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Abstract: Lipid metabolism and proliferative activity of rat hepatocytes after induction of hepatitis by local 

hyperthermia and the effect of heteroside-321 on collagen contents and the rate of DNA synthesis in liver and 

spleen cells in animals with induced hepatitis were studied. The proliferation rate was determined using 

radioactive precursors of 
3
H-thymidine, and the rate of lipid synthesis was assessed by incorporation of the 

radioactive 
14

C sodium acetate. Separation of lipids into fractions was carried out by the thin-layer 

chromatography. The collagen content was determined by the concentration of hydroxyproline, and the 

functional activity (and restoration of the functional activity of liver?) was determined by the duration of 

hexenal sleep. It was shown that local hyperthermia was accompanied by an increase in the content of collagen 

in the liver by 55%, and the content of neutral lipids in the liver and their metabolism also increased. Along 

with these processes, the antitoxic function of the liver decreased, as evidenced by an increase in the duration of 

hexenal sleep. Intraperitoneal administration of Heterozide-321 to animals with hepatitis significantly increased 

the rate of the processes of regeneration in the liver 48 hours after the administration. Therefore, the 

heterozides can be used as activators of regeneration processes. 
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I. Introduction 
As it is known, hepatitis is an acute or chronic inflammation of a liver. Factors that induce hepatitis are 

very diverse, which is a theoretical basis for the classification of this pathology. Currently viral, toxic, drugs and 

autoimmune hepatitis are distinguished [1]. This kind of pathology can be developed under the influence of 

physical factors. The model of hyperthermia hepatitis is of the greatest interest for the oncotherapy methods. It 

is known that tumor cells have a greater sensitivity to the action of an elevated temperature (42-45 °C) than a 

normal tissue [1-3]. The mechanisms of temperature influence on cells and tissues fundamental research allowed 

us to develop an arsenal of effective anticancer hyperthermia methodologies [4,5], which currently are still in 

the center of attention of oncologists, that search for ideal schemes and ways to use them effectively [6]. A lot of 

experts consider that the most promising in this regard is the local hyperthermia, which is based on a system 

SelectoTherm (capacitive electro hyperthermia) [7]. The cytotoxic effect of elevated temperature (42 °C or 

more) is associated with an inflammatory process [8], synthesis of specific heat shock proteins [9], change in 

membranes conformational state, inhibition of DNA synthesis [10]. This adversely affects not only cancer but 

also normal cells, particularly their ability to further proliferation (regeneration), because they are particularly 

sensitive to temperature in S-period of the cell cycle [11]. The interrelation of these processes can lead to 

aggravation of pathology (development of hepatitis ↔ fibrosis → cirrhosis) or to restoration of the organ due to 

regeneration of the functionally active hepatocytes or stem cell activation. Mechanisms of cells heat damage and 

their relation to the regeneration processes are not fully discovered. The understanding of mechanisms of these 

processes is necessary not only for the practical medicine, but also for understanding the influence of 

hyperthermia on the cell function. The effect of local liver hyperthermia on the lipid metabolism, liver 

regeneration, DNA synthesis rate in rat spleen cells and influence of Heteroside 321 on these parameters were 

studied. 

 

II. Materials And Methods 
Experimental hepatitis was simulated using local liver hyperthermia [12]. Local liver hyperthermia was 

carried out as follows. All operations were performed on an anesthetized animal. The abdominal cavity of the 

animal was opened, without damaging the integral state of the liver and the liver blood vessels, extracted two 

lobes of the liver and placed into a thermostatic cell filled with saline, at the temperature of 45 ± 1 °C for 10 

min. After returning of the liver to the peritoneal cavity peritoneum was sutured and after 24 hours 

inflammatory process in the liver were developed[13], which intensity was evaluated by the content of collagen 

contents and detoxication function of liver. Experiments were performed at 3 months male rats Wistar. The 

control animals (which received saline) and the experimental (which received the heterosides-321) were divided 



Heteroside-321 Hepatoregeneration Activity In Cases Of Hepatitis Inducted By Local Hyperthermia  

DOI: 10.9790/3008-1203045155                                    www.iosrjournals.org                                          52 | Page 

into 4 experimental groups, respectively, which were killed after 24h (1 group), 48h (2 group), 72h (3 group) 

and 96h (4 group) after the introduction of heterozide-321 or saline. 

1.1. Collagen content determination. The content of collagen in liver was determined as described in [14]  

1.2. Liver detoxification function was evaluated by the duration of a hexenal sleep [15]. 

1.3. The content and the rate of lipid synthesis were determined. When determining the rate of the lipid 

synthesis the animals were injected with [
14

C] sodium acetate (5.5 MBq / 100 g body mass) 60 min to 

sacrifice. Microsome and cytosol fractions were isolated from the liver of control and experimental rats 

following perfusion with 0.25 M sucrose as described elsewhere [16]. Lipids were extracted from serum, 

microsomes, and cytosol [17]. The lipids were fractionated by thin-layer chromatography on Silufol plates 

(Czechoslovakia) using hexane acetate acid diethyl ester-methanol-glacial acetic acid (9:2:0:2:0.3 v/v) 

followed by qualitative and quantitative analysis of the fractions thus obtained and evaluation of their 

specific radioactivities as described elsewhere [18].  

Lipoproteins were isolated from the cytosol as described [17]. For this purpose, the pH of the cytosol was 

brought to 5.1 (using 0.1 M HCl) and the cytosol was incubated for 2 h at 4 °C. The pellet was isolated by 

centrifugation at 12 000g for 20 min at 4 °C. The supernatant was collected and its pH adjusted to 7.4 (0.2 

M Tris), then the lipoproteins were precipitated by ammonium sulfate at 90 % saturation. The protein 

content of the lipoprotein pellet thus obtained was determined by the Lowry method, while the lipids were 

extracted by a general procedure; the lipid content was assessed per mg of protein of the lipoprotein 

fraction. 

The radioactivity of labeled compounds was determined in the acid-soluble fraction of an aliquot of 

homogenate obtained after precipitation with 5 % perchloric acid. The radioactivity was counted in dioxane 

scintillator (5g PPO, 0.250 g POPOP, 100 g naphthalene) with a Beckman LS – 7800 counter (USA).  

1.4. Determination of the rate of the DNA synthesis in the liver and spleen. One hour before slaughtering all the 

animals were injected with 30 MBq of 
3
H-thymidine per 100 g of body mass. Animals were euthanized 

with ether anesthesia in all cases at the same time (from 9 to 10 hours). The liver was perfused with 

physiological saline cooled to 4 ° C. The liver and spleen were removed, the tissue was forced through a 

press and homogenized in the reagent A (0.25 M of sucrose, 0.05 M of KCl, 0.005 M of MgCl2 on tris–HCl 

buffer, pH 7.6). The homogenate was centrifuged for 10 min at 3000 g (4 ° C). The sediment was used to 

produce cell nuclei. The DNA was isolated from the nuclei, its concentration and the specific radioactivity 

(SR) was determined according to [19]. The SR DNA of precursor in all cases was the same. 

 

Heterosides were injected intraperitoneally every 24 hours to animals with induced hepatitis at doses of 

4.8 and 12 mg / 100 g of a body mass, always at 9 o'clock in the morning before meals to assess the impact of 

heteroside 321 on the studied parameters. As a control, the animals with hepatitis were used. All experiments 

were done at least three times and the results statistically processed using Student’s criterion [20] 

 

III. Results And Discussion 
Local liver hyperthermia (45 ° C - 10 min) was followed by necrosis of some cells, blood disorder and 

the development of the inflammatory response, manifested as typical autotoxic hepatitis [21]. The level of 

disease development was determined by the content of the connective tissue and the abuse of detoxification 

function. After 48 hours of the liver local hyperthermia the content of hydroxyproline (collagen precursor) in the 

liver tissue was increased by 55% and the duration of hexenal sleep, which indicates the degree of violation of 

xenobiotic detoxification function increased by 40% (Figure 1). 

 
Fig. 1.The content of oxyproline (µg/100 g liver tissue) (A) in native liver and 48 hours after local hyperthermia 

(2/3 liver mass in 45 °С 10 min.) and antitoxic function of liver (B) which is determined by the duration of 

hexenal sleep animals. Sleep duration in the control group is accepted as 100%. 
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Therefore, 2/3 liver mass local hyperthermia oppressed the monooxygenase system of the microsomal 

membranes and induced an inflammatory process in the organ, as evidenced by the increase in collagen content 

and duration of the hexenal sleep. These changes have led to a change in the lipid metabolism of the liver, one 

of its most important functions. It was found that the SR phospholipids, unesterified fatty acids and 

triacylglycerols in the microsomal liver fractions was increased after local hyperthermia (48 hours after 

exposure) in 1.5, 2.3 and 2.8 times, respectively (Figure 2). 

 

 
Fig. 2 The specific radioactivity of phospholipids (1), fatty acids (2) and triacylglycerols (3) in the membranes 

of the endoplasmic reticulum of native liver and liver after local hyperthermia (45 ºС 10 min.) 48 hours after the 

influence (presented average values of five independent experiments). 

 

Needless to mention that the radioactivity of labeled precursors (acetate-Na-
14

C) was the same for the 

intact control animals and after the local hyperthermia. This suggests that the rate of lipid synthesis, membrane 

liver endoplasmic reticulum 48 hours after local hyperthermia was increased in 1.5 - 2.8 times compared with 

the intact liver. It can be supposed that this will lead to an increase in lipid content in the microsomes. It was 

found that the content of phospholipids in the liver microsomes after the local hyperthermia increased only by 

25% and the content of non-esterified fatty acids and triacylglycerols did not differ from their content in the 

microsomes of the control animals (Table 1). It is considered that such "discrepancy" in the rate synthesis and 

the content of lipids in microsomal fractions is due to increased rate of lipid transport in the cytosol. It appeared 

that the content of phospholipids in the cytosol fraction 48 hours after local hyperthermia was increased in 2.2 

times and triacylglycerols in 4.6times compared to the intact liver (Table 1). 

 

Table 1 the content of different fractions of lipids in the membranes of the endoplasmic reticulum and cytosol 

(µg lipids per 1 mg of protein corresponding fractions) in the intact liver and 48 hours after local hyperthermia 

(liver weight 2.3 at 45 °C, 10 min). 

Lipid fraction 

The membrane of the endoplasmic 

reticulum 
Сytosol 

Intact liver 
The liver after a 
local hyperthermia 

Intact liver 
The liver after a local 
hyperthermia 

Phospholipids 184.5 ±7.1 231.5 ± 5.3,* 13.9±1.2 30.9±2.5* 

Non-esterifiedfattyacids 17.2±1.1 16.1±1.1 14.2±1.3 13.7±0.96 

Triacylglycerol 32.1±1.6 35.1±2.2 40.1±2.9 186.5±16.7* 

*Differences between the intact liver and liver after a local hyperthermia 

 

The obtained results suggest that local liver hyperthermia was accompanied with induction of the lipid 

synthesis in endoplasmic reticulum membranes and the increased transport rate of not labeled lipids into the 

cytosol i.e. synthesized to radioactive labeling. 

As it is known, the intracellular lipid transport is regulated by the lipid-carrying proteins. In this case, it 

can be expected that their content or lipid transfer efficiency from the membranes to the cytosol can be multiply 

increased. Determination of the lipid-carrying cytosol proteins showed that their contents did not differ in 

animals with an intact liver and a liver after the local hyperthermia (Table 2). However content of lipids per 1 

mg of lipid-containing proteins, i.e. "loading" of lipids was 3.6 times higher than in the intact liver cells (Table 

2). 

Therefore, the effectiveness of the lipid transfer by lipid-carrying proteins after local hyperthermia 

increased multiply. 
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Table 2 The content of lipid-containing proteins carrying the cytosol (µg per 1 g of cytosolic proteins) and 

"loading" lipid (µmg / mg protein) lipid carrying proteins. Presented the average values from 5 independent 

experiments 

Experimental variant 
The content of proteins carrying lipids 

 

The content of  lipids in proteins carrying 

lipids 

Intact liver 442.1 ± 11.2 35.11 ±2.5 

The liver after a local hyperthermia 386.0 ± 9.2 128.4 ±8.9* 

*Differences between the intact liver and liver after a local hyperthermia 

 

Therefore, local hyperthermia (45 ° C - 10 min) of 2/3 liver mass was accompanied by accumulation of 

collagen in the liver, increased rate of lipids synthesis in the membranes of the endoplasmic reticulum and rapid 

transport of lipids with further accumulation in the cytosol. This shows a rapid (already after 24-48 hours) 

development of the inflammatory process in the liver after the local hyperthermia. As already mentioned, the 

development of the inflammatory process in the liver may lead to cirrhosis or to the formation of a liver 

functional activity loss, or to its regeneration by inducing and reparative regeneration. During the initial stages 

of hepatitis (24-96 hours) rhythmic changes in the rate of synthesis of liver DNA was observed. Thus, SR of 

DNA liver cells of control animals increased by 34% after72 hours of local hyperthermia, compared to 24-48 

hours and was reduced by 43% after 96 hours compared to 72 hours after hyperthermia (Figure 3), indicating a 

compensatory regeneration of the liver. Due to the leading role of immune system (cellular immunity) in the 

process of a general protection of the organism and then the local regeneration of organs and tissues it occurred 

to be appropriate to study the dynamics of the activity of lymphoid tissue in the spleen on the background of 

autotoxic hepatitis. The studies have shown that DNA SR in spleen cells of the control animals with autotoxic 

hepatitis varied rhythmically from 24 to 96 hours after pathology induction. If after 48 hours of DNA SR 

decreased by 50% compared to 24 hours, and 72 hours to opposite increased 2 times as compared with the 24 

hours and decreased again (Figure 3). Thus, the rhythm of the DNA SR in liver and spleen changed in the 

control animals with autotoxic hepatitis relatively synchronously (Figure 3). 

 

 
Figure3.The DNA specific radioactivity in liver cells of animals this experimental hepatitis (1) and the influence 

of the Heteroside-321 in dosages 4 (2), 8 (3) and 12 (4) mg per 100 g of animal body mass on this parameter 

 

The established fact can be explained by the depletion of the energy and plastic resources or thermal 

stress, followed by intoxication. Both in one and in the other case a violation of energy metabolism is the 

determining factor. To test this assumption, heterosides synthesized in our laboratory were used as regulators of 

proliferative processes in the liver on the background of autotoxic hepatitis. This substances on one hand have 

shown high efficacy in the activation of enzymatic processes of glycolysis and glycogenesis (basic mechanisms 

of energy of all tissues), and on the other raised cell resistance to thermal stress [22]. It was found that 24 hours 

after heteroside 321 injection at doses of 4.8 and 12 mg / 100 g of body weight the DNA SR in liver cells was 

less in 3 times compared to the control group, irrespective of their dosage. Heterosides reinjection at the same 

dose resulted to a dose-dependent significant increase in the DNA synthesis rate by 30% at a dose of 4 mg / 100 

g, in 2 and 3.8 times at the doses of 8 and 12 mg / 100 g, respectively. After the third heterosides injection (72 

hours after induction of hepatitis) the DNA SR again was significantly lower than the corresponding time 

control. Additional 4-thinjection of heterosides to experimental animals with hepatitis showed no effect on the 

DNA SR in the liver cells (Figure 3). Thus, heterosides injection every 24 hours to animals with hepatitis 

accelerated the rate of DNA synthesis. Under similar experimental conditions heterosides injection to animals in 
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a dose of 12 mg / 100 g, has a less pronounced effect on the DNA SR in spleen cells as compared with control 

variant, retaining rate of the DNA synthesis. As is already noted, during autotoxic hepatitis two variants of 

molecular events can be observed: necrosis, turning into chronic hepatitis, or induction of liver regeneration. 

Depending on the ratio of these processes pathological processes or restore physiologic function can be formed. 

The results of this work indicate that heterosides after several consecutive injections of animals with hepatitis 

influence on the "choice" of response, increasing proliferative processes in the damaged tissue. Mechanisms of 

heterosides action on liver function are not yet clear, but it can be supposed that these compounds have a 

regulatory effect on energy metabolism, metabolism of proteins and nucleic acids. Therefore, heterosides are 

promising pharmacological substances, which can be widely used, particularly in hepatology. 
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