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Melatonin deficiency or excess and various-genesis
stressful situations influence on liver functioning
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The paper deals with the research of the functional, pro- and antioxidant condition of the liver under the
impact of stressful situation of various geneses. The markers of the oxidizing stress included: diethen conju-
gates, xanthine oxidase activity, cyclic adenosine monophosphate. The state of the liver pro- and antioxidant
system was assessed by the increase of the peroxidation secondary oxoproducts mainly malondialdehyde
(MDA) under the conditions of spontaneous and induced (ascorbate-depending and enzymatic) peroxidation
and also by the activity of superoxide dismutase and catalase, content of restored and oxidized forms of
glutathione in the liver. General proteolytic activity in the liver tissue was determined. Total bilirubin and
its fractions were determined according to the standard method of Jendrashek with the use of diazoreagent.
It was found out that the action of aggravators causes increase of non-enzymatic free-radical peroxide oxi-
dation of biopolymers. It turned out that at the lack of melatonin the content of diene conjugate increases
by 30% but there was a tendency to decrease of the content of MDA by 30%. Thus, it is observed that
only the concentration of primary peroxidation products increase, which may certify the intensification of
peroxidation in the liver. At the impact of increased doses of melatonin the peroxidation processes in the
liver reduced, which is proved by half as big content of MDA, i.e. melatonin acted as an antioxidant. The
research of the liver functional state under the conditions of the oxidizing stress made it possible to identify
in the liver twice as high content of diethen conjugates and MDA in comparison with the control value,
which characterize the peroxidation processes. Thus, a conclusion can be made that stressful situations cause

intensification of peroxidation in the liver, which may contribute to various diseases.
Key words: stress, liver, pro- and antioxidant balance.

INTRODUCTION

Nowadays human life is connected with environ-
ment pollution and action of harmful chemical
and physical agents causing wide spread of
stresses of chemical genesis. That is why the
study of the stresses of chemical genesis and
their influence on organism functioning is one
of the topical problems of the physiology of man
and animals. Oxidative stress is caused by active
forms of oxygen; it results in the inability of
the cells to overcome the increase of release of
active form of oxygen and damage of the cells.
Oxidative stress is the cause of many serious
human diseases [1]. Melatonin protects the or-
ganism cells against oxidation that contributes to
occurrence of serious illnesses including cancer,
heart diseases, diabetes, asthma. It is for this
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reason that melatonin is important as a strong
antioxidant, absorber of active forms of oxygen
[2]. The research of the melatonin deficiency and
excess influence on the state of the liver at its
normal functioning and under the conditions of
the oxidizing stress is limited by single scientific
studies. Recently, some papers contained the
analysis of melatonin influence on regulation
of the antioxidant homeostasis and the system
of the body detoxification by the melatonin hor-
mone and the role of the melatonin-dependent
receptors and the realization of this function in
the oxidative status [3]; the content of citrate
and the activity of aconitate hydratase in rat’s
liver at toxic hepatitis [4]; the morphological
structure of white rats’ liver under the condition
of the stress on the background of the hypo- and
hyper-functions of the epiphysis [5]; the clinical

55



Melatonin deficiency or excess and various-genesis stressful situations influence on liver functioning

efficiency of melatonin and its impact on the free
radical homeostasis at toxic lesions of the liver
[6]. However, the physiological substantiation
of the used melatonin doses remains insufficient
and the data of its impact on the liver functional
state are practically absent. Besides, there are
situations when the person’s professional activ-
ity takes place under the condition of constant
lighting and it is possible to consider that in these
cases not enough melatonin is synthesized in the
body [7]. Taking into account the stressfulness
of the contemporary human life the hypo- and
hyper-melatonin states are often formed on the
background of the stress, including the chemical
one connected with a great number of chemical
substances found in the body. Thus, the research
of melatonin excess or deficiency, especially on
the background of the stress, impact on the liver
functional state is of particular interest.

Therefore, the topicality of the problem
and its insufficient study require research in
this field.

METHODS

To research the influence on the liver of stress,
hypo- and hyper-melatonin state, intoxication by
sodium peroxiborate four series of experimental
research on animals — Wistar line rats (46 rats),
of the average mass of 240 g (from 220 g to 260
g) were carried out. All the experimental proce-
dures were performed according to the norms of
bioethics. The animals were kept on the standard
vivarium ration. Stress was reproduced by the
classical H. Selye’s method — the animals were
fixed on back, the first experimental group was
kept in this position for one hour and the second
group — for five hours. Two hours after finishing
the stress impact euthanasia by decapitation was
performed. To correct the effects of five-hour
stress, one hour before the experiment, the rats
were given per os 1/10 of a capsule of food
additive ACTIVIN OPS 50 (it is a complex of
natural antioxidants and microelements — vita-
mins E, C, P, B-carotene, selenium and others)
or 1/10 of tablet of food additive MELATONIN
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(one tablet contains 2 mg of melatonin and a
complex of antioxidants). Hypo-melatonin state
was simulated by continuous lighting with electric
bulbs during 10 days and nights (1000 — 1500
lux 24 hours a day). Hyper-melatonin state was
simulated by introduction of melatonin during
10 days and nights (the rats received melatonin in
the dose of 0.3 mg/kg of the body mass in the form
of 0.01% water solution, the individual dose was
0.54 — 0.59 ml). The following stage of the work
consisted in the research of the oxidative stress
of chemical genesis. Simulating the conditions
of the oxidative stress a dose of 0.05 LD, (60
mg/kg of the body mass in 24 hours) of sodium
peroxiborate was used in the experiment during
10 days and nights.

Determination of the concentration of diene
conjugates, activity of xanthine oxidase and
cyclic adenosine monophosphate (c-AMP) were
used as markers of oxidative stress. The state of
the liver pro-antioxidant system was assessed
by the increase of the peroxidation (PO) sec-
ondary oxoproducts mainly malondialdehyde
(MDA) under the conditions of spontaneous
and induced (ascorbate-depending and enzy-
matic) peroxidation and also by the activity
of superoxide dismutase (SOD) and catalase
according [8, 9]. The content of deoxidized
(GSH) and oxidized (GSSG) glutathione forms
in the liver, the general proteolytic activity in
the liver tissues, total bilirubin and its fractions
by Jendrassik method have been determined
with the use of a diazoreagent. The samples of
the liver tissue were selected at once after the
slaughter of the animals and the tissue antigens
were prepared. All the research was carried out
according to generally accepted methods [10].
The digital data obtained during the research
were subjected to a statistical analysis with
the use of the standard methods of variation
statistics. The standard statistic indices were
determined: arithmetic mean (M), arithmetic
mean error (m), probability of difference be-
tween the mean values (P), standard distortion
(t) by the Student’s criterion. Differences at
P <0.05 were considered reliable.
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RESULTS AND THEIR DISCUSSION

At an acute stress of hopelessness (swimming)
the activity of xanthine oxidase in the rats’ liver
is 15784858 mcat/kg (n=7) with the norm of
10834321 mcat/kg (n=8), i.e. practically it did
not change. At an acute emotionally-painful
stress of expectation (stochastic electro-irri-
tations) the concentration of cyclic adenosine
monophosphate (cAMP) increased by eight
times in the rats’ liver (Table 1). At the rats’

acute immobilization stress in the dynamic of
observations the chondriosome oxidation is
the main source of superoxide in the liver, to a
smaller degree it was a phagocytic respiratory
explosion inhibited by cateholamines.

Extract of the liver of the stressed rats,
being added to intact plasma, contributed to
reduction of the recalcification time almost by
two times —the thrombin time, making the time
of euglobulins fibrinolysis almost twice as long
(Table 2).

Table 1. The state of liver pro- and antioxidant at an acute emotional-painful stress of expectation (M+m)

H Indices | Norm Stress H
MDA-0, pmol/l 17.74 +£2.01 21.75+2.35
MDA-1.5, umol/1 20.53 +2.21 2536 +2.41
D 16 17
Catalase, mcat/kg 4.12 +0.51 3.56 +0.26
SOD, un.act. 1.38 +0.15 1.59+0.13
cAMP, pmol/g 0.60 + 0.07 4.80 +£0.11*

Note: * P <0.01 in comparison with control

Table 2. Influence of the extracts of the liver of intact and stressed rats on some indices of blood coagulation (M+m)

Rats’ liver extract

Indices

Intact | Stressed
Recalcification time, s 93.70 + 0.88 84.80 + 3.65%
Thrombin time, s 33.70 + 0.67 16.80 + 1.57**
Euglobulins fibrinolysis, min 112.2 +10.2 198.3 + 15.9**

Note: * P <0.01; ** P <0.001 in comparison with control

As a result of an acute emotional-painful
stress the levels of free-radical peroxidation
(FRPO) processes in the rats’ liver did not
change, the content of cAMP increased by
eight times, the activity of liver catalase did
not change. The hyperoxidation effect during
the stress is described and it characterizes the
stage of anxiety that may not be synchronous in
the blood and organs having bigger antioxidant
potential stimulated by cAMP. Five-hour
fixation of rats on backs increases the production
of superoxide by the liver phagocytes in the
process of chondriosome and microsomal
oxidation in the testicles; previous introduction
of natural antioxidant complexes in increased
doses also intensifies superoxide production
(Table 3).
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Hypokinesia and hyperkinesia (as variants of
rats’ stress) influence the ultrastructure of the liver
cells [13] and intensify FRPO in the liver [14].

Research of 10-day lack of melatonin re-
vealed disturbance of pro- and antioxidant bal-
ance accompanied by intensification of free-radi-
cal oxidation, which was manifested by increase
of lipid peroxidation of the primary products
content — diene conjugates (Table 4) [15].

The content of diene conjugates increased
by 30% (P<0.05), but there was a tendency to
decrease of the content of malondialdehyde by
30% (P<0.1). Thus, only the increase of con-
centration of peroxidation primary products is
observed. The activity of SOD, catalase and
glutathione peroxidase did not change essen-
tially. General proteolytic activity (GPA) did
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Table 3. Spectrophotometric NBT-test of rats’ liver at stress (M+m)

Experiments series Stimulation
NADPN, | NADN, | Lipopolysaccharide
Liver, norm (4) 7.67 +1.37 7.93 +£0.33 1.04 +0.33
stress 1 hour (3) 10.87 +2.13 10.80 + 0.27** 0.89+0.13
stress 5 hours (3) 10.33 +2.00 6.67 + 0.20%**, **** 1.72 + 0.16*****
stress 5 hours + complex AO (3) 11.67 +2.09 12.00 + 2. 5] ****** 1.36 +0.18
stress 5 hours + complex with M (3) 16.17 +2.73*  10.17 + 1.07% *#kkkkx ] 3] 4 () (3#****x*x

Note: * P <0.1; ** P <0.001; *** P <0.05 in comparison with control; **** P <(.1; ***** P <0.02 compari-
son of the stress duration effects; ****** p <().]; ******* P <(.05 comparison of correction effect with the

data of 5-hour stress [11; 12].

not change essentially either. In blood serum
the activity of alanine aminotransferase did not
change essentially. The concentration of the total
bilirubin did not change and met the norm. Thus,
at 10-day lack of melatonin the increase of the
content of diene conjugates was detected, which
may certify the intensification of peroxidation
in the liver.

Research of 10-day melatonin excess influ-
ence on the liver functional state revealed the
following (Table 5): there were no essential
changes in diene conjugates concentration in the
liver but MDA content was half as high (P<0.01),
i.e. melatonin proved to be an antioxidant [16].
The activity of SOD, catalase and glutathione
peroxidase did not change essentially. GPA did

Table 4. Biochemical parameters at the lack of melatonin (M+m)

Indices Research object I (norm) G|roups I
Content of diene conjugates, pmol/kg Liver homogenate 9.44+0.15 14.04+2.26%*
Content of MDA, pmol/kg 45.89+5.55 31.89+£5.37*
SOD, un.act. 0.534+0.133 0.361+0.10
Catalase, mcat/kg 5.25+0.17 5.20+0.77
Activity of glutathione peroxidase mcat’kg  Liver homogenate 6.03+0.35 5.43+0.46
General proteolytic activity, ncat/kg mcat/l Liver homogenate 16.57+4.03 13.84+4.19
ALT, pcat/l Blood serum 0.46+0.05 0.41+0.008
Total bilirubin, pmol/l Blood serum 6.24+0.69 4.69+0.67
Note: * P <0.1; ** P <0.05 in comparison with the values in group 1.
Table 5. Biochemical parameters at hyperfunction (M+m)
Indices Research object I (norm) GroTps I

Content of diene conjugates, pmol/kg Liver homogenate 9.44+0.15 10.17+0.72
Content of MDA, umol/kg 45.89+5.55 23.46+3.39*
SOD, un.act. 0.534+0.133 0.387+0.079
Catalase, mcat/kg 5.25+0.17 5.1£0.20
Activity of glutathione peroxidase mcat’kg  Liver homogenate 6.03+0.35 5.25+0.42
General proteolytic activity, ncat/kg; mcat/I Liver homogenate 16.57+4.03 11.34+2.42
ALT, pcat/l Blood serum 0.46+0.05 0.34+0.05
Total bilirubin, pmol/l Blood serum 6.24+0.69 4.37+1.20

Note: * P <0.01 in comparison with the values in group 1.
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Table 6. Biochemical parameters at intoxication (M+m)

. . Groups

Indices Research object [ (control) | 11 (SPOB)
Content of diene conjugates, umol/kg Liver homogenate 9.44+0.15 17.92+£1.51%*
Content of MDA, pumol/kg 45.89+5.55 92.85+26.70*
SOD, un.act. 0.534+0.133 0.205+0.068***
Catalase, mcat/kg 5.25+0.17 2.70+0.30%**
Activity of glutathione peroxidase mcat’kg  Liver homogenate 6.03+0.35 3.89+0.21**
General proteolytic activity, ncat/kg; mcat/l ~ Liver homogenate 16.57+£4.03 21.11+4.91
Total bilirubin, pmol/l Blood serum 6.24+0.69 9.58+1.14%**

Note: * P <0.1; ** P <0.001; *** P <0.05 in comparison with the value in group I.

not change essentially either. In blood serum
the activity of alanine aminotransferase and
bilirubin concentration did not change.

Thus, at 10-day impact of increased melato-
nine doses the peroxidation processes in the liver
reduced, which is proved by less content of MDA.

Research of the functional state of the liver
under the conditions of oxidative stress made it
possible to identify essential differences in the
state of the liver pro-antioxidant system. During
the 10-day research the increased content of diene
conjugates and MDA by almost 2 times (respec-
tively P<0.001 and P<0.1) were detected in the
liver in comparison with the control values (Table
6), that characterize the processes of peroxidation.

At that time the antioxidant processes in the
liver decreased, which is expressed by reduction
of SOD in the liver by 2.6 times (P<0.05) in
comparison with the control value. The activ-
ity of catalase in the liver also decreased by
almost 2 times (P<0.001) in comparison with
the norm. The activity of glutathione peroxidase
reduced by 35% (P<0.001). In this case GPA
did not change and bilirubin concentration in
the blood serum increased by 54% (P<0.05).
The concentration of total bilirubin increased,
which caused certain changes on the part of the liver
metabolic function.

CONCLUSIONS

1. Most performed experiments revealed that
the action of aggravators causes intensifica-
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tion of biopolymer non-enzymatic free-radical
peroxidation.

2. Lack and excess of melatonin under the
experimental conditions can change the pro-
antioxidant balance of the liver and metabolic
function. Lack of melatonin causes the disorder
of the pro-antioxidant balance of the liver in
the direction of the prooxidant link. Excess of
melatonin causes the disorder of the pro- and
antioxidant balance of the liver in the direction
of the antioxidant link.

3. Intoxication by sodium peroxiborate
resulted in the disorder of the pro-antioxidant
balance, which manifested in the increase
of the content of the primary and secondary
peroxidation products — diene conjugates and
malondialdehyde, and the inertness of the
enzymatic system of antioxidant protection
shown in decrease of the activity of super-
oxide dismutase, catalase and glutathione
peroxidase.

The author of this study, O.1. Antonova,
A.V. Pasenko, confirm that the research and
publication of the results were not associated
with any conflicts regarding commercial or
financial relations, relations with organizations
and/or individuals who may have been related
to the study, and interrelations of co-authors of
the article.
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O.1. AuTonoBa, A.B. [lacenko

BIIJINB HECTAYI il HAJJIAIIKY
MEJIATOHIHY TA CTPECOBUX CUTYAIIIA
PI3BHOT'O TEHE3Y HA ®YHKHOIOHYBAHHS
IHNEYIHKHAN

BuBuanu ¢yHKIIOHATBHUHN, IPO- TA AHTHOKCUJAHTHUIA CTaH
TICYiHKY MIPH Jil CTPECOBHUX CUTYALii pi3HOTO renesy. Mapke-
paMu OKHUCHOTO CTpecy OyiH: JIEHOBU KOH OTaTH, aKTHBHICTb
KCAaHTUHOKCHJIa3¥, UIMKIIYHUN aneHo3uHMoHO(pocdat. Cran
MPO- Ta AaHTUOKCHAAHTHOI CHCTEMH MNCYIHKH OL[IHIOBAJIU
38 IPUPOCTOM BTOPMHHHUX OKCOMPOAYKTIB MEPOKCHUOALii,
MepeBakHO ManoHoBoro aiamsaeriny (MJIA) B ymoBax
CHOHTAHHOTO Ta 1HIYKOBAaHOTO (ackopbaT3anexHoro i ¢ep-
MEHTaTHUBHOTO) IEPEKHCHOTO OKUCHEHHS, 4 TAKO)K AKTHBHICTIO
CYNEPOKCUAINCMYTA31 Ta KaTaja3H, BMICTOM Yy MEYiHLi Bia-
HOBHHX Ta OKMCHEHHX (hOpM [Ty TaTioHy. BuszHadanu 3araipHy
MIPOTEONITUYHY AKTHBHICTh y TKAaHWHAX MEYiHKU. 3araabHUN
Oimipy0iH Ta iforo Gpaxiii F0CIiKYBaIN 32 METOAUKOIO [eH-
Jpalrka 3 BUKOPUCTaHHSIM Jia30peaKkTuBy. BusBuiocs, mo
J1isl HOAPA3HUKIB BUKJIMKAJIA TOCHIICHHS He()ePMEHTaTHBHOTO
BIJIBHOPAMKAIBHOTO IEPEKUCHOTO OKUCHEHHS 01010ITiMepiB.
[Ipu HecTaul MenTaTOHIHY BipOTiIHO 301MBIIYBaBCS BMICT
nieHOBHX KoHroratiB Ha 30%, ane crocrepirajgacs TeHACH-
ISt 10 3HWKEHHS BMICTY MaJlOHOBOTO Hianmbierixy Ha 30%.
TaxkuMm 4rHOM, 301TIbILICHHS KOHICHTPALI] TUIBKU IEPBUHHUX
MIPOAYKTIB MEPOKCHIAI] MOXKE CBIJYUTH MPO MOCHICHHS
nepokcuaaii y neuinui. [Tpu BBl miABUILICHUX 103 METATO-
HiHy IPUTHIYaINCS TPOLECH NEPOKCHIALIIT, ITPO 110 TOBOPHIIO
3MeHuIeHHs BMicty MJIA y 2 pa3u, ToOTO MeIaTOHIH IPOSBUB
cebe sik aHTHOKCHIaHT. JlociimkeHHs QyHKIIOHAIBHOTO CTaHy
MEYIHKKA B yMOBaX OKHCHOTO CTPECY JAJI0 3MOTY BCTAaHOBH-
TU y TEYiHII MiJBHIICHHS BMICTY TI€HOBHX KOH IOTaTiB Ta
MJIA (ki xapaKTepu3yIOTh IPOLECH MepoKcHaalii) y 2 pasu
MOPIBHSAHO 3 KOHTposieM. OTe, CTPEeCcOoBi CUTYyaLii IPU3BOIATH
JI0 TIOCHJICHHS MEPOKCHAALii B MEYiHIli, a 116 MOXKE CHPHATH
PI3HUM 3aXBOPIOBAHHSIM.

KirouoBi cioBa: cTpec; meyiHka; Mpo- Ta aHTHOKCUIAHTHUN
GamaHc.

E.. AuTonoBa, A.B. Ilacenko

BJIMSIHUE HEJJOCTATKA, U3BbITKA
MEJIATOHUHA U CTPECCOBBIX CUTVYA-
U PA3JIMYHOT O TEHE3A HA ®YHKI[HO-
HUPOBAHME INEYEHHA

W3zyvanu QyHKIHOHATIBHOE, IPO- U aHTHOKCHAAHTHOE CO-
CTOSIHHE TICUSHHU I10]] BO3JCUCTBUEM CTPECCOBBIX CHUTYAIHid
Pa3IMYHOTO MPOUCXOKACHHS. B KauecTBe MapKepOB OKHCIIH-
TEIBHOTO CTPECCa UCIIONIB30BAIH OMPEIEICHNE KOHIICHTPALIUH
JIMEHOBBIX KOHBIOTaTOB, aKTUBHOCTh KCAHTHHOKCH/A3bI,
LUKINYECKOro afieHo3uHMOoHO(pochara. CocTossHEE TPO- U
AQHTHOKCH/IAHTHOW CHCTEMBbI TEYSHH OLIEHUBAJIH 10 IIPUPOCTY
BTOPHYHBIX OKCHIIPOJYKTOB MEPOKCHUIANNH, B OCHOBHOM
MaJIoHOBOTO auajibaeruaa (MJIA) B yClIoBHSIX CIIOHTaHHOTO
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U MHIYLUPOBAHHOTO (acKopOar3aBHCUMOro U (epMeHTa-
THBHOTO) NMEPEKUCHOr0 OKHCIICHHS, a TAaK)Ke aKTHBHOCTIO
CYNEPOKCHIIMCMYTa3bl U KaTajasbl, COEPKaHUEM B IIEUCHH
BOCCTAHOBJICHHBIX M OKHCJICHHBIX ()opM miryTatnoHa. Ompe-
Jiernsuiach o0Iast MPOTEONIUTHYECKasi aKTHBHOCTh B TKaHSX
nedenu. OOuuii OumupyOrH 1 ero Gpakiuy OnpeessIUCh [0
Mmertonuke Venapamimka ¢ HCIoIb30BaHHEM JAHa30PeaKTHBA.
Bbu1o ycraHOBNIEHO, UTO AEHCTBUE pa3pakuTeei BbI3bIBa-
JI0 yCHJICHHE He(pEePMEHTATHBHOTO CBOOOJHOPAIMKAILHOIO
MCPEKUCHOTO OKHUCIICHHs OuomonumMepoB. [Ipu HemocTaTke
MeJIaTOHUHA BEPOSITHO YBEIMYMIIOCH COACPIKAHHUE TMEHOBBIX
koHbIOraToB Ha 30%, HO MMeNa MECTO TEHIEHIUS K CHH-
JKEHUIO COJICPXKaHMSI MaJIOHOBOro auanbaeruaa Ha 30%.
Takum oOpa3om, HaOMIOAAIOCH YBEIHYEHUE KOHIICHTPALMN
TOJIBKO MEPBUYHBIX MPOAYKTOB IEPOKCUAALMHU, YTO MOXKET
CBU/ICTENILCTBOBATH 00 YCHIICHUH TEPOKCUIALUH B IICYCHH.
[Mox BIMSHMEM IMOBBIICHHBIX /103 MEJIATOHUHA CHIDKAIOTCS
HPOLECCHI IEPOKCUIALIUH, YTO JIOKAa3bIBAIOCh YMEHBILICHHEM
conepxanus MJIA B 1Ba paza, TO-€CTh MEJIATOHUH MPOSIBUJI
ce0st Kak aHTHOKCUIAHT. VcciaenoBaust (yHKIHOHAIEHOTO
COCTOSIHUSI TICYCHU B YCJIOBUSX OKHUCIHUTEIBHOTO cTpecca
HO3BOJIMJIM YCTAHOBUTH B TIEUCHHU IOBBIIICHUE COICPIKAHMUS
JIMCHOBBIX KOHBIOraToB U MJIA (KOTOpBIE XapaKTepu3yloT
MPOLIECCHI MEPOKCUIAIIMK) B 2 pa3a M0 CPaBHEHHUIO C KOHTP-
oJIeM. 3HA4YUT, CTPECCOBBIC CUTYALMU TIPUBOASATH K YCHIICHHIO
HEPOKCU/IALIMH B IIEYEHH,  9TO MOKET CIIOCOOCTBOBATH Pa3HbIM
3a00JICBaHHSIM.

KitroueBble ciioBa: CTpecc; eYeHb; POo- ¥ aHTHOKCHIAHTHBIH
GasaHc.
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