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Biological effects of lithium on the structake 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 hepatogarcinoma-29 cells into the mus-
cle tissue of the right thigh of experimental animals. Lithium ¢atbonate 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 discoverédfiwhich'indicates the organ dysfunction. It has been
shown that by the 30th day of tumor developmentgthere was)a decrease in the volume and number density of
hepatocytes, a decrease in the number density of binuclear gells and an increase in the volume density of si-
nusoids. In hepatocytes there was a decreasefin thelconeentration of all intracellular organelles, which is a re-
flection of a decrease in the energy and symthetic functiomyof cells. The use of lithium carbonate as an anti-
tumor agent led to the aggravation of stfuctural changes in the liver, which was apparently due to an increase
in the toxic load on the organ due tofanjlincrease m the decay products and the dying of tumor cells under the
influence of lithium.

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

Introduction

Hepatocarcingmaiis one of the most aggressive human tumors and, despite advances in early diagnosis
and treatment, J€ads‘te high mortality rate among patients due to metastasis. [1]. It is known that lithium
compounds (lithism chloride and lithium carbonate) can influence the signaling pathways and cell cycle reg-
ulation [24§ and’possess immunomodulating properties [3]. There is research showing the effectiveness of the
usegofilithivm compounds to suppress tumor growth [4-6].

The livemsis a parenchymal organ and at the same time it is the largest gland of internal secretion of a
cemplex 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-
cessestoccur 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 animalsy.

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 obtaingd 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 CBAmmice'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 mlof lithiumjcarboenate suspension
prepared with sterile 0.85 % aqueous solution of sodium chloride in a dose of 0.087 mg per’animal. Intra-
muscular administration of lithium carbonate was done to simulate therocess of drug'delivery to the site of
implantation of tumor cells. The material was taken for research after 3,07, 13,%and 30 days of the experi-
ment. Animals were drawn out of the experiment under ether anesthesia byjathe method of cranio-cervical
dislocation. For electronic and microscopic examination, livems@mples were fixed in 4 % paraformaldehyde
solution prepared on Hanks medium, fixed for 1 hour in 1 %OsO,%solution (osmium tetroxide) (Sigma,
USA)on phosphate buffer (pH = 7.4), dehydrated in ethangl, offinereasing concentration and put in epon
(Serva, Germany). Semi-thin sections with a thickness of\ Tjum-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 Avigign computer program. Photomicrographs were measured
morphometrically using the Image] computer program (USA). Volume density of the parenchyma and
stroma of the liver, the number density of hepatoeytespand their nuclei using a closed test system of 120
points were estimated. Ultrathin sections of 70—100'am thick were contrasted with a saturated aqueous solu-
tion of uranyl acetate and lead citrate andéexaminedgn a JEM 1010 electron microscope (Japan). Hepatocytes
were morphometrically measured using theplmageJ computer program. The volume density of mitochondria,
cisterns of the rough-surface endoplasmic retieulum, lipid vacuole, glycogen, primary, secondary lysosomes
and autophagolysosomes were €valuated. Statistical data processing was performed using the program
Statistica 6.0. The mean valuesyandythe 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 offthe‘eéxperiment under conditions of remote tumor growth, the volume density of the cyto-
plasm of hepate€ytesiof animals with tumor growth was 11 % less (p <0.05) than in control animals (Fig. 1).
At the same timejthe value of the hepatocyte number density decreased by 30 % (p <0.05) (Fig. 1b) during
the experifment.

In animals which received lithium carbonate injections in the right thigh, an increase in the volume den-
sity oflthe cytoplasm of hepatocytes was observed from day 3 to day 13 of the study. On day 3, the value of
this andicator was increased by 13 %, on day 7 — by 9 % and on day 13 — by 1.5 % compared with the cor-
respending 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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2. The number density of hepatocytes in the dynamics of HC-29 tumor growth
and with the injection of lithium carbonate into the right thigh

animals with tumor growth, there was a decrease in the volume density of sinusoids on all days of the
e iment, on day 3 by 18 %, on day 7 by 10 % (p <0.05), on day 13 by 3 % (p < 0.05), and on day 30 the
value'of this parameter decreased by 3 times, compared with the animals of the control group (Fig. 1). In an-
imals treated with lithium carbonate, a decrease in the sizes of sinusoids was also observed on day 7 by 35 %
(p <0.05), on day 13 by 2 % (p <0.05), and on day 30 the sizes decreased by 6 times (Fig. 3).
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Figure 4. Number density of hepatocyte nuclei in the dynamics of HC-29 tumor growth
and injection of lithium carbonate into the right thigh

During the study of binuclear hepatocytes, there was a decrease by 10 times and 3.5 times (p <0.05) on
day 30 of the experiment with tumor growth and the introduction of lithium carbonate, respectively (Fig. 5).
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The lymphatic drainage of hepatocytes is associated with non-vascu rculation and consists of
the Disse's space and periacinal Malla's spaces [11]. During t}lJ’l‘l analysis of Disse's spaces in
the dynamics of tumor growth a significant change in their si ound. After 7 days of the experiment,
there was an increase in the sizes of Disse's spaces by 28 % (p &0. and after 13 days the value of this
parameter began to decrease from the values of day 7 by 20 .0001), and by day 30 the value of this
parameter decreased by 2 times (p < 0.0001). By day 30,0f xperiment, the value of this parameter re-
turned to its original value (Fig. 6). In animals treated with'lithium'carbonate injections in the right thigh, the
3, compared with the values in the control
group, and from day 3 to day 13 of the study, there wa arp decrease in these parameters (Fig. 6). On day
13 the indicator of the sizes of Disse's spaces d“by 9 times, and on day 30 its value increased by
74 % (p <0.0001), compared to day 13 of the ig. 6).
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3,day 7, day 13, day 30 — time of development of hepatocarcinoma in the thigh of experimental animals;
* — significance of differences with control group p < 0.05

Figure 6. The size of the Disse's spaces in the dynamics of HC-29 tumor growth
and with the injection of lithium carbonate in the right thigh

A change in the ultrastructural organization of hepatocytes was found. The main organelles that provide
the cell with energy are mitochondria. In the liver of animals with tumor growth, a decrease in the volume
density of mitochondria was observed (Fig. 7). Mitochondria are cellular organelles that play an important
role in bioenergetic processes. Their function leads to providing the cell with chemical energy.
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On day 3, the value of this indicator decreased by 45 % (p < 0.05), and on
was 68 % (p < 0.05) of the corresponding value in the control group (Table$ 1, 2). sed to lithium
carbonate, a decrease in the volume density of mitochondria was observed \for all periods. On day 3,
on day 13 — by 7%

There was an increase of volume density of lysosomal
lysosomes. The value of this indicator increased by 2 times by day
same time, all stages of intracellular autophagic degradatio
autophagosomes with organelles in the cytoplasm (Table 1
glycogen rosettes, mitochondria, fragments of the endoplasmi

During the first 7 days of tumor development i
hepatocytes, there was a tendency of decrease in the
the experiment, the value of this indicator decreased

volume density of glycogen decreased by 3 %

the value of this indicator did not significant
bles 1, 2). On day 13, experimental anifmals thatsréceived injections of lithium carbonate in the right thigh
showed a tendency of increase of lysosomalystructures by 2.5 times (p < 0.05) relative to day 13, and on day

30 it decreased by 45 % (Tables 1, 2

scle tissue of the thigh in the cytoplasm of
sity of lipid vacuoles. On days 13 and 30 of

Table 1

The results of a morphome

of remote tumor gy

alysis of the ultrastructural organization of the liver under conditions

e introduction of lithium carbonate, days 3 and 7 of research (M + SD)

Paramet, Control Day 3 TG Day 3 LC Day 7 TG Day 7 LC
Hepatocyte cytof] 70.01 +1.34 | 6824+243 | 13.96+228 | 66.18+0.64 | 8.09+0.94
Hepatocyte, NA 34.15+0.72 | 33.92+1.22 27.59+0.72

3752+ 1.17 | 2922+1.01 | 20.75+3.42" | 3422+1.24 | 14.94+227"
33.63+245 | 3874+130 | 21.85+3.58 | 31.2+132 11.08 + 1.18
6.66+0.41 5.46+0.11 3.76+0.61 7.35+0.56 7.12+0.87
2.60+0.21 3.56+0.42 3.17+0.52 2.55+0.23 7.25+0.78
85.75+3.63 | 73.23+2.46 13.6+£225 | 78.16+3.56 | 2647+ 125
. 40.12+0.99 | 2224+0.64 | 13.76+2.25 | 13.22+1.51* | 28.55+3.03"
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 2.67 047 241039 | 1.72+0.05 | 6.18£0.74
Secondary lysosomes, Vv 1.06+0.11 3.88 + 0.64 2194063 | 1.61+£0.100 | 3.26+041
Lipid vacuole, Vv 8.00+0.71 621+0.65 | 21.28+3.48 6.11+031 | 6.84+1.05 "
Glycogen, Vv 1421+£059 | 471+£1.02° | 871143 | 16.72+1.19 [13.84+149""
Note. * — significance of differences with control group p <0.05; ' — significance of differences with day 3 LC p < 0.05;

# — significance of differences with day 7 LC p < 0.05; ° — significance of differences with day 13 LC p < 0.05.
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Table 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 | 6535+0.50" | 11.07+1.81 | 55.45+1.58" | 1237+1.92
Hepatocyte, NA 34.15+£0.72 | 28.38+0.44 20.27 £ 0.69
Mitochondria, Vv 3752+ 1.17 | 34.78+0.58 | 18.58+3.04 | 25.17+0.87 2030 +3.14
Granular SER, Vv 33.63+245 | 30.15+1.80 | 16.19+2.65 | 20.18+0.77" | 16.98 = 2471
Agranular SER, Vv 6.66 + 0.41 7.09+032 | 17.28+2.83" | 290+0.19° | 9.72+1.6207
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+2.017 | 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 4.17.55+2.952"
Autophagosomes, Vv 0.02+001 | 084+0.10 | 1.46+024 | 2.68+0.15 | 18.30+2.12%
Primary lysosomes, Vv 2.00+0.11 315+£020 | 3.33+0.54° | 2.73+0.15 280+ 045
Secondary lysosomes, Vv 1.06 +0.11 1.78 £ 0.11 50+£082 | 237044 275+ 0.44"
Lipid vacuole, Vv 8.00+0.71 178011 [ 12932117 | 23740400 619+1.04°
Glycogen, Vv 1421+059 | 13.5+051 | 9.35+1053" |, 17.75+ 081 0+0%

Note. ¥ — significance of differences with control group p <0.05; - signifigance\of differences with day 3 LC p <0.05;

# — significance of differences with day 7 LC p < 0.05; ° — significance of differences with, daygh3.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 theithigh 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 timé)signifieant changes in free-radical lipid oxidation
were observed in the dynamics of tumor growth. Theseswas an\increase in the level of secondary products of
lipid peroxidation (LPO) in muscle tissue: on day & — 2. l\times, on day 13 — 1.4 times relative to control
values, which was associated with invasion of tumorieells’and damage to membrane structures [13, 14] and
could not have a toxic effect on the liver. With the mtroduction of lithium carbonate, the destruction of tumor
cells and the concentration of lipid peroxidation products significantly increased [11, 13, 14].

Currently, the main medical indigétiens forfusing 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 consideredias|a petential 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 diffictltylies in determining which of the mechanisms of action of lithium are im-
portant for its therapeufic cffectyil’7].

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

Conclusion

Wsing 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 Programsy Contract No. 4141,
dated December 26, 2016 and budgetary funding RICEL — branch of ICaG SB RAS Ne 0324-2019-045-C-
02.
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C.A. bax6aesa, H.I1. brarosa, I1.M. XXymanuna

KambIKIarsl ICIKTiH 6Cy KaraaiibIHAAFbl 0aybIPAbIH KYPbLIbIMbIHA
JIUTHHIIH OHOJIOTHSJIBIK dcepi

CBAWpKeI Tl THIIKAHIAPFa JKaCAIBIHFAH SKCIICPUMEHTTE JINTHH KapOOHATBIHBIH OaybIp KYpBUIBIMBIHA dcepi
3epTAem, JUTHI iCiKKe Kapchl areHT peTiHae KOJJaHbULABL. ODKCHEPUMEHTANIbl JKaHyaplapAblH OH
CafibiHbIH OYJIIIBIK eTiHEe TemaToKaplrHHHOMA-29 iCiK jKacyllanapblH €HTi3y apKbUIbI ICIKTIH ecy Momeni
yxacamiel. Jlntuii kapOoHaThiH xanyapra 0,037 Mr nosama Kamblk KaTKaH iCIKTIH ecy OoifblHa eHri3imi.
Bayslp kypsutbiMbl 3, 7, 13 xone 30 TOymiKTeH KeiiH JKapblK, OSJIEKTPOHABI MHUKPOCKOMUS IKOHE
MopdoMeTpusiiay omictepi OOWbIHIIA 3epTTenmi. KambIKTarbl iCIKTIH ©cy JHHAMHKACBIHIA OaybIpIblH
YIBTPOKYPBUTBIMABIK ©3repicTepiHiH OONYbl OHBIH KBI3METIHIH OY3BUTYBIH aHBIKTaWabl. ICikTiH 30-mbl
TOYJNIriHIE TENaTONUTTEPMAIH KOJNEeMIIK JKOHE CaHJABIK THIFBI3IBIFBIHBIH TOMEHJCYl, €Ki SIPOJIBI
JKACYIIANap/IblH CaH/BIK THIFBI3/IBIFBIHBIH A3al0bl JKOHE CHHYCOMITApIbIH KOJEMIIK THIFBI3/IBIFBIHBIH 6CYi
Oaiikaymanpl. ['emarouuTrepie skacylaillilik OapyblK OpraHe/uladapAblH KOHILEHTPALHUACHIHBIH —a3aiobl
aHBIKTAJIABI, OYJI JKacylianap/blH SHEPIreTHKAIIBIK JKOHE CHHTETHKAJIbIK KbI3METIHIH TOMEHJCYyiHIH KepiHici
6ousbin TaObUTanBl. JIuTHI KapOOHATHIH iCiKKe Kapchl areHT PeTiHAe maiganaHy OaybIpAbIH KYPBLIBIMIBIK
e3repicTep/iiH YIIBIFybIHA bl KeJ/i, Oy HIaMachl, JINTHI SCepiHeH bIAbIpay OHIMICPIiHIH YIFalobIHA KOHE
ICIK XKacyIIaapbIHEIH eJTyi, aF3a1arbl YEITTH )KYKTEMEHIH ocyiHe 0ailIaHbICTHI.

Kinm ce30ep: remaromurIep, YIBTPAKYpPBUIBIM, SHAOIUIA3MANBIK TOp, pHOOCOManap, MHUTOXOHIpHsIIAp,
aKyBI3-CHHTETUKAIIBIK (QYHKIUSIIAP, iCIKTEpAiH ocyi.
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buosornyeckue 3pPeKThl TUTHA HA CTPYKTYPY NEYEHH
B YCJI0BHUSIX OTAAJEHHOI'0 OIIYyX0JIeBOr0 PoCcTa

B skcniepumMente Ha Mpnmax muHEd CBA u3ydany BiusiHEe KapOOHATa JIMTUS HA CTPYKTYypy nedeHn. Omyxo-
JEBBIH POCT MOJCIMPOBAIM IyTEM BBEACHMS KJICTOK IelaTOKapUUHOMBI-29 B MBIIICYHYIO TKaHb IPABOTO
Oenpa SKCIepUMEHTAIbHBIX )KUBOTHBIX. KapOoHAT MUTHS BBOAMIM 110 TIepU(EPHH OITyX0JIEBOr0 POCTa B J03€
0,037 mr Ha xuBOTHOE. CTPYKTYpY NEUYEHH H3YyUHIHM METOJAMH CBETOBOH, 3JIEKTPOHHONH MHKPOCKOIHH H
Mopdomerpun depes 3, 7, 13 u 30 cyrok skcnepuMmeHTa. B nuHamMuKe OTIAJCHHOTO OIyXOJEBOTO pocTa B
TICYCHU BBUIBIICHBI CTPYKTYpPHBIE U3MEHEHHS, CBUACTEIbCTBYIONINE O HapymeHun (GyHKIuU opraHa. [Tokaza-
HO, 4TO K 30-M cyTKaM pa3BUTHUSI OILyXOJIU IIPOMCXOJHUT CHIDKCHHE 00BEMHOM 1 YHCICHHON INIOTHOCTHAfeTa-
TOLUTOB, YMEHBIIECHNE YHCJICHHOU INIOTHOCTU IBYSICPHBIX KJIETOK M BO3pAacTaHHE OOBEMHON IIOTHOCTH
CHHYCOHJIOB. B renarornurax oTMedary yMEeHbIICHHE KOHICHTPAUH BCEX BHYTPHKIETOYHBIX OPT4HEII, YTO
SIBIICTCSL OTPAKEHHUEM CHIDKSHUS SHEPreTHUECKOH M CHHTETHIeCKOH (YHKIUI KieToK. Mcmonbp30Banue, kap-
OoHaTa JIMTHS KaK NPOTUBOOITYXOJIEBOTO areHTa MPUBOJMIO K YCYTyOJICHHIO CTPYKTYPHBIX H3MECHEHHUH B Hie-
YeHH, YTO, NO-BUAMMOMY, ObLIIO OOYCIIOBICHO BO3PACTaHUEM TOKCHYHOW HArpy3KH Ha opraH B CBS3HC yBe®
JIMYCHUEM HPOIYKTOB paciiajia ¥ THOeH OIyXOJIEBbIX KIETOK I10]] BIUSHUEM JIUTHS.

Knrouesvie cnosa: renaTtouuTsl, yabTpacTPyKTypa, SHAOINIA3MAaTHYECKHUI PETHKYITyM, PHOOCOMbI, MUTOXOHI-
pun, GeToK-CHHTeTHYeCKas! (PYHKIHS, OITyXOJICBBIH POCT.
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