of caspase activity. The data was expressed as M±SD, and P<0.05 
was considered to be significant. 

Analysis of serum ALT activity 
Blood samples were obtained by puncture of heart with heparin. Liver specimen was fixed 
immediately in formalin for histological examination with HE stain. The degree of liver injury was 
assessed by determination of serum alanine aminotransferase (ALT) activity (Sigma). The optical 
density was measured at 530nm. The data expressed as M±SD, and P<0.05 was considered to be 
significant.  

Statistical Analysis 
The data were analysed by using Statistica 6.0 (Statsoft, Mineapolis, USA).  
 

 
RESULTS AND DISCUSSION 

Viral hepatitis is the gravest problem in hepatology. In terms of prevalence rates, severity of 
complications, lethality rates and chronization, Hepatitis B (HBV) and C (HCV) stand out of the range. 
Yearly Hepatitis B kills 2 mln people worldwide. According to the WHO estimates, in the next 10-20 
years, the death toll of liver cirrhosis and hepatocellular carcinoma resulting from chronic Hepatitis C 
will rise by 60-68%.  

It is known that both – Hepatitis B and C - viruses are hepatotropic but not directly cytopathic 
(Lok et al., 2001; Liang et al., 2000). According to epidemiological studies, 80-85% of persons with 
HCV cannot be gotten rid of virus fully. This factor subsequently leads to the development of chronic 
hepatitis (Liang et al., 2000; Lauer et al, 2001). In this regard, apoptosis of hepatocytes may play a 
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RviZlSi apoptozis Sefaseba  TUNEL-is meTodiT  

hepatocitebis apoptozi fasdeboda  dnm-is fragmentaciiT terminaluri 

deoqsinukleotidil transferazaze-damokidebuli (tdt) dUTP-biotinis 
(TUNEL) moniSvnis meTodis gamoyenebiT. yvela  safexuri xorcieldeboda  

TandarTuli sqemis mixedviT. parafinSi Cayalibebuli, rotaciul mikrotomze 

daWrili 5-mikroniani anaTlebis deparafinizaciisa  da  rehidrataciis Semdeg 

inkubacia  mimdinareobda  proteinaza  K-Ti (20mg/ml 100mM da  50 mM edta) 

25
oC-ze. Semdeg yvela  anaTali irecxeboda  distilirebuli wyliT, anaTlebi 

inkubirdeboda  buferSi 5wT. Semdeg emateboda  tdt da  biotinmoniSnuli 

deoqsinukleotidebis Tanaobisas tenian yuTSi midinareobda  inkubacia  1 

saaTiT 37C-ze. reaqciis Sewyveta  xdeboda  gamrecxi buferis saSualebiT. 

moniSnuli slaidebis daTvaliereba  xdeboda  sinaTlis mikroskopSi.  

azotis oqsidisa  da  glutaTion reduqtazas aqtiurobis gansazRvra 

sisxlis SratSi azotis oqsidis raodenoba  fasdeboda  arapirdapiri 

meTodiT grisis reaqtivis gamoyenebiT, romelic warmoqmnis qromofors 

nitritTan urTierTqmedebis Sedegad. Sratisa  da  grisis reaqtivis Tanabar 

raodenobas erTad vainkubirebdiT 10wT-is ganmavlobaSi oTaxis 

temperaturaze. nitritis koncentracia  fasdeboda  speqtrofotometrulad 

multiskanze (Multiscan, Lab Systems, fineTi). absorbcia  isazRvreboda  540nm 

talRis sigrZeze. yvela  nimuSi keTdeboda  tripletebSi. 

glutaTionreduqtazas aqtiurobis gansazRvra  xdeboda  glutaTion 

reduqtazas nakrebis saSualebiT (Sigma-Aldrich, USA). aqtiuroba  izomeboda  

absorbciis zrdis cvlilebiT DTNB [5,5’-dithiobis(2-nitrobenzoic acid)] substratis 
damatebisas 412nm talRis sigrZeze. 

 

hepatocitebis gamoyofa  da  maTi mitoqondriuli aqtiurobis Seswavla  

tetrazoliumze dafuZnebuli kolorimetriuli - MTT testiT 

RviZlis homogenizaciisa da garecxvis Semdeg vamzadebdiT 

hepatocitebis kulturas. ujredTa suspenzias (1 mln/ml) vaTavsebdiT 

sinjarebSi. Semdeg hepatocitebis suspenzias 150 mkl raodenobiT vasxamdiT 

96-fosoian brtyelZirian mikroplanSetis fosoebSi (Libro Plastics). eqsperimentis 
yovel variantSi cda da kontroli sruldeboda 3 fosoSi. Semdeg 

mikroplanSetis inkubirebas vaxdendiT TermostatSi 100% tenianobis, haerSi 

naxSirorJangis 5%-iani Semcvelobisa da 370C temperaturis pirobebSi 4 

saaTis ganmavlobaSi.  

TiToeul fosos vumatebdiT 10mkl MTT-is dimeTilTiazolil difenil 

tetrazolium bromidis, Sigma) axlad momzadebul xsnars (5 mg reaqtivi 1ml 

fosfaturi buferis marilxsnarze). 
Semdeg planSets sainkubaciod vdgamdiT 1 sT-iT 370C temperaturaze СO2 

inkubatorSi. formazanis kristalebis warmoqmnis Semdeg, supernatants 

frTxilad aviwovdiT da  TiToeul fosoSi vumatebdiT 100mkl 10%-ian 

natriumdodecilsulfats. Sedegebis wakiTxvas vaxdendiT multiskanis 

saSualebiT 540-570nm talRis sigrZeze.  
hepatocitebSi kaspazebis aqtiurobis gansazRvra 



 10 

kaspaza  3 da  kaspaza  8-s aqtiurobis gansazRvra  xdeboda  

kolorimetruli nakrebis saSualebiT mwarmoeblis instruqciis mixedviT,  

hepatocitebis suspenzias vumatebdiT lizisur bufers. Semdeg emateboda  

kaspaza-3-is (Ac-DEVD) an 8-s (Ac-IETD) substrati, romelic dakavSirebuli iyo  

p-nitroanilline–Tan da  vainkubirebdiT 37°C–ze 90 wuTiT. speqtrofotometrze 

(Multiscan, Labsystems, Finland) vsazRvravdiT optikur simkvrives 405nm talRis 

sigrZeze. gamoyofili nitroanilinis raodenoba  homogenatSi kaspazebis 

aqtiurobis pirdapirproporciulia. optikuri simkvrivis gazomva  xdeboda  

yovel 5 wuTSi da  gamoTvlili iqna  Sesabamisad saSualo  da  standartuli 

gadaxra. 

ALT-s gansazRvris speqtrometriuli meTodi 

sisxlSi alaninaminotransferazas (ALT) aqtiurobas vswavlobdiT 

speqtrofotometriuli meTodiT. amisaTvis Tagvidan viRebdiT sisxls, 

vacentrifugirebdiT (3000 g, 15 wT), ris Semdegac miRebul sisxlis Srats (0.05 

ml) vumatebdiT 0.25 ml  ALT-s standartul substrats. amis Semdeg vaxdendiT 

inkubirebas 370C temperaturaze 60 wT-is ganmavlobaSi, vumatebdiT 0.25 ml 2-4-

dinitrofenilhidrazinis xsnars. miRebul sinjs vurevdiT da vtovebdiT 20 

wT-is ganmavlobaSi 220C temperaturaze. amis Semdeg vumatebdiT 2.5 ml NaOH-
is xsnars, vtovebdiT 10 wT-is ganmavlobaSi da optikur simkvrives vzomavdiT 

530 nm talRis sigrZeze. ALT-s koncentracias vsazRvravdiT standartuli 

grafikis saSualebiT. 

 

masalis statistikuri damuSaveba 

masala damuSavda statistikuri programis Statistica 6.0 (Statsoft, Mineapolis, 
USA) gamoyenebiT. 
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Primary conclusions submitted to the defence 
 In the experimental model of mild hepatitis, administration of Plaferon LB accelerates 

regenerative processes in the affected liver. 
 In the experimental model of Con-A-induced mild hepatitis, administration of Plaferon LB 

enhances levels of caspase-3 and -8 when liver recovers to its normal morpho-functional status. 
 At various stages of the experiment, Plaferon LB has varied effects on plasma NO levels. 
 In experimental mild hepatitis, administration of immunomodulators modulates levels of 

glutathione reductase in blood. 
 

Approbation of the research work 
The dissertation is approbated on the expanded session of Biomedicine and Biotechnologies 

divisions of the Institute of Medical Biotechnologies on 3 May, 2006. The dissertation is 
recommended for its public defence. 

 
Key conclusions of the dissertation were reported to: 

The 1st international conference on “Medical Rehabilitation and Ridetherapy”, Tbilisi, 20-24 
June, 2006. The III international conference on “Modern problems in allergology, immunology and 
Medical Biotechnology”, Tbilisi, 24-26 September, 2006. 
 

Publications: 6 papers have been published  
 

Size and structure of dissertation:  
The dissertation has 101 printed pages. It is divided in Introduction, Literature Review, Materials 

and methods, Own Research, Research Result Analysis, Conclusions, Practical Recommendations and 
References. It contains 1 table, 6 diagrams and 13 figures. The references section lists 185. 

 
MATERIALS AND METHODS 

The experiment involved 50 adult mice each weighing 20-25g. All of the mice were grown in similar 
conditions. 

Experimental model of liver immune injury 
Acute liver injury was induced by injecting Con A (Serva, USA) 2.5 mg/kg via the tail vein. 15 min 
after the injection the mice were divided into three groups: I group (15 mice) - 0.2 ml of saline 
solution; II group (15 mice) - 0.25 mg/kg of Plaferon LB; and III group (15 mice) - 4 mg/kg of 
dexamethasone. All these injections were intramuscular. After 8, 24, 48 hours following the 
administration of Con A, the mice were bled, euthanized with chloral hydrate anaesthesia, their 
abdomens opened by a midline incision, and sections from the liver were excised for histopathologic 
examination. 

Morphological methods 
To investigate under the light microscope, the experimental material (liver) was first fixed in 10% 
formaldehyde solution, then dehydrated in upscale concentrations of alcohol and finally embedded in 
parafin. 2-5 micrometre slices made on the rotation microtome were stained in H&E. 

Analysis of Apoptosis in Liver by TUNEL technique 
Hepatocyte apoptosis was analyzed by terminal deoxynucleotidyl transferase-mediated dUTP-biotin 
nick end-labeling (TUNEL) technique. All the steps were undertaken according to the instuctions 
accompanying the kit. 5-micrometre slices fixed in parafin and cut via the rotation microtome were 
deparafinated and rehydrated. Then the material was incubated with protease K (100 mM of 20mg/ml 
and 50ml of  EDTA) at 25 degrees by Celsius. All the slices were washed in distilled water and 
incubated again for 5 min. Next, TDT was added before the incubation in humid box with biotin-
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selectively kill malignant cells in tumors, have the potential to provide a powerful tool for the 
treatment of liver disease.  

Due to peculiarities associated with pathogenesis of acute viral hepatitis, several authors give 
preferences to drugs of immunotropic and antioxidant nature for the treatment of the disease (Schwarz, 
1996; Zein et al., 1998; Metreveli, 1999; Pavliashvili, 1999). Considering this, we were interested to 
study immunomodulatory drugs such as Plaferon LB. 

Plaferon LB was developed by Prof. Vladimer Bakhutashvili at the Institute of Medical 
Biotechnology. Together with the immunomodulatory effects, this drug exhibits anti-inflammatory, 
anti-ischemic and antioxidant qualities (Chikovani, 1997; Chavchanidze, 1999; Rukhadze, 1999; 
Gongadze, 2004). In various pathologies, it turned out to protect liver against metabolic and 
morphological changes (Pashalashvili, 1995; Pavliashvili, 1999; Rukhadze et al., 1998; Chikovani et 
al., 1999). Even more, Plaferon LB anti-apoptotic effects of has also been indicated elsewhere. The 
exact mechanisms of the drug hepatoprotective effects however remain to be studied. 

Presently, various experimental models are employed in studies of liver immune injury 
mechanisms. Con-A-induced liver injury is identical to clinical liver injury (Tiegs et al., 1992), and it 
is widely used in studies of the disease pathogenesis and the search of new ways for treating hepatitis. 

Considering all the above said, we saw it reasonable to study the role of apoptosis in the 
experimental model of Con-A-induced mild hepatitis, and the mechanism of influence that 
immunomodulatory drugs have on it. 

 
Aim of the study 

The aim of our research consisted in the study of the apoptotic changes and immunomodulatory 
effects on them in experimental mild hepatitis. 

To achieve the goal, we set the following specific tasks: 
1. Development of the Con-A induced experimental mild hepatitis model (identification of the 

optimal Concanavalin A dose range judging by changes in transaminase levels); 
2. Investigation of effects of immunomodulators (Plaferon LB, dexamethasone) on plasma 

transaminase levels in Con-A induced experimental mild hepatitis; 
3. Study of caspase-3 and caspase-8 activities and effects of the immunomodulators on them in 

Con-A induced experimental mild hepatitis; 
4. Analysis of contribution of the immunomodulators to liver histological changes induced in Con-

A induced experimental mild hepatitis; 
5. Study of effects of the immunomodulators on oxidative processes in Con-A-induced 

experimental mild hepatitis (assessment of certain parameters of the oxidant/anti-oxidant system). 
 

Novelty of the research 
The present study showed first time that the mild form of hepatitis entails enhanced caspase-3 

and -8-mediated apoptosis. 
It has been found that the use of immunomodulators in Con-A-induced mild hepatitis prevents 

pathological aberrances in liver. At the same time Plaferon LB facilitates fast mitigation of alterations 
occurring in these tissues prior to treatment. 

It has been shown first time that in mild hepatitis Plaferon LB increases levels of caspases -3 
and -8 meaning that the drug augments removal of impaired cells through apoptosis. In this way, the 
cell disposal prevents the disease from turning chronic. 

 
Practical significance of the research 
The results of the present study indicated pro-apoptotic activities of Plaferon LB and clarified 

certain molecular mechanisms of its activities. The findings are expected to serve as a basis for its 
application in the treatment of acute viral hepatitis, as well as chronic liver infections. 
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miRebuli Sedegebi da maTi Gganxilva 
 

virusuli hepatitebi hepatologiis umniSvnelovanes problemas 

warmoadgens. farTo gavrcelebis, mZimed garTulebebis, maRali letalobisa da 

qronizaciis gamo B da C  hepatitebs gansakuTrebuli mniSvneloba eniWebaT. 

yovelwliurad B hepatitisgan 2 mln adamiani iRupeba. jandacvis msoflio 

organizaciis monacemebiT, 10-20 weliwadSi qronikuli C hepatitiT gamowveuli 

RviZlis ciroziTa da hepatocelularuli kiboTi daavadebulTa ricxvi 

daaxloebiT^60-68%-iT moimatebs.  

cnobilia, rom orive – hepatiti B da C - virusi hepatotropulia, 

Tumca isini pirdapiri citopaTiurobiT ar gamoirCeva (Lok et al., 2001; Liang et al., 
2000). epidemiologiuri kvlevebis mixedviT, HHCV  virusiT inficirebulebis 

80-85%-Si ver xerxdeba virusis sruli eliminacia, rac SemdgomSi qronikuli 

hepatitis ganviTarebas uwyobs xels (Liang et al., 2000; Lauer et al., 2001). 
hepatocitebis lizisi organizmis imunuri pasuxis siZlierezea damokidebuli. 

am mxriv wamyvani roli hepatocitebis apoptozs eniWeba. RviZlis mwvave 

dazianebisas hepatocitebis apoptozis siWarbe RviZlis funqciuri 

ukmarisobisa da komis safuZveli xdeba (Gremion et al., 2004; Kountouras et al., 2003), 
misi deficiti ki avTvisebiani transformaciis, virusuli latenturi 

mimdinareobisa da autoimunuri daavadebebis ganviTarebas ganapirobebs (Solary 
et al., 1996). inficirebuli hepatocitebis apoptozis saSualebiT organizmi 

virusuli infeqciis blokirebasa da misgan Tavdacvas axerxebs. virusuli 

genomi akodirebs cilebs, romlebic apoptozuri procesis daTrgunvas iwvevs 

da amiT Tavs aRwevs imunuri pasuxisgan. ase  magaliTad, HCV virusis core 
proteini  apoptozuri procesis regulacias axdens misi gaZlierebis an 

inhibirebis gziT. 

iseTi farmakologiuri nivTierebebis gamovlena, romlebic apoptozis 

daTrgunvas an stimulacias, agreTve I tipis citokinebis 

produqcia/aqtiurobas aregulireben da/an II tipis citokinebis moqmedebas 

astimulireben, RviZlis imunuri dazianebis  profilaqtikisa  da  

mkurnalobisaTvis potenciur kandidatebs warmoadgenen (Okamoto et al.,1998; 
Hershkoviz et al.,1999; Okamoto, Kanda, 1999; Okamoto et al., 2000). 

plaferoni lb adamianis placentidan miRebuli peptidebis narevia. misi 

efeqti HBV infeqciis mqone pacientebis HBs antigeniT stimulirebeli 

limfocitebis proliferaciul aqtiurobaze daavadebis fazazea  

damokidebuli. daavadebis mwvave fazaSi igi aRniSnul maCvenebels Trgunavs, 

xolo qronikul fazaSi ki zrdis. plaferoni lb gavlenas axdens 

citokinebis: interleikin-1-is, interferon gamas, simsivnis nekrozis faqtori-

alfasa  da  interleikin-4-is sinTezze (Chikovani et al., 1999). yovelive 

zemoTTqmulma  gvafiqrebina, rom plaferoni lb RviZlis msubuqi imunuri 

dazianebis SemTxvevaSi efeqturi unda  yofiliyo.  
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konkanavalin A-Ti (Con A) gamowveuli RviZlis dazianeba  autoimunuri 

hepatitis farTod gavrcelebul eqsperimentul models warmoadgens (Tiegs et 
al., 1992; Louis et al., 1997; Kato et al., 2001). konkanavalin A-s zemoqmedebiT RviZlSi 

CD4+ T limfocitebi grovdeba  da  CD95L-is eqspresia  izrdeba, romelic, Tavis 

mxriv, citotoqsiurobis ganviTarebas ganapirobebs. garda  amisa, Con A-
inducirebuli hepatitis ganviTarebaSi gadamwyvet rols asruleben TH1/TH2 
tipis citokinebi (Ksontini et al., 1998; Tiegs et al, 1997; Trautwein et al., 1998; Kimura et al., 
1999). 

RviZlis msubuqi dazianebis dros apoptozis rolis Sesaswavlad Con A-
inducirebuli msubuqi hepatitis eqsperimentuli modeli gamoviyeneT. amave 

modelze SeviswavleT apoptozis mimdinareobaze preparatebis – plaferoni 

lb-s da  deqsametazonis – gavlena. 

Con A-s Seyvanidan 1 sT-is Semdeg Tagvebis kunTSi Segvyavda  plaferoni 

lb, fiziologiuri xsnari an deqsametazoni. dakvirvebas vaxdendiT 

eqsperimentis 3 vadaze: hepatitis inducirebidan 8, 24  da  48 saaTis Semdeg. 

aRniSnul vadebze aRebul masalas (RviZli, sisxli) bioqimiuri, 

imunohistoqimiuri da  imunologiuri meTodebiT vikvlevdiT. 

rogorc gamokvlevis Sedegebis analizma  cxadyo, dakvirvebis I  vadaze (8 

sT) ALT-s done sakontrolo Tagvebis sisxlSi matulobs. rac Seexeba  

deqsametazoniT da  plaferoniT namkurnaleb Tagvebs, maT sisxlSi ALT-s done 
orive SemTxvevaSi erTnairia  da  igi sakontrolo jgufis cxovelebis 

analogiur monacemTan SedarebiT statistikurad sarwmunod ar gansxvavdeba. 

dakvirvebis II  vadaze (24  sT) sakontrolo da  namkurnalebi Tagvebis 

sisxlSi ALT-s done matulobs I  vadis Sesabamis monacemebTan SedarebiT da  

amasTan erTmaneTisgan statistikurad sarwmunod ar gansxvavdeba. dakvirvebis 

III  vadaze (48 sT) sakontrolo  Tagvebis sisxlSi ALT-s donis matebis 

tendencia  SenarCunebulia, deqsametazoniT namkurnaleb TagvebSi aRiniSneba  

klebis tendencia, xolo plaferoni lb-s zemoqmedebiT aRniSnuli maCvenebeli 

statistikurad sarwmunod klebulobs (p<0,01). 
aRniSnulidan gamomdinare, plaferoni lb-s samkurnalo efeqti 

deqsametazonTan SedarebiT ufro  Zlieradaa  gamoxatuli. aRniSnuli 

monacemebi imis sasargeblod metyvelebs, rom dakvirvebis bolo vadisaTvis 

plaferoni lb RviZlis struqturis aRdgeniT procesebs unda  aCqarebdes. 

Fbioqimiuri kvlevis Sedegebi RviZlis morfologiurma  gamokvlevamac 

daadastura. Con-A-s ineqciidan 8 sT-is Semdeg Tagvebis RviZlSi mwvave 

anTebisaTvis damaxasiaTebeli morfologiuri cvlilebebi aRiniSneba. 

hepatocitebis didi nawili vakuolur distrofias ganicdis. amasTan erTad, 

fokaluri nekrozis kerebic gvxvdeba. nekrozuli hepatocitebis citoplazma  

mkveTrad eozinofiluria. RviZlis parenqimaSi limfoiduri rigis ujredebis 

infiltratebi gvxvdeba. infiltracia  gansakuTrebiT intensiuria  portul 

sivrceebSi. 
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GENERAL CHARACTERISTICS OF THE STUDY 
 
Importance of the subject 
At the beginning of XXI century, despite remarkable advancements in medicine human viral hepatitis 

remains as a severe global problem. According to the World Health Organization (WHO), the number of people 
suffering from viral hepatitis is on the continuous rise and tops 1 billion. Furthermore, almost one third of the 
world population has been or is infected with various types of hepatitis. Every year up to 2 mln people die from 
this disease or complications associated with it. 

In Georgia, in 2004 one thousand new cases of viral hepatitis B and C have been registered. 
64% and 35% of the Hepatitis B cases fall on respectively acute and chronic forms. In case of 
Hepatitis C though, over a half of cases (app. 55%) present a chronic form. Even more, 5-7% of the 
population carries various hepatitis viruses. 

Infection with hepatitis B and C poses two major threats for the human organism: first, in case 
of fulminant state (liver coma, fulminant liver), the disease has a high lethal outcome (90%); second, 
the process turns chronic and eventually ends in liver cirrhosis or hepatocellular carcinoma. In 80% of 
cases of infection with both Hepatitis B and D hepatitis becomes fulminant.  

According to international leading hepatology centres, the risk of HBV infection becoming 
fulminant is seen in 80% of infection cases (Grob et al., 1998). As the data by the WHO indicate, 
potential of the disease chronization is fairly high. Around 2 mln people are estimated to have suffered 
from and another 350 mln is infected with B Hepatitis. Among those with chronic form, 25% turns 
into hepatocellular carcinoma (Alter et al., 1995). Today more than 1mln persons in the world die from 
hepatocellular carcinoma. One of the reasons for the chronic HBV infection persistence is the fact that 
100% of hepatocytes become infected, and infected cells are not cleared off the liver. 

Recovery from acute viral hepatitis is a very long tedious process. This is especially true for 
Hepatitis C with its most complicated course of development. Currently more than 300 mln worldwide 
suffer from Hepatitis C (Alter, 1995). Chronic HCV infection develops in up to 80% of cases and, of 
these, it progresses to cirrhosis in 50% of cases. What is more, some times chronic hepatitis escapes 
diagnosis and the disease shows up only in the cirrhosis stage. Hepatitis C patients quite often “enjoy” 
a false recovery evidenced by negative results of blood biochemical analyses (Scheuer et al., 1990). 
This phenomenon may last from few months to a number of years. This is why it is often compared to 
AIDS in terms of severity. Thus, effective treatment of viral hepatitis is of crucial importance. 

Mechanisms of liver injury in autoimmune hepatitis and those caused by non-cytopathic viruses 
(HBV, HCV) are not fully studies. However, the role of T-cell mediated immune responses has been 
revealed recently (Ando et al., 1997). Massive elimination of infected hepatocytes by protective 
mechanisms of the body is what makes the illness so severe. Hence, an adequate immune response 
precludes virtually any chance of chronic hepatitis development. In contrast, weakness of an immune 
response allows mild, often asymptomatic acute phase of the disease, the state which in turn may lead 
to further chronization and even hepatocellular carcinoma or cirrhosis.  

Quick and timely removal of the virus-infected cells via apoptosis is the key to maintenance of 
liver functionality. In a healthy organism, dead cells are swiftly replaced with mitotically derived new 
cells. This way cellular homeostasis is constantly maintained in organs. In the pathologies however, 
proliferation versus elimination balance is often altered and causes the onset of the liver disease. In 
acute injury, excessive and/or constant apoptosis can lead to liver function and reperfusion disorders. 
Excessive apoptosis may cause acute and chronic viral hepatitis, alcoholic and non-alcoholic hepatitis, 
cholestatic liver disease, Wilson’s disease, and graft versus host disease (GVHD). In contrast, 
insufficient apoptosis, with failure of removal of cells carrying mutated genes, and unregulated 
proliferation within the context of a persistent inflammatory milieu, can promote the development of 
liver and biliary cancer. Therefore, therapeutic strategies to inhibit apoptosis in liver injury, or 
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diagrama  5  SratSi glutaTion reduqtazas aqtiuroba  eqsp. msubuqi hepatitis dros

Diagram 5  Activity of glutathione reductase in serum at experimental mild hepatitis 
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diagrama  6    hepatocitebis spontanuri stimulaciis indeqsi MTT testis saSualebiT

Diagram 6            Mitochondrial activity in experimental mild hepatitis by MTT assay   
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deqsametazonis zemoqmedebis Sedegad eqsperimentis dawyebidan me-8 

saaTze hepatocitebis didi nawili vakuolur distrofias ganicdis, Tumca  

wilakebis ZiriTadi trabekuluri struqtura  SenarCunebulia. portuli 

sivrceebis limfoiduri infiltracia  umniSvneloa. Tumca, umetes SemTxvevaSi 

eriTrocitebis konturebi Senaxulia. eqsperimentis am vadaze Con-A-sTan 

erTad plaferoni lb-s Seyvanis SemTxvevaSic hepatocitebis didi 

umravlesoba  vakuolur distrofias ganicdis. amasTanave, aRsaniSnavia, rom 

wilakis trabekuluri Seneba  SenarCunebulia. aseve iSviaTi da  umniSvneloa  

limfoiduri infiltraciis ubnebi. 

Con-A-s Seyvanidan 24  sT-is Semdeg sakontrolo jgufis cxovelTa  

RviZlSi cvlilebebi kvlav intensiuradaa  gamoxatuli. hepatocitebis 

umetesoba  vakuolur distrofiasa  da  nekrozul cvlilebebs ganicdis. 

deqsametazonis fonze mniSvnelovnad matulobs orbirTviani hepatocitebis 

raodenoba. amave dros, aRiniSneba  destruqciuli cvlilebebis gaRrmaveba. 

plaferoni lb-s gavleniT hepatocitebis umravlesoba  kvlav distrofiul 

cvlilebebs ganicdis, magram nekrozuli ubnebi ar aris. 

Keqsperimentis dawyebidan 48 sT-is Semdeg sakontrolo jgufSi zogierT 

areSi RviZlis normaluri trabekuluri struqtura  vlindeba, rac 

regeneraciuli procesebis gaaqtiurebaze miuTiTebs. amave vadaze zogierTi 

normaluri hepatocitic Cndeba. deqsametazoniT mkurnalobis SemTxvevaSi 

aRniSnuli suraTidan mniSvnelovani gansxvaveba  ar aRiniSneba. plaferonis 

gavleniT wilakis normuli Seneba  ZiriTadad aRdgenilia. nekrozuli ubnebi 

da  limfoiduri infiltratebi saerTod aRar SeiniSneba. 

amgvarad, Con-A inducirebuli hepatitis dros plaferoni lb da  

deqsametazoni RviZlis qsovils Rrma  destruqciuli cvlilebebis 

ganviTarebisagan icavs. aRsaniSnavia  aseve, rom plaferoni lb qsovilis 

struqturis aRdgenas aCqarebs, rac deqsametazonis gamoyenebis SemTxvevaSi ar 

SeiniSneba. 

rogorc ukve aRvniSneT, orive medikamenti - plaferoni lb da 

deqsametazoni - RviZlis qsovils imunuri dazianebisagan icavs. cnobilia, 

romHkortikosteroidebi aRniSnul efeqts citokinebis (il-1, il-2, il-6, gama 

interferonisa da simsivnis nekrozis faqtori alfas) genebis eqspresiis 

daTrgunvis gziT axorcieleben.  savaraudoa, rom plaferoni lb-s efeqtic mis 

mier citokinebis balansis SecvliT unda iyos gamowveuli (Ciqovani, 1997; 

Khesturiani et al., 1997), aqve unda aRiniSnos, rom imunomamodulirebeli moqmedebis 

garda, plaferoni lb-s gamoxatuli antioqsidaciuri da antiapoptozuri 

Tvisebebic aqvs. wina kvlevebSi naCvenebi iqna plaferoni lb–s Zlieri 

antiapoptozuri Tviseba mwvave mZime formis hepatitis modelebSi da 

klinikur gamocdebSi. kerZod plaferoni lb ainhibirebs hepatocitebis 

apoptozs LPS-iT inducirebul mZime hepatitis eqsperimentul modelSi. 

metrevelis mier naCvenebi iqna, rom msubuqi da saSualo simZimis mqone 

pacientebSi plaferoni lb-s gamoyeneba srul gamojanmrTelebas axdenda 

96,9%-Si. ufro metic igi mniSvnelovnad amcirebda daavadebis qronizaciis 

SesaZleblobas da xels uwyobda proteqtoruli imunitetis Camoyalibebas 

(metreveli, 1999). am da sxva kvlevebis safuZvelze, Cvens mier SemoTavazebuli 

iqna hipoTeza, rom msubuqi hepatitebis dros plaferonis damcvelobiTi 

Tviseba mis proapoptozur unarTan aris dakavSirebuli. 
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cnobilia, rom kaspazebis gaaqtiureba apoptozuri procesis 

damaxasiaTebeli niSania. apikaluri kaspazebis regulacia SeiZleba gadamwyveti 

faqtori iyos am procesSi. kaspaza 8-is TviTgaaqtiureba iwvevs kaspaza-3-is 

pirdapir gaaqtiurebasa da Bid–is gaxleCvas (Li et al., 1998). 
literaturuli monacemebis mixedviT, RviZlis imunopaTologiis dros 

transkrifciuli meqanizmis funqciuri mdgomareoba gansazRvravs imas, Tu 

romeli – kaspaza-3-is Tu alternatiuli – gziT warimarTeba apoptozuri 

procesebi. Con-A–inducirebuli hepatitis dros kaspaza-3-is aqtiurobis 

Sesaxeb monacemebi winaaRmdegobrivia. kerZod, erT-erTi kvlevis mixedviT, 

kaspaza-3-is aqtiuroba mniSvnelovnad izrdeba (Ding et al, 2004). xolo sxva 

gamokvlevis mixedviT, is ar vlindeba (Kunstle et al, 1999). 
aqedan gamomdinare, kvlevis Semdeg etapze Cvens mier Seswavlili iqna 

kaspaza 3 da 8-s aqtiuroba in vivo Con-A–s Seyvanis Semdeg da masze 

imunomodulatorebis, kerZod, plaferoni lb–sa da deqsametazonis gavlena. 

miRebuli Sedegebis Tanaxmad, eqsperimentis I vadaze sakontrolo jgufis 

TagvebSi Con-A-s Seyvana kaspaza-3-is aqtiurobis mkveTr matebas ganapirobebs 

da faqtiurad eqsperimentis maqsimums aRwevs. amis Semdeg igi TandaTan 

klebulobs, Tumca 48 sT-isTvis normas mainc ver ubrundeba (diag. 2). 

plaferoni lb-s Seyvana  eqsperimentis I  da  II  vadaze kaspaza  3-is 

aqtiurobaze ar moqmedebs da  aRniSnuli maCvenebeli sarwmunod ar 

gansxvavdeba  sakontrolo jgufisgan. sakontrolo jgufTan SedarebiT 48 sT-

ze kaspaza  3-is aqtiuroba  mniSvnelovnad matulobs (p<0,01). maSin roca, 

deqsametazonis gamoyeneba  eqsperimentis I  vadaze Trgunavs kaspaza-3-is 

aqtiurobas sakontrolo jgufTan SedarebiT, xolo eqsperimetis Semdeg 

vadebze aRniSnuli maCvenebeli sakontrolo jgufis analogiuri 

maCveneblebisagan aRar gansxvavdeba. 

kaspaza  3-is garda, Seswavlili iqna  kaspaza  8-is aqtiurobac. kaspaza  8-

is aqtiurobis cvlilebebi kaspaza  3-is msgavsi aRmoCnda. kerZod, Con-A–s 

Seyvanidan 8 saaTis Semdeg misi aqtiurobis mkveTri mateba  SeimCneva. 24  da  48 

sT-isTvis ki kaspaza  8-is maCvenebeli klebulobs, Tumca  normas mainc ver 

ubrundeba  (diag. 3). 

plaferoni lb-s gamoyenebis SemTxvevaSi eqsperimentis I  da  II  vadaze 

kaspaza  8-is aqtiuroba  kidev ufro izrdeba, Tumca  igi sarwmunod ar 

gansxvadeba  sakontrolo jgufis maCveneblisgan. 48 sT-ze ki sakvlev jgufTan 

SedarebiT kaspaza  8-is aqtiuroba  statistikurad sarwmunod matulobs 

(p<0,01). Cvens mier miRebuli Sedegebis analizi cxadyofs, rom imunosupresanti 

deqsametazoni kaspaza  8-is aqtiurobaze gavlenas ar axdens. deqsametazonis 

gavleniT kaspazebis inhibirebis tendencia  vlindeba  eqsperimentis pirvel 

vadaze, Tumca  is statistikurad sarwmunod ar gansxvavdeba  janmrTeli 

Tagvebis analogiuri maCveneblebisagan (diag. 3). 

plaferoni lb ki proapoptozur Tvisebas avlens, rac msubuqi hepatitis 

regeneraciis fazaSi kaspaza  3-isa  da  kaspaza  8-is aqtiurobis mniSvnelovan 

matebaSi gamoixateba.  
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kaspasa-8-is aqtiuroba Con-A inducirebuli msubuqi hepatitis dros
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diagrama  3  kaspaza-8-is aqtiuroba  Con-A–inducirebuli hepatitis dros 

Diagram 3     Changes of caspase-8 activity in Con-A-induced mild hepatitis 

diagrama  4 SratSi nitrit/nitratis doneebis cvlilebebi Con-A-inducirebul eqsp. msubuq hepatitSi 
Diagram 4 Changes of serum nitrite/nitrate levels in Con-A induced experimental mild hepatiitis   
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diagrama  2  kaspaza-3-is aqtiuroba  Con-A–inducirebuli hepatitis dros 

Diagram 2     Changes of caspase-3 activity in Con-A-induced mild hepatitis 
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diagrama  1 ALT-is donis cvlileba  Con-A inducirebuli msubuqi hepatitis dros 

Diagram 1 Change in ALT levels in Con-A-induced mild hepatitis 
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RviZlSi mimdinare apoptozuri procesebis Sesaswavlad damatebiT 

gamoyenebul iqna  TUNEL-is meTodi. miRebuli Sedegebis safuZvelze dadginda, 

rom eqsperimentuli msubuqi hepatitis modelSi plaferoni lb-s gamoyeneba  48 

sT-ze sarwmunod zrdis apoptozuri hepatocitebis raodenobas, Tumca  igi ar 

moqmedebs eqsperimentis sxva  vadebze. aRsaniSnavia  is faqti, rom 

imunomodulatori deqsametazoni aseT efeqts ar avlens (cxrili 1). 

uaxlesi monacemebiT Con-A-s mcire  dozebis gamoyenebisas 48 saaTze 

xdeba  bunebrivi T kilerebis raodenobis aRdgena, romelic aucilebelia  

RviZlis normaluri regeneraciisTvis. SesaZlebelia  vivaraudoT, rom 

plaferoni lb xels uwyobs dazianebuli ujredebis apoptozuri gziT 

mocilebas da  rTavs iseT meqanizmebs, romlebic imavdroulad hepatocitebis 

proliferacias aZliereben. 

cnobilia, rom Warb apoptozs adgili aqvs mwvave da  qronikuli virusuli 

hepatitis, alkoholuri da  araalkoholuri hepatitis, RviZlis qolestaturi 

daavadebis, vilsonis daavadebisa  da  “transplantanti maspinZlis winaaRmdeg 

daavadebis” (GVHD) dros. meore mxriv, apoptozis deficiti asocirebulia  

RviZlSi da  sanaRvle sistemaSi simsivnis ganviTarebasa  da  progresirebasTan. 

ufro  metic, interferonis antivirusuli efeqti ganpirobebulia  apoptozis 

gamowveviT (Castelli et al, 1997). 
Cveni kvlevis Sedegebi gvafiqrebinebs, rom plaferoni lb–s gamoyeneba  

SesaZlebelia  RviZlis sxvadasxva  urTierTsawinaaRmdego  meqanizmiT 

mimdinare dazianebis dros. rogoricaa  mwvave virusuli hepatiti da  

simsivneebi. rogorc Cans, plaferoni lb apoptozuri procesis modulirebas 

daavadebis formisa  da  simZimis mixedviT axdens.  RviZlis mZime dazianebis 

pirobebSi is antiapoptozur efeqts avlens (s.WoWua  da  Tanaavt., 2006), xolo 

susti imunuri pasuxiT ganpirobebuli RviZlis dazianebis SemTxvevaSi ki – 

proapoptozurs.  

amdenad,  SegviZlia  davaskvnaT, rom plaferoni lb apoptozis procesis 

modulatoria. 

vinaidan imunuri sistemis funqcionireba ujredTaSorisi 

komunikaciebiT ganisazRvreba, igi oqsidaciuri stresisadmi gansakuTrebiT 

mgrZnobiarea. ujreduli komponentebis, upiratesad, cilebis, lipidebisa da 

dnm-is endogenuri oqsidaciuri dazianeba mravali qronikuli daavadebis 

paTogenezSi monawileobs. zogierTi paTologiuri procesis, maT Soris, 

hepatitebis dros,DkavSiri daqveiTebul antioqsidaciur statuss, oqsidaciur 

stressa da avadmyofTa klinikur mdgomareobas Soris dadasturebulia. 

Tumca, ra rols asrulebs oqsidaciuri stresi daavadebis ganviTarebasa da 

mis progresSi, dRemde ucnobia. 

 

 

cxrili #1 apoptozuri birTvebis raodenobrivi maCveneblebi Tagvebis 

hepatocitebSi Con-A-Ti gamowveuli eqsperimentuli msubuqi hepatitis dros 

sakvlevi 

jgufebi 

 
janmrTeli

konkanavalin-
A 

Kkonkanavalin-
A + plb 

Kkonkanavalin-A 
+ 

deqsametazoni 
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8 saaTi 54,23 ± 9.09 154,39±15,22 180,39±17,2 164,39±15,02 

24 saaTi “ – “ 76,41±12,12 82,34±11,15 86,14±9,11 

48 saaTi “ – “ 75,41±10,11 280,23± 15,21 84,12±9,10 

 

cnobilia, rom oqsidaciuri stresis mimarT gansakuTrebiT mgrZnobiarea 

apoptozis gamSvebi fermentebi kaspazebi.  zogadad miRebulia, rom mraval 

ujredSi reaqtiuli Jangbadis saxeobebis (ROS) mcire koncentraciebi 

apoptozis iniciirebas iwvevs, maTi zeWarbi raodenoba ki - nekrozul 

cvlilebebs ganapirobebs. kritikuli cisteinebi sxvadasxva redoqs 

potencialiT xasiaTdebian, amitom oqsidantebis mcire doza zogierT cilaSi 

Tiolis daJangvas iwvevs, sxva  cilebze ki ar moqmedebs.  

amrigad, oqsidantebis mcire koncentracia apoptozis ganviTarebas im 

redoqs statusis cvlilebebiT ganapirobebs, romlebic xorcieldeba iseTi 

proapotozuri faqtorebis gaaqtivebiT, rogoricaa JNK. imavdroulad xdeba 

NF-kB-is inhibireba, ise rom ar icvleba proapoptozuri kaspazebis redoqs 

statusi.  oqsidantebis maRali done ufro metad nekrozis ganviTarebas 

ganapirobebs. isini ainhibireben kaspazebs, romlebic saWiroa apotozis 

gansaxorcieleblad, da ganapirobeben ujredebis nekrozul daRupvas (Halliwell 
et al., 1990; Dypbukt et al., 1994). redoqs statusis Zlieri cvlilebebi, rac 

ganpirobebulia H2O2-is raodenobis matebiTYda glutaTionis (GSH) SemcirebiT 
pirvelad kulturaSi hepatocitebis nekrozs iwvevs. maSin, roca zomieri 

redoqs clilebebi ar axdens gavlenas apoptozze. miuxedavad amisa, 

oqsidantebisa da GSH-is clilebebi aregulirebs TNF-isa da Fas-iT 
ganpirobebul apoptozs. ufro metic, naCvenebia, rom xangrZlivi an Warbi 

oqsidaciuri stresi kaspazebis aqtiurobis daTrgunvasa da Sesabamisad 

apoptozis blokirebas axdens (Hampton et al., 1998).   
imis gasarkvevad, Tu ra kavSiria msubuqi hepatitis dros hepatocitebis 

apoptozsa da redoqs-potencialis cvlilebebs Soris, amasTanave, imis 

dasadgenad, Tu ramdenadaa ganpirobebuli plaferoni lb-s prokaspazuri 

aqtiuroba misi antioqsidaciuri unariT, eqsperimentul cxovelTa sisxlSi 

SeviswavleT azotis oqsidisa da glutaTion reduqtazas doneebis cvlileba, 

agreTve hepatocitebis mitoqondriuli aqtiuroba. 

sxvadasxva organoSi mimdinare metaboluri darRvevebi saboloo jamSi 

sisxlSi ganviTarebuli cvlilebebiT aisaxeba, ris gamoc cocxal organizmSi 

mimdinare metaboluri procesebis Sesaswavlad sisxli yvelaze xelsayrel 

obieqts warmoadgens. Con-A inducirebuli hepatitis dros Cvens mier 

Catarebulma gamokvlevam cxovelTa sisxlSi oqsidaciuri stresisaTvis 

damaxasiaTebeli suraTi gamoavlina.   

Cvens mier miRebuli monacemebis analizma cxadyo, rom Con-A-s 
ineqciidan 8 saaTis Semdeg cxovelTa SratSi azotis oqsidis Semcveloba 

statistikurad sarwmunod imatebs da eqsperimentis bolomde amave doneze 

rCeba. 

Con-A inducirebuli hepatitis dros deqsametazonis gamoyeneba sisxlSi 

azotis oqsidis raodenobaze ar moqmedebs. aqedan gamomdinare, igi 

antioqsidaciuri unaris SenarCunebas da lipidebis zeJanguri Jangvis 

procesebis Sesustebas ver uzrunvelyofs.  
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sadisertacio  Temis garSemo  gamoqveynebul  
samecniero  SromaTa sia 
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daskvnebi 
 

1. susti imunuri pasuxiT ganpirobebuli hepatitis dros kaspazebiT 

gaSualebuli apoptozis intensivoba izrdeba. 

2. Con-A inducirebuli msubuqi hepatitis dros plaferoni lb-s gamoyeneba 

RviZlis qsovilis regeneraciis fazaSi hepatocitebSi kaspazebis (3 da 8) 

aqtiurobas aZlierebs. 

3. susti imunuri pasuxiT ganpirobebuli hepatitis eqsperimentul modelSi 

imunomodulatori plaferoni lb aZlierebs hepatocitebis apoptozs da 

Sesabamisad imunuri pasuxis efeqts, riTac mcirdeba procesis qronizaciis 

SesaZlebloba. 

4. Con-A inducirebuli msubuqi hepatitis dros plaferoni lb RviZlis 

qsovilis normaluri struqturis aRdgenas aCqarebs. 

5. Con-A inducirebuli msubuqi hepatitis dros plaferoni lb sisxlSi 

azotis oqsidis Semcvelobas aregulirebs: RviZlis maqsimaluri 

destruqciis fazaSi mas statistikurad sarwmunod aqveiTebs, xolo 

regeneraciis fazaSi – zrdis. 

6. RviZlis msubuqi imunuri dazianebis eqsperimentul modelSi plaferoni 

lb oqsidaciuri stresis ganviTarebas aferxebs. 

7. plaferoni lb-s gavleniT hepatocitebis apoptozis gaZliereba da 

amavdroulad maTi proliferaciuli aqtiurobis mateba RviZlSi 

regeneraciuli procesebis stimulacias ganapirobebs. 

 

 

praqtikuli rekomendaciebi: 

 

1. susti imunuri pasuxiT mimdinare infeqciebis dros (B da C 
hepatitis msubuqi formebi) samkurnalod rekomendebulia plaferoni lb-s an 

proapoptozuri Tvisebis mqone sxva imunomodulatoris gamoyeneba. 

2. plaferoni lb-s moqmedebis meqanizmis ufro Rrmad Sesaswavlad 

mizanSewonilia proanTebiTi da anTebissawinaaRmdego citokinebis balansze 

misi zemoqmedebis kvleva Con-A inducirebuli hepatitisa da autoimunur 

daavadebaTa sxva eqsperimentul modelebSi. 

3. plaferoni lb-Si Semavali imunomamodulirebeli potencialis 

mqone fraqciis identifikacia mizanSewonilia Con-A inducirebuli hepatitis 

modelze. 
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aRsaniSnavia, rom plaferoni lb eqsperimentis II vadaze azotis oqsidis 

koncentracias statistikurad sarwmunod Trgunavs (p<0,01). eqsperimentis 

mesame vadaze ki plaferoni lb sapirispiro efeqts avlens - sarwmunod zrdis 

azotis oqsidis raodenobas (diagrama 4). eqsperimentis es vada RviZlis 

qsovilis regeneraciis fazas emTxveva. 

cnobilia, rom azotis oqsidi apoptozuri procesis regulaciaSi 

monawileobs. igi avlens rogorc anti-, aseve proapoptozur moqmedebas. misi 

antiapoptozuri moqmedeba  xorcieldeba  ori ZiriTadi meqanizmiT: cGMP–
damokidebuli da  cGMP–damoukidebuli. cGMP producirebis stimulirebiT NO 

iwvevs xsnadi guanililciklazas aqtivacias, rac ujredebs Semdgomi 

apoptozisagan icavs (Kim et al., 1997). es meqanizmi naklebadaa  Seswavlili. 

meore, cGMP–damoukidebuli meqanizmi, moicavs lipidebis zeJangvis 

inhibirebas, peroqsil radikalis CaWeras, Bcl-2-is gaxleCvisa  da  citoqrom C-s 
gamoTavisuflebis Semcirebas (Kim et al., 1998) da  iseTi cilebis induqcias, 

rogorebicaa  Hsp70 da Bcl-2 (Mosser et al., 1997; Genaro et al., 1995). garda  amisa, NO 

damcvelobiT efeqts avlens cilebis S-nitrozilirebiT. p50-isa  da  p65-is 62-e 
cisteinis S-nitrozilirebiT NO-s ZaluZs NF-κB-s aqtivaciis inhibireba. NO-s 

donorebi ainhibireben TNFα-s mier NF-κB-s aqtivacias, rac IκB-α-s 
stabilizaciiTa  da  misi genis eqspresiis matebiT aris gamowveuli. kaspazebi 

cisteinis maRali Semcvelobis gamo  S-nitrozilirebisaTvis idealur 

samizneebs warmoadgenen. 

sainteresoa  NO-s zemoqmedeba  NF-κB-s regulaciasa  da  anTebaze. 

marTalia, misi moqmedebis meqanizmi bolomde ar aris garkveuli, Tumca  

dadasturebulia  misi rogorc pozitiuri, aseve negatiuri  gavlena  aRniSnuli 

transkrifciuli faqtoris regulaciaze. es moqmedeba  damokidebulia  azotis 

oqsidis koncentraciaze, redoqs statusze, stimulsa  da  ujredis tipze (Kim et 
al., 1997).  

eNOS–isa  da/an nNOS-is mier mcire raodenobiT endogenurad warmoebul 

NO-s SeuZlia  gadamwyveti roli iTamaSos sxvadasxva  stimulis dros NF-κB-is 
aqtivaciis modulaciaSi. 

in vitro da in vivo pirobebSi naCvenebi iqna, rom iNOS aferxebs TNF an Fas-iT 

inducirebul apoptozs (Bogdan et al., 2001). ufro metic, in vivo iNOS deficitur 
TagvebSi inhibirdeboda RviZlis regeneracia. garda amisa, naCvenebi iqna (Sass et 
al., 2001), rom Con-A-inducirebuli RviZlis dazianebis dros RviZlis qsovilSi 

ar warmoiqmneba 3-nitroTirozini, azotis oqsidis mier qsovilis dazianebis 

markeri. Sass da kolegebma (2001) daadgines, rom hepatocitebSi inducibeluri 

azotis oqsidis eqspresia ganapirobebs ujredebis nawilobriv dacvas. 

Cvens mier miRebuli Sedegebis Tanaxmad plaferoni lb axdens azotis 

oqsidis raodenobis modulirebas. kerZod, 24 saaTze preparati amcirebs mis 

raodenobas (p<0,01) da amiT xels uSlis misi damangreveli moqmedebis 

gavrcelebas. SedgomSi ki, 48 saaTisTvis igi axdens inducibeluri azotis 

oqsidis raodenobis matebas zRvrul donemde (p<0,01), riTac aCqarebs 

proliferaciul procesebs. 
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reaqtiuli Jangbadis saxeobebis (ROS) ujredSida koncentracia mkacrad 

kontroldeba dacvis mravalricxovani meqanizmebiT, maT Soris, ROS-is 
skavenjeri fermentebisa da patara antioqsidanti molekulebis mier. am 

antioqsidaciuri sistemebidan aRsaniSnavia glutaTioni da fermentebi, 

romlebic oqsidaciuri dazianebisagan damcav faqtorebs warmoadgenen 

rogorc cirkulaciaSi, ise sxvadasxva qsovilSi, maT Soris, RviZlSi (Schwabe 
et al., 2006). 

glutaTionis saerTo ujredSida koncentracia mniSvnelovnad 

cvalebadobs, gansakuTrebiT, RviZlSi. RviZlis GSH SeiZleba dramatulad 

Semcirdes wamlis metabolizmis Sedegad, oqsidaciuri stresis Semdeg an 

GSH–is sinTezSi Tandayolili defeqtebis gamo; GSH–is dabali 

koncentraciebi gamovlenilia sefsisis, acetaminofenuri intoqsikaciis, 

alkoholis qronikuli moxmarebisa da vilsonis mwvave daavadebis dros. 

ufro metic, RviZlis GSH cirkadul cvalebadobas ganicdis. RviZlis GSH–is 

raodenobis farmakologiuri gazrda RviZls naklebmgrZnobiares xdis da 

icavs mravali pirdapiri hepatotoqsinis zemoqmedebisgan (Prescott, 1982). 
kvlevebis mzardi raodenoba miuTiTebs imaze, rom GSH–s ujredis dazianebaSi 

ormagi roli gaaCnia.  

naCvenebia, rom ujredis sikvdilis zogierT modelSi, sadac apoptozi 

ZiriTad movlenas warmoadgens, glutaTionis Semcireba damcav (e.i. 

antiapoptozur) - da ara damamZimebel – efeqts qmnis. dReisaTvis cnobilia, 

rom makrofagebis NO–inducirebuli apoptozi, T ujredebis CD95–iT 

ganpirobebuli apoptozi da hepatocitebis citokin–gamowveuli apoptozi in 
vivo damokidebulia Sesabamisi ujredebis ujredSida glutaTionis 

koncentraciebis cvlilebebze (Hentze et al., 2000). wamoyenebuli iyo hipoTeza, 

rom apoptozis ganmaxorcielebeli kaspazebis redoqs mgrZnobiaroba 

pasuxismgebelia gamovlenil damcvelobiT efeqtze, radgan GSH–is 

koncentraciebi Semcirebuli iyo. Tumca, GSH–is gazrdil ujredSida 

koncentraciebs sxvadasxva ujredul xazSi apoptozis gaZlierebac SeuZliaT 

(Uhlig et al., 1992). rac Seexeba in vivo kvlevebs, glutaTionis (GSH) SemcirebiT 

gamowveuli damcvelobiTi efeqti naCvenebia RviZlis apoptozuri kaspaz-

damokidebuli dazianebis modelebSi (Hentze et al., 1999). 
kvlevis Semdeg etapze msubuqi hepatitis eqsperimentul modelSi 

SeviswavleT glutaTion reduqtazas cvlileba cxovelTa SratSi. rogorc 

miRebuli Sedegebis analizma cxadyo, Con-A-s ineqciidan 8 sT-is Semdeg 

glutaTion reduqtazas aqtiuroba statistikurad sarwmunod imatebs (p<0,01), 
24 sT-sTvis igi mcirdeba, Tumca sakontrolo maCvenebelTan SedarebiT isev 

momatebulia. 48sT-sTvis glutaTion reduqtazas aqtiuroba normas ubrundeba. 
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plaferoni lb-s Seyvana statistikurad sarwmunod amcirebs sakvlev 

jgufTan SedarebiT glutaTion reduqtazas raodenobas (p<0,01). plaferoni 

lb mTeli eqsperimentis ganmavlobaSi glutaTion reduqtazas koncentracias 

garkveul doneze inarCunebs, magram normul maCveneblamde mis dayvanas ar 

axorcielebs (diagrama 5), rac momatebuli proliferaciis periodSi saWiroa 

mitoqondriuli funqciis Sesasruleblad. 

plaferoni lb-s msgavsad, deqsametazonic glutaTion reduqtazas 

maRali aqtiurobis SenarCunebas uzrunvelyofs. aRsaniSnavia, rom Con-A-s 
ineqciidan 8 sT-is Semdeg plaferoni lb-s gavleniT glutaTion reduqtazas 

aqtiuroba mniSvnelovnad mcirea vidre deqsametazonis gamoyenebis 

SemTxvevaSi (p<0,01). 
Cven mier gamovlenili monacemebi Seesabameba  sxva  kvlevis Sedegebs, 

romlis mixedviTac, cirozsa  da  hepatocelularul karcinomaSi sakontrolo  

qsovilTan SedarebiT GR–is aqtiuroba  gazrdilia  (Czeczot et al., 2006). ujredis 

doneze GSH-is homeostazi uzrunvelyofilia  biosinTezs, moxmarebas, 

oqsidaciasa  da  eqsports Soris balansiT. homeostazis darRvevam ki 

SeiZleba  imoqmedos RviZlis unarze uzrunvelyos oqsidaciuri dazianebisgan 

dacva  (Fernandez-Checa et al., 1997). 
kvlevis bolo etapze msubuqi hepatitis eqsperimentul modelSi 

SeviswavleT hepatocitebis mitoqondriuli aqtiuroba MTT testis 

saSualebiT. intaqturi Tagvebis hepatocitebis spontanuri stimulaciis 

indeqsi (si) 1,14+0,2 udrida. Con A-Ti gamowveuli msubuqi hepatitis dros 24 

saaTisaTvis es maCvenebeli 1.5+0,3-is (sakontrolo maCvenebelTan SedarebiT 

p<0,05), xolo 48 saaTisaTvis ki – 1,16+0,11-is toli iyo. 

Pplaferoni lb-s gavleniT Con A-inducirebidan 24 saaTis Semdeg 

miRebuli sidide ar gansxvavdeba sakvlevi jgufis maCveneblisgan, Tumca 48 

saaTze is matulobs (2,06+0,12) da statistikurad sarwmunod aRemateba 

intaqturi Tagvebis analogiur maCvenebels (p<0,01). aRsaniSnavia is faqti, rom 
deqsametazonis SemTxvevaSi mitoqondiriuli sunTqva daTrgunulia 48 saaTze 

(diagrama 6). 

amrigad, miRebuli Sedegebi imis sasargeblod metyvelebs, rom plaferoni 

lb mitoqondriul funqcias aZlierebs da hepatocitebis proliferacias 

aCqarebs, riTac RviZlSi regeneraciuli procesebis stimulirebas axdens. 
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