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Biological effects of lithium on the structure of the liver  
in conditions of remote tumor growth 

In the experiment on CBA mice the effect of lithium carbonate on the liver structure when used as an anti-
tumor agent was studied. Tumor growth was modeled by introducing hepatocarcinoma-29 cells into the mus-
cle tissue of the right thigh of experimental animals. Lithium carbonate was administered on the periphery of 
tumor growth at a dose of 0.037 mg per animal. The structure of the liver was studied by light, electron mi-
croscopy and morphometry after 3, 7, 13, and 30 days of the experiment. In the dynamics of remote tumor 
growth, structural changes in the liver were discovered, which indicates the organ dysfunction. It has been 
shown that by the 30th day of tumor development there was a decrease in the volume and number density of 
hepatocytes, a decrease in the number density of binuclear cells and an increase in the volume density of si-
nusoids. In hepatocytes there was a decrease in the concentration of all intracellular organelles, which is a re-
flection of a decrease in the energy and synthetic function of cells. The use of lithium carbonate as an anti-
tumor agent led to the aggravation of structural changes in the liver, which was apparently due to an increase 
in the toxic load on the organ due to an increase in the decay products and the dying of tumor cells under the 
influence of lithium. 

Keywords: hepatocytes, ultrastructure, endoplasmic reticulum, ribosomes, mitochondria, protein-synthetic 
functions, tumor growth. 

 

Introduction 

Hepatocarcinoma is one of the most aggressive human tumors and, despite advances in early diagnosis 
and treatment, leads to high mortality rate among patients due to metastasis. [1]. It is known that lithium 
compounds (lithium chloride and lithium carbonate) can influence the signaling pathways and cell cycle reg-
ulation [2], and possess immunomodulating properties [3]. There is research showing the effectiveness of the 
use of lithium compounds to suppress tumor growth [4–6]. 

The liver is a parenchymal organ and at the same time it is the largest gland of internal secretion of a 
complex tubular structure. Its main role is the formation and secretion of bile, which is involved in the con-
version of fatty acids into soluble compounds that can be absorbed in the digestive tract. The following pro-
cesses occur in liver: glycogen synthesis and deposition, its reverse transformation into sugar and discharge 
into the blood as the body needs. [7]. The study of the fine structure and nature of the vital activities of these 
cells in the normal condition, as well as the changes that occur in them under various influences, is of great 
practical interest [8]. Complex and diverse functions of the liver is provided by the work of the cellular ele-
ments of its parenchyma — hepatocytes [9]. 

The use of new approaches to the study of the influence of malignant growth and anticancer drugs on 
the structural and functional state of the liver is topical. 
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Research objective 

Identifying the effect of lithium carbonate on the structural organization of the liver when it is used for 
the correction of peripheral tumor growth. 

Material and methods of research 

An experimental study was carried out on CBA mice weighing 18–20 g at the age of 3 months. The an-
imals were kept on a standard diet with free access to water and food. Work with animals was carried out in 
accordance with the «Rules of work with the use of experimental animals». 

In the experiment there were 3 groups of animals. Group 1 consisted of intact animals, group 2 consist-
ed of animals with the development of a tumor process (n = 20), group 3 consisted of animals that, after in-
duction of a tumor process, received injections of lithium carbonate into the right thigh (n = 20). 
Hepatocarcinoma-29 (HC-29) cells were used to induce tumor growth. HC-29 was obtained and verified by 
the staff of the Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Scienc-
es [10] and was kindly provided for our research. HC-29 cells were transferred to CBA mice's abdominal 
cavity, after 10 days, ascitic fluid was taken and suspended in 10-fold volume of physiological saline and 
injected in a volume of 0.1 ml into the muscle of the right thigh of intact animals. Animals in group 3 re-
ceived five intramuscular injections in the right thigh in a volume of 0.1 ml of lithium carbonate suspension 
prepared with sterile 0.85 % aqueous solution of sodium chloride in a dose of 0.037 mg per animal. Intra-
muscular administration of lithium carbonate was done to simulate the process of drug delivery to the site of 
implantation of tumor cells. The material was taken for research after 3, 7, 13, and 30 days of the experi-
ment. Animals were drawn out of the experiment under ether anesthesia by the method of cranio-cervical 
dislocation. For electronic and microscopic examination, liver samples were fixed in 4 % paraformaldehyde 
solution prepared on Hanks medium, fixed for 1 hour in 1 % ОsO4 solution (osmium tetroxide) (Sigma, 
USA)on phosphate buffer (pH = 7.4), dehydrated in ethanol of increasing concentration and put in epon 
(Serva, Germany). Semi-thin sections with a thickness of 1 μm were obtained on a Leica EM UC7 
ultramicrotome (Germany / Switzerland), stained with toluidine blue, studied under a LEICA DME light mi-
croscope (Germany), photographed using the Avigion computer program. Photomicrographs were measured 
morphometrically using the ImageJ computer program (USA). Volume density of the parenchyma and 
stroma of the liver, the number density of hepatocytes and their nuclei using a closed test system of 120 
points were estimated. Ultrathin sections of 70–100 nm thick were contrasted with a saturated aqueous solu-
tion of uranyl acetate and lead citrate and examined in a JEM 1010 electron microscope (Japan). Hepatocytes 
were morphometrically measured using the ImageJ computer program. The volume density of mitochondria, 
cisterns of the rough-surface endoplasmic reticulum, lipid vacuole, glycogen, primary, secondary lysosomes 
and autophagolysosomes were evaluated. Statistical data processing was performed using the program 
Statistica 6.0. The mean values and the standard deviation were calculated, the significance of differences 
was calculated using the Mann-Whitney U-test and was taken at p <0.05. 

Results and discussion 

On day 30 of the experiment under conditions of remote tumor growth, the volume density of the cyto-
plasm of hepatocytes of animals with tumor growth was 11 % less (p <0.05) than in control animals (Fig. 1). 
At the same time, the value of the hepatocyte number density decreased by 30 % (p <0.05) (Fig. 1b) during 
the experiment. 

In animals which received lithium carbonate injections in the right thigh, an increase in the volume den-
sity of the cytoplasm of hepatocytes was observed from day 3 to day 13 of the study. On day 3, the value of 
this indicator was increased by 13 %, on day 7 — by 9 % and on day 13 — by 1.5 % compared with the cor-
responding value in the control group (Fig. 1). By day 30 of the study, the volume density of the hepatocyte 
cytoplasm did not differ from the level in the control group (Fig. 1). 

On day 3, day 7 and day 13 of remote tumor growth, there was an increase in the number density of 
hepatocytes by 40 %, 14 %, and 18 % (p < 0.05), compared with the control group (Fig. 2). The increase in 
the hepatocyte number density in animals treated with lithium carbonate was observed on day 7, and a de-
crease was observed by days 13 and 30 by 10 % and 40 % respectively (p <0.05) (Fig. 2). 
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Figure 7. Ultrastructural organization of hepatocytes in the control group (a) and conditions of remote tumor growth (b). 
A decrease in the content of cisterns of the granular endoplasmic reticulum, ribosomes, mitochondria, and  

an increase in lysosomes in the mouse hepatocyte after 30 days of tumor development. Magnification ×8000 

On day 3, the value of this indicator decreased by 45 % (p < 0.05), and on day 30 of tumor growth it 
was 68 % (p < 0.05) of the corresponding value in the control group (Tables 1, 2). When exposed to lithium 
carbonate, a decrease in the volume density of mitochondria was observed for all study periods. On day 3, 
the value of this indicator was reduced by 45 %, on day 7 — by 9 % (p < 0.05), and on day 13 — by 7 % 
(p < 0.05) compared with the corresponding value in the control group (Tables 1, 2). 

There was an increase of volume density of lysosomal structures in cells, in particular autophago-
lysosomes. The value of this indicator increased by 2 times by day 30 of the experiment (Tables 1, 2). At the 
same time, all stages of intracellular autophagic degradation were noted: the presence of hepatocytes 
autophagosomes with organelles in the cytoplasm (Table 1). In autophagosomes, fragments of cytoplasm, 
glycogen rosettes, mitochondria, fragments of the endoplasmic reticulum with ribosomes were observed. 

During the first 7 days of tumor development in the muscle tissue of the thigh in the cytoplasm of 
hepatocytes, there was a tendency of decrease in the volume density of lipid vacuoles. On days 13 and 30 of 
the experiment, the value of this indicator decreased by 4.5 and 3 times (p < 0.05) respectively (Table 1). The 
volume density of glycogen decreased by 3 times (p < 0.05) on day 3 of tumor development, subsequently, 
the value of this indicator did not significantly differ from the corresponding value in the control group (Ta-
bles 1, 2). On day 13, experimental animals that received injections of lithium carbonate in the right thigh 
showed a tendency of increase of lysosomal structures by 2.5 times (p < 0.05) relative to day 13, and on day 
30 it decreased by 45 % (Tables 1, 2). 

T a b l e  1  

The results of a morphometric analysis of the ultrastructural organization of the liver under conditions  
of remote tumor growth with the introduction of lithium carbonate, days 3 and 7 of research (M ± SD) 

Parameters Control Day 3 TG Day 3 LC Day 7 TG Day 7 LC 

Hepatocyte cytoplasms, Vv 70.01 ± 1.34 68.24 ± 2.43 13.96 ± 2.28 66.18 ± 0.64* 8.09 ± 0.94 
Hepatocyte, NA 34.15 ± 0.72 33.92 ± 1.22  27.59 ± 0.72  
Mitochondria, Vv 37.52 ± 1.17 29.22 ± 1.01 20.75 ± 3.42** 34.22 ± 1.24 14.94 ± 2.27*1 
Granular SER, Vv 33.63 ± 2.45 38.74 ± 1.30 21.85 ± 3.58* 31.2 ± 1.32 11.08 ± 1.18 
Agranular SER, Vv 6.66 ± 0.41 5.46 ± 0.11 3.76 ± 0.61 7.35 ± 0.56 7.12 ± 0.87 
Golgi apparatus, Vv 2.60 ± 0.21 3.56 ± 0.42 3.17 ± 0.52 2.55 ± 0.23 7.25 ± 0.78 
Attached ribosomes, N A 85.75 ± 3.63 73.23 ± 2.46 13.6 ± 2.25 78.16 ± 3.56 26.47 ± 1.25 
Free polysomal ribosomes, NA 40.12 ± 0.99 22.24 ± 0.64* 13.76 ± 2.25 13.22 ± 1.51* 28.55 ± 3.03*1 
Autophagosomes, Vv 0.02 ± 0.01 0.48 ± 0.39* 0 ± 0 1.38 ± 0.19* 6.46 ± 1.02 
Primary lysosomes, Vv 2.00 ± 0.11 2.67 ± 0.47 2.41 ± 0.39* 1.72 ± 0.05* 6.18 ± 0.74*** 
Secondary lysosomes, Vv 1.06 ± 0.11 3.88 ± 0.64 2.19 ± 0.63* 1.61 ± 0.10* 3.26 ± 0.41* 
Lipid vacuole, Vv 8.00 ± 0.71 6.21 ± 0.65 21.28 ± 3.48 6.11 ± 0.31 6.84 ± 1.05**1 
Glycogen, Vv 14.21 ± 0.59 4.71 ± 1.02* 8.71 ± 1.43* 16.72 ± 1.19 13.84 ± 1.49*111

——————— 
Note. * — significance of differences with control group p < 0.05; 1 — significance of differences with day 3 LC p < 0.05;  

# — significance of differences with day 7 LC p < 0.05; 0 — significance of differences with day 13 LC p < 0.05. 
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T a b l e  2  

The results of a morphometric analysis of the ultrastructural organization of the liver under conditions of 
remote tumor growth with the introduction of lithium carbonate, day 13 and day 30 of the study (M ± SD) 

Parameters Control Day 13 TG Day 13 LC Day 30 TG Day 30 LC 

Hepatocyte cytoplasms, Vv 70.01 ± 1.34 65.35 ± 0.50* 11.07 ± 1.81 55.45 ± 1.58* 12.37 ± 1.92 
Hepatocyte, NA 34.15 ± 0.72 28.38 ± 0.44  20.27 ± 0.69  
Mitochondria, Vv 37.52 ± 1.17 34.78 ± 0.58 18.58 ± 3.04** 25.17 ± 0.87 20.30 ± 3.14 
Granular SER, Vv 33.63 ± 2.45 30.15 ± 1.80 16.19 ± 2.65 20.18 ± 0.77* 16.98 ± 2.71 
Agranular SER, Vv 6.66 ± 0.41 7.09 ± 0.32 17.28 ± 2.83# 2.90 ± 0.19* 9.72 ± 1.62000 
Golgi apparatus, Vv 2.60 ± 0.21 2.09 ± 0.16 3.62 ± 0.59 3.19 ± 0.27 2.49 ± 0.39 
Attached ribosomes, N A 85.75 ± 3.63 77.40 ± 3.62 12.30 ± 2.01# 29.36 ± 1.34* 22.17 ± 3.58 
Free polysomal ribosomes, NA 40.12 ± 0.99 10.46 ± 0.83* 20.81 ± 3.47** 11.54 ± 0.36* 17.55 ± 2.95***00 
Autophagosomes, Vv 0.02 ± 0.01 0.84 ± 0.10* 1.46 ± 0.24 2.68 ± 0.15* 13.30 ± 2.1200 
Primary lysosomes, Vv 2.00 ± 0.11 3.15 ± 0.20 3.33 ± 0.54** 2.73 ± 0.15 2.80 ± 0.45*** 
Secondary lysosomes, Vv 1.06 ± 0.11 1.78 ± 0.11 5.0 ± 0.82* 2.37 ± 0.14* 2.75 ± 0.44** 
Lipid vacuole, Vv 8.00 ± 0.71 1.78 ± 0.11* 12.93 ± 2.11** 2.37 ± 0.40* 6.19 ± 1.04**0 
Glycogen, Vv 14.21 ± 0.59 13.5 ± 0.51 9.35 ± 1053# 17.75 ± 0.91* 0 ± 0*000 
——————— 

Note. * — significance of differences with control group p < 0.05; 1 — significance of differences with day 3 LC p < 0.05;  
# — significance of differences with day 7 LC p < 0.05; 0 — significance of differences with day 13 LC p < 0.05. 
 

Structural changes in the liver were determined by the development of tumor in the muscle tissue of the 
thigh. During the implantation of hepatocarcinoma-29 cells into the thigh region of experimental animals, 
tumor cells quickly filled the intermuscular spaces. By day 13 of the experiment, they replaced the muscle 
fibers, forming a tumor node, and by day 30 after the implantation, the tumor cells formed a kind of liver 
beams, surrounded by «sinusoids» [12]. At the same time, significant changes in free-radical lipid oxidation 
were observed in the dynamics of tumor growth. There was an increase in the level of secondary products of 
lipid peroxidation (LPO) in muscle tissue: on day 7 — 2.1 times, on day 13 — 1.4 times relative to control 
values, which was associated with invasion of tumor cells and damage to membrane structures [13, 14] and 
could not have a toxic effect on the liver. With the introduction of lithium carbonate, the destruction of tumor 
cells and the concentration of lipid peroxidation products significantly increased [11, 13, 14]. 

Currently, the main medical indications for using lithium are aimed at the treatment of acute bipolar 
disorder (BD) and for adjuvant treatment of major depression, given its well-proven mood stabilization prop-
erties [15]. The effectiveness of using lithium for the treatment of prostate cancer was shown [16]. 

Lithium salts are considered as a potential therapeutic target for numerous human malignant tumors. 
Many different effects of lithium have been found by researchers studying various types of cells, organs and 
organisms. However, the difficulty lies in determining which of the mechanisms of action of lithium are im-
portant for its therapeutic effect [17]. 

Our findings suggest that the biological effects of lithium on the structure of the liver are primarily due 
to its effect on hepatocarcinoma cells. Stimulating the destraction of tumor cells, lithium carbonate contrib-
utes to the increase of toxic products of decomposition of tumor tissue, thereby increasing the load on the 
organs of detoxification, in particular, the liver. 

Conclusion 

Using light and electron microscopy, it was revealed that under conditions of remote tumor growth, 
structural changes develop in the liver, indicating a violation of the function of the organ. The volume and 
number density of hepatocytes, also the number density of binuclear hepatocytes decrease, reflecting im-
paired hepatocyte renewal processes under the toxic effects of tumor metabolism products. In hepatocytes, 
the concentration of intracellular organelles decreases, which is a reflection of the decrease in the energy and 
synthetic function of cells. The use of lithium carbonate as an antitumor agent led to the aggravation of struc-
tural changes in the liver, which was apparently caused by the increase in the toxic load on the organ due to 
an increase in the decay products and the destruction of tumor cells under the influence of lithium. 

This work was supported by the grant of JSC «Center for International Programs» Contract No. 4141, 
dated December 26, 2016 and budgetary funding RICEL — branch of ICaG SB RAS № 0324-2019-045-С-
02. 
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С.А. Бахбаева, Н.П. Бгатова, Ш.М. Жумадина 

Қашықтағы ісіктің өсу жағдайындағы бауырдың құрылымына  
литийдің биологиялық əсері 

СВА желілі тышқандарға жасалынған экспериментте литий карбонатының бауыр құрылымына əсері 
зерттелді, литий ісікке қарсы агент ретінде қолданылды. Эксперименталды жануарлардың оң 
санының бұлшық етіне гепатокарцининома-29 ісік жасушаларын енгізу арқылы ісіктің өсу моделі 
жасалды. Литий карбонатын жануарға 0,037 мг дозада қашық жатқан ісіктің өсу бойына енгізілді. 
Бауыр құрылымы 3, 7, 13 жəне 30 тəуліктен кейін жарық, электронды микроскопия жəне 
морфометриялау əдістері бойынша зерттелді. Қашықтағы ісіктің өсу динамикасында бауырдың 
ультроқұрылымдық өзгерістерінің болуы оның қызметінің бұзылуын анықтайды. Ісіктің 30-шы 
тəулігінде гепатоциттердің көлемдік жəне сандық тығыздығының төмендеуі, екі ядролы 
жасушалардың сандық тығыздығының азаюы жəне синусоидтардың көлемдік тығыздығының өсуі 
байқалады. Гепатоциттерде жасушаішілік барлық органеллалардың концентрациясының азаюы 
анықталды, бұл жасушалардың энергетикалық жəне синтетикалық қызметінің төмендеуінің көрінісі 
болып табылады. Литий карбонатын ісікке қарсы агент ретінде пайдалану бауырдың құрылымдық 
өзгерістердің ушығуына алып келді, бұл шамасы, литий əсерінен ыдырау өнімдерінің ұлғаюына жəне 
ісік жасушаларының өлуі, ағзадағы уытты жүктеменің өсуіне байланысты. 

Кілт сөздер: гепатоциттер, ультрақұрылым, эндоплазмалық тор, рибосомалар, митохондриялар, 
ақуыз-синтетикалық функциялар, ісіктердің өсуі. 
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С.А. Бахбаева, Н.П. Бгатова, Ш.М. Жумадина 

Биологические эффекты лития на структуру печени  
в условиях отдаленного опухолевого роста 

В эксперименте на мышах линии СВА изучали влияние карбоната лития на структуру печени. Опухо-
левый рост моделировали путем введения клеток гепатокарциномы-29 в мышечную ткань правого 
бедра экспериментальных животных. Карбонат лития вводили по периферии опухолевого роста в дозе 
0,037 мг на животное. Структуру печени изучили методами световой, электронной микроскопии и 
морфометрии через 3, 7, 13 и 30 суток эксперимента. В динамике отдаленного опухолевого роста в 
печени выявлены структурные изменения, свидетельствующие о нарушении функции органа. Показа-
но, что к 30-м суткам развития опухоли происходит снижение объемной и численной плотности гепа-
тоцитов, уменьшение численной плотности двуядерных клеток и возрастание объемной плотности 
синусоидов. В гепатоцитах отмечали уменьшение концентрации всех внутриклеточных органелл, что 
является отражением снижения энергетической и синтетической функций клеток. Использование кар-
боната лития как противоопухолевого агента приводило к усугублению структурных изменений в пе-
чени, что, по-видимому, было обусловлено возрастанием токсичной нагрузки на орган в связи с уве-
личением продуктов распада и гибели опухолевых клеток под влиянием лития. 

Ключевые слова: гепатоциты, ультраструктура, эндоплазматический ретикулум, рибосомы, митохонд-
рии, белок-синтетическая функция, опухолевый рост. 
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