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Taurine is sulfur-containing derivative of methionin and cysteine that plays a key role
in glucose and lipid metabolism. Taurine regulates antioxidant defense system, mem-
brane potential of mitochondria, and glycolysis. Thus, it might have a serious impact on
cell metabolism in mammals. The aim of this work was to study the influence of long-term
per oral taurine treatment (5, 10 and 20 mg/kg) on the antioxidant defense system, cho-
lesterol content, activity of transaminases and lactate dehydrogenase in rat liver. To
achieve that goal, mature Wistar rats (weight 140-160 g, age — 4 months) were divided
in four groups — control, rats which once a day during 28 days were injected drinking
water in esophagus, and three experimental groups, that were injected taurine solution
in concentrations: | — 5 mg/kg, Il — 10 mg/kg and lll — 20 mg/kg of body mass. After
28 days, rats were decapitated under light chloroform narcosis and liver mass was deter-
mined. In liver, content of cholesterol, TBA-active products and activity of antioxidant
defense enzymes, transaminases, and lactate dehydrogenase were measured.

Our results show that after a long-term per oral taurine treatment liver mass de-
creased by 27.5 % comparing to control group. Lactate dehydrogenase activity increased
two times, while the activity of alanine aminotranferase and aspartate aminotransferase in
mitochondrial fraction increased by 40—90 % in liver of animals of all experimental groups.
Total activity of these enzymes in rat liver increased by 20-37 % in all experimental
groups. Cholesterol content increased dy 32.4 % in rats of experimental group Il. This
may indicate intensification of liver metabolism. The content of TBA-active products in
submitochondrial and mitochondrial fractions increased more than two times in rats of
experimental groups Il and lll. The activity of superoxide dismutase in the submitochon-
drial fraction increased by 49.8 and 36.5 % in liver of that rats. The activation of superoxi-
de dismutase and a rise in content of TBA-active products may suggest a rise of free oxy-
gen radicals production and inability of antioxidant defense system. These results may
indicate a negative influence of taurine in doses higher than 5 mg/kg, since the balance
between antioxidant protection and lipid peroxidation processes was violated.
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INTRODUCTION

Liver is a key organ in mammals, that can influence an intensity of energy metabo-
lism of the whole organism [19]. Hepatocytes are main cell type in liver and it is a central
link in biochemical transformations in the energetic metabolism [27]. Taurine that is
a derivative of sulfur-containing aminoacids methionine and cysteine participates in
regulation of liver metabolic activity [26].

Taurine is a component of bile acids that facilitates cholestasis, maintains activity of
antioxidant defense system and electron transport chain [12]. Depletion of taurine re-
sults in a decrease of mitochondria quantity in hepatocytes, increase of peroxidative
stress, and cell membrane damage, hepatocyte apoptosis, and liver fibrosis [4]. Surplus
of taurine has a variable effect on liver metabolism. Per oral treatment of rats diabetic
with taurine in doses 50—-100 mg/kg results in activation of antioxidant defense system
and a decrease in TBA-active products [12]. Treatment of rats with 1 % taurine solution
for 15 days increased the content of TBA-active products and catalase activity in liver
[16]. Per oral treatment for 28 days with taurine in doses 40 and 100 mg/kg increased
lactate dehydrogenase activity and intensified mitochondrial respiration of hepatocytes
[22, 23]. However, lipid peroxidation processes were also increased that resulted in the
increase of TBA content [24]. Increase of AST activity in blood plasm points on hepato-
cyte membrane damage that may be caused by uncontrolled elevation of peroxidation
processes [21].

Thus, it is necessary to indentify optimal doses of taurine that influence liver me-
tabolism without negative consequences. This will enable development new pharmaco-
logical preparations and feed additives containing taurine. The aim of our work was to
study influence of long-term per oral taurine treatment on the activity of liver enzymes of
in mature rats.

MATERIALS AND METHODS

Experiments were carried out using male Wistar rats. The rats were 4 months old
with body mass 140-160 g at the beginning of the experiment. All manipulations with
animals were carried out according to the European Convention “For the protection of
vertebrate animals used for experimental and other scientific purposes” and Ukrainian
Law “On protecting animals of ill-treatment”. Approval for study was obtained from the
Ethics Committe of the Biological faculty of Ivan Franko National University of Lviv
(Ethical Committee Approval, protocol No 8-03 by March 03, 2018). Animals were ran-
domly divided into four groups: one control group (n = 4) and the experimental groups.
During 28 day period, animals were daily injected in esophagus: control group — drin-
king water, group I, Il and lllI-solution of taurine (5, 10 and 20 mg/kg of body weight,
respectively) (n = 4). On 29" day, the animals were decapitated under light chloroform
anesthesia. Liver was extirpated, weighted and homogenized in solution of such compo-
sition: sucrose — 250 mM, EGTA -1 mM, HEPES - 10 mM; pH 7.2 [9]. The homogenate
was centrifuged for 15 min at 1,000 g. After that, supernatant was discarded and centri-
fuged for 20 min at 9,000 g. After second centrifugation supernatant was discarded and
precipitate was resuspended in homogenating solution. In supernatant and resus-
pended precipitate, the activities of transaminases (aspartate (AST) and alanine (ALT)
transaminase A, = 412 nm) were determined according to Reitman and Frankel [6].
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Activity of such antioxidant defense enzymes in mitochondrial and submitochondrial
fraction were measured: superoxide dismutase with nitroblue tetrazolium (SOD;
Aabs = 540 nm; Ul/mg of protein [1]), glutathione peroxidase — with EIman reagent (GPO;
Aaps = 412 nm; umol GSH/minxmg of protein [17]); catalase — with ammonium molibdate
and hydrogen peroxide (CAT; 1, = 410 nm; umol H,O,/minxmg of protein [11]). The
content of TBA-active products was determined using phosphorwolframic and thiobar-
bituric acids (umol/mg of protein [10]) . Protein content was measured using Lowry
method [14]. In supernatant, the activity of lactate dehydrogenase was defined by kine-
tic method (LDH; Ul/mg of protein; &_,, = 340 nm [5]). In the submitochondrial fraction,
cholesterol content was measured by the enzymatic method (A, = 500 nm; umol/mg
of protein [6]).

The inter relations between superoxide dismutase and catalase (SOD/CAT), glu-
tathione peroxidase and catalase activity (GPO/CAT) and superoxide dismutase and
glutathione peroxidase activities (SOD/ GPO) were calculated. Ratio between the activi-
ty of antioxidant defense enzymes and content of TBA-active products was calculated
(index of antioxidant status):

abs

AOD/TBA =

SODxCATxGPO
TBA '

where SOD; CAT and GPO are activities of corresponding enzymes of antioxidant de-
fense, TBA — content of TBA-active products.

The results were analyzed by variation statistics using Microsoft Excel 2010. Re-
sults were presented in the form of arithmetic mean and arithmetic mean error (Mtm),
significance of the data difference was calculated using the paired samples Student
t-test for independent samples [15].

RESULTS AND DISCUSSION

The liver mass in animals of the control group was 8.04+0.48 g. In rats of | and IlI
experimental groups, the liver mass did not differ significantly from the control values
(7.71+£0.46 and 8.37£0.61 g, n = 4). The mass of liver in animals of Il experimental group
was 6.30+£0.34 g that lower by 27.5% (P <0.05, n = 4) than in control.

Literature data showed that a prolonged oral administration of taurine in doses of
40 and 100 mg/kg leads to an increase in the LDH activity in rat liver [23]. It was found
that at lower doses of taurine (5—20 mg/kg), the activity of this enzyme increased by
1.65-2 times compared to control (Table 1).

Cholesterol content in liver of | and Il experimental groups did not differ from the
control indicators, and in the Il experimental group it was 32.4% higher than in the con-
trol group. It was found that taurine increased bile acid content in liver [13]. It is likely
that an increase in cholesterol content is due to the intensification of bile acid synthesis.
In addition, an increase in the LDH activity in rat liver leads to an increase in concentra-
tion of pyruvate, that can be used for synthesis of cholesterol [18].

Total activity of AST in animals liver in the | and Il experimental groups was higher
by 21.4 and 19.7% than in the control group. The activity of the mitochondrial form of
AST (mAST) was higher by 93.3 and 80.0% compared to control. Despite the fact that
in the liver of rats of the Il experimental group the activity of AST remains on the control
level, the activity of its mitochondrial isozyme was higher by 83.3%, and the cytoplas-
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mic one was lower by 20.6% than in the liver of animals of the control group. Thus, the
total activity of AST in the liver of rats of all experimental groups was increased by one
to the activity of mAST (Fig. 1).

Table 1. Biochemical parameters in rat liver during long-term taurine treatment

Tabnuys 1. BioxiMi4yHi NOKa3HMKKU NeYiHKU LWypiB 3a TPUBANoro BBeAeHHs TaypuHy

Control I (56 mg/kg) I (10 mg/kg) 11l (20 mg/kg)
LDH, Ul/mg of protein 2.73+0.33  5.79+0.37***  4.53+0.36***  5.14+0.41***
Cholesterol content, 60.442.7 69.9+4.0 91.948.3*  68.146.7
umol/mg of protein
AST, ucatal/mg of protein 0.217+0.005 0.239+0.004* 0.244+0.004** 0.210£0.009

CAST, pcatal/mg of protein  0.187+0.007  0.181+0.002 0.187+0.06  0.155+0.006*
mAST, pcatal/mg of protein  0.030+£0.001 0.058+0.004** 0.054+0.004** 0.055+0.003**
ALT, ucatal/mg of protein 0.229+0.008 0.314+0.007*** 0.293+0.016* 0.253+0.006
CALT, pcatal/mg of protein ~ 0.184+0.007 0.234+0.007** 0.229+0.016™* 0.193+0.005

mALT, pcatal/mg of protein  0.045+0.003 0.080£0.006** 0.064+0.002** 0.061+0.001*

Comments: here and below * — statistically significant difference compared to values of the control group with
P<0.05; ** — with P<0.01; *** — with P<0.001

MpumiTkn: TyT i gani * — CTaTUCTUYHO BIpOriAHa Pi3HMLA LLOAO MOKa3HUKIB KOHTponbHOI rpynu 3 P<0,05;
** -3 P<0,01; *™* -3 P<0,001
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Fig. 1. The effect of long-term oral administration of taurine on percentage of mitochondrial (mAST) and cy-
toplasmic (cAST) isozymes activity of aspartate aminotransferase on the background of changes in
the total activity of AST (tAST)

Puc. 1. Bnnue TprBanoro nepopanbHOro BBeAEHHS TaypyHy Ha BiACOTKOBE CMiBBIOHOLIEHHS aKTUBHOCTEN
i303MmiB MiToxoHApiansHoT (MACT) Ta umMTtonnasmatuyHoi (WACT) acnapTatamiHoTpaHcdepas Ha Thi
3MiHuW 3aranbHoi akTueHocTi ACT (3ACT)
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Elevated mAST activity indicates an increase in the aspartate and a-ketoglutarate
synthesis. In its turn, o-ketoglutarate can be included in the Krebs cycle or used as
a co-substrate in the cytoplasmic oxygenase reactions [25].

The total ALT activity was increases by 37.1 and 28.0 % in rat liver of | and Il ex-
perimental groups, respectively. The activity of cytoplasmic isozyme was increased
(CALT, by 27.2 and 24.5 %), and of the mitochondrial isozyme (mALT, by 77.8 and
42.2 %, respectively, Table 1). Although the activity of ALT was not increased in liver of
animals of lll experimental group, the activity of its mitochondrial isozyme was increased
by 35.6 %. An increase of the total activity of ALT in the | and Il study group was due to
growth of mALT (Fig. 2). In Il experimental group, the ratio between isozyme activity
remained unchanged.
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Fig. 2. Change in ratio between isozyme activity of mitochondrial (mALT) and cytoplasmic (cALT) alanine
aminotransferase on the background of a change in total activity ALT (tALT) after a long-term per oral
injection of taurine

Puc. 2. 3miHa BiACOTKOBOrO CNiBBiAHOLLEHHS aKTUBHOCTEW i303UMIiB MiTOXOHApianbHoi (MAJT) i uuTonnasma-
TnyHoi (WAJT) anariHamiHOTpaHcdepas Ha Tni 3miHy 3aranbHoi aktusHocTi AJNT (3AJ1T) 3a Tpmano-
ro NepoparnbHOro BBEAEHHS TaypuHy

An increase in mALT activity in animals of all experimental groups indicates an in-
tensification of the production of pyruvate and glutamate [2]. Glutamate is used in mito-
chondria as a substrate for transamination and formation of aspartate [7]. Pyruvate is
oxidized by the pyruvate dehydrogenase and is included into Krebs cycle, or into syn-
thesis of cholesterol, or glucose in the hepatocyte cytoplasm [8]. The latter is less likely,
since in animals of all experimental groups the concentration of glucose in blood was
lower than in control animals [20]. Increased concentration of pyruvate can intensify the
rate of Krebs cycle reactions and increase the transport of electrons in the respiratory
chain. This caused intensification of peroxide lipid oxidation and increased activity of
antioxidant enzymes [18].

It was shown that oral treatment with taurine for 28 days in doses of 40 and 100 mg/
kg increased the activity of SOD in rats liver [24]. An injection of taurine in esophagus in
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10 and 20 mg/kg doses during the same period increased the activity of SOD in the
submithohondrial fraction of rat liver by 49.8 and 36.5 % (Table 2). The activity of GPO
and KAT in the submithohondrial fraction of liver remained at the control level in animals
of all experimental groups. Nevertheless, the GPO/ CAT ratio decreased equally — by
10.6 % —in rats in the | and |l experimental groups, that may indicate an increase in
production of the hydrogen peroxide. The growth of SOD activity in the submithohon-
drial liver fraction of 1l and Il experimental groups led to an increase by 40 and 46.7 %
of SOD / KAT ratio and by 55.9 and 48.4 % of the SOD / GPO ratio. That might may
indicate an increase in the production of superoxide anion radical. Despite an increase
in SOD activity, the content of TBA-active products increased 2.8 and 3.0 times in rats
of the Il and Ill experimental groups. A 2-3 times decrease of AOD/TBA coefficient in
rats of these groups indicates an inability to utilize formed free oxygen radicals. In the
submitochondrial fraction of rat liver of | experimental group, the content of TBA-active
products was 21.1 % lower than in the control. This may suggest that in low doses tau-
rine inhibits lipid peroxidation in rat liver, and in high doses - it intensifies it. The latter
might by a result of intensification of oxidative metabolism that leads to the activation of
superoxide dismutase [18].

In the mitochondrial fraction of all experimental group rats, the activity of SOD and
CAT remained at the control level. In animals of | experimental group, GPO activity was
20.4 % higher than in control. At the same time, the content of TBA-active products in-
creases by 2-2.5 times and AOP/TBC ratio reduced by 75.4 and 37.6 % in liver of the
mitochondrial fraction of animals of the Il and Il experimental groups. This indicates an
increase in the processes of lipid peroxide oxidation, releasing oxygen free radicals,
and, possibly, the intensification of transport of electrons through the respiratory chain.
In liver mitochondrial fraction of 1l experimental group rats, the HPA / CAT ratio reduced
by 25.0 % that may indicate an increased production of H,0,,.

Consequently, a long-term oral treatment of taurine at 5-20 mg/kg doses led to in-
creased the activity of LDH in liver. This may indicate an increase in the production of
lactate by other tissues, since liver is a central organ where lactate is transformed into
pyruvate [13]. In turn, pyruvate which is produced by LDH in liver, can be used for syn-
thesis of cholesterol or be included in Krebs cycle, thus, increasing concentration of
NADH* and FADH, [18] (Fig. 3).

/ ALT Abthdeant defense

mt: LDH—> Metabolism TBA-actlve products
AST/

Cholecterol

Fig. 3. Possible effect of long-term taurine treatment on metabolism of rat liver (the inseparable line shows
the intensification, and the dotted line — inhibition)

Puc. 3. Moxnueuii BNnnB TpMBarnoro nepopanbHOro BBEAEHHS TaypuHy Ha MeTaboniam neviHku LwypiB (He-
PO3PUBHOIO MiHIEID MOKa3aHO iHTEHCUIKALt0, a MyHKTUPOM — iHribyBaHHS)

An increase in mAST activity may also intensify metabolism as a-ketoglutarate is
synthesized. It may be included in the Krebs cycle or transported from the mitochondria
into the cytoplasm and used for oxygenase reactions [3]. The latter partly explains the
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Table 2.

Influence of long-term tauirne treatment on antioxidant defense in rat liver

Tabnuys 2. BnnuB TpuBanoro BBeAEHHS TaypuHy Ha aHTUOKCUAAHTHWUMN 3axXUCT MEYiHKu

wypis

Parameter

SOD, Ul/mg of protein

GPO, pmol GSH/minxmg
of protein

CAT, umol H,0,/minxmg
of protein

TBA-active products,
mmol/mg of protein

SOD/CAT, Ul
SOD/GPO, Ul
GPO/CAT, Ul
AOD/TBA, Ul

SOD, Ul/mg of protein

GPO, pmol GSH/minxmg
of protein

CAT, umol H,0,/minxmg
of protein

TBA-active products,
mmol/mg of protein

SOD/CAT, Ul

SOD/GPO, Ul

GPO/CAT, Ul
AOD/TBA, Ul

Control

Submitochondrial fraction

2.19+0.26

0.230+0.014

14.94+0.76

0.147+0.007

0.15+0.02
9.52+1.11
15.5£0.2
53.33+£10.13

Animal group

| (5 mg/kg)

2.36x0.17

0.214£0.015

15.75+0.52

0.116+0.007*

0.15+0.01
10.85+0.03

13.8+0.2*
69.81£3.60

Mitochondrial fraction

0.39+0.03

0.054+0.002

2.21+0.08

0.047+0.001

0.18+0.01
7.11+0.35

0.025+0.001
1.00+0.12

0.45+0.03

0.065+0.004*

2.67+0.21

0.045+0.004

0.17+0.01
6.80+0.24

0.025+0.001
1.76+0.23*

11 (10 mg/kg)

3.28+0.10**

0.218+0.006

16.02+0.11

0.593+0.032*

0.21+0.01*
14.84+0.63**
13.8+0.2*

19.77+1.24*

0.45+0.03

0.056+0.003

2.48+0.11

0.112+0.008**

0.18+0.01
8.06+0.24

0.023+0.001
0.57+0.05*

Il (20 mg/kg)

2.99+0.10*

0.214£0.015

13.94+0.70

0.568+0.040*

0.22+0.01*

14.13+1.26*
15.65x1.0

15.81+2.43*

0.39+0.03

0.060+0.001

2.29+0.06

0.093+0.005**

0.13x0.01
6.58+0.61

0.020+0.001**
0.727+0.03*

increase in the content of TBA-active products in the submithohondrial fraction, as su-
peroxide anion is released during the oxidation of the substrates. In addition, the eleva-
tion of a-ketoglutarate synthesis may result in the increase of mALT activity [2].

In conclusion, long-term per oral taurine treatment in dose 5 mg/kg for 28 days
resulted in transaminase (AST and ALT) and LDH activity rise. That might led to inten-
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sification of liver metabolism. After treatment with taurine solution in doses 10 and
20 mg/kg, the activity of transaminases and LDH were higher than in control, and the
content of TBA-products was increased.
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AKTUBHICTb EH3UMIB MNMEYIHKUA CTATEBO3PIIUX LLYPIB
3A TPUBATIIOIO NEPOPAJIbHOIO BBEAEHHA TAYPUHY
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TaypuH — cipkoBMiCHa MoxigHa METIOHIHY i LUMCTEIHyY, WO BiAirpae Kro4oBy porib
y meTaboniami rnokosu Ta ninigie. Biaomo, Wo TaypuH peryrnoe akTUBHICTb aHTUOKCK-
OaHTHOI cMcTeMU, MEMOpPaHHWI MOTEHLan MITOXOHAPIW i rmikoni3. Takum YMHOM, Tay-
PVH Bigirpae Kno4oBy porb y MeTaboniami KniTuH opraxiamy ccaBuis. Metoto poboTu
Oyno gocnignTy BNAMB TPUBAroro nepoparnbHOro BBe4eHHS TaypuHy gosamm 5, 10 Ta
20 Mr/kr Ha CTaH aHTMOKCUOAHTHOrO 3aXMCTY, BMICT XONECTEPUHY, aKTUBHICTb EH3UMIB
TpaHcaMiHyBaHHS Ta nakTatgerigporeHasu y nediHui wypis. [na gocarHeHHs mMeTu cTa-
TeBO3pinunx camuis LWypis niHii Wistar (macoto 140-160 r Ta Bikom 4 micsaui) po3ginanu
Ha YOTMPW TPYNN — KOHTPOMbHY, SKUM NpoTArom 28 fib WoaeHHO BBOAMIN Y CTPaBOXia
NUTHY BOAY (KOHTPONb), Ta TPU AOCHIAHI, SKMM BBOAMIM TaypuH y gosax: | gocnigHa —
5 wmr/kr, Il pocnigHa — 10 mr/kr i lll gocnigHa rpynn — 20 mr/kr macu Tina. Y neviHui wypis
BM3Ha4Yanu: Macy, akTUBHICTb €H3MMIB aHTMOKCUOAHTHOrO 3axuCTy, TpaHCaMiHyBaHHS,
nakrartgerigporeHasu, BMiCT xonecTtepuHy i TBK-akTMBHMX NpOAyKTiB.

Y pesynberati JocnigXeHb BUSBIEHO, WO TpyBane nepopasnbHe BBEAEHHS TaypuHy
NPMBOAMUTL OO0 3HWXKEHHS Macu nediHku Ha 27,5 % y wypis |l gocnigHoi rpynu. AKTuB-
HICTb NakTaTaerigporeHasn 3pocTae y ABa pasu Ta MiToOXoHApianbHUX eH3UMIB TpaHca-
MiHyBaHHSA — Ha 40-90 %, y TBapwH ycix gocnigHux rpyn. 3aranbHa akTUBHICTb acnap-
TaT i anaHiH amiHoTpaHcdepas 3pocTtae Ha 20-37 % y BCix JocnigHuX rpynax. Y TBapuyH
[l pocnigHoi rpynn Ha 32,4 % 3pocTae BMICT xonecTepuHy. Lle moxe BkasyBaTu Ha iH-
TeHcudikauito metaboniamy nediHkn. BogHouac y 1l Ta lll gocnigHmx rpynax 3pocrtae
y 6inbL sk yaBivi BMiCT TBK-akTMBHMX NpogyKTiB y cybMiTOXOHAPIanbHin i MiTOXOHAPI-
anbHin dpakuii. AKTUBHICTb CynepoKcuaaMcMyTasn y cybmiToxoHapianbHin dpakuii —
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3pocTtae Ha 49,8 i 36,5 %. AKTMBaLia CynepoKCMAAMCMYTa3n Ta 3pocTaHHs BMicTy TBK-
aKTMBHUMX NPOAYKTIB MOXE BKa3yBaTW Ha 3pOCTaHHS NPOAYKLiT BiflbHUX pagukarniB oOKcu-
reHy i HeagaTHICTb aHTMOKCUOAHTHOI CUCTEMU 3aXUCTY yTunisysatu ix. Hawi pesynbra-
TV MOXYTb CBIiQUYNTW NPO HEraTUBHUIM BASNB 403 TaypPUHY, BULLIMX, HiXK 5 MI/KT, OCKiNbKM
nopyLwyeTbcsl BanaHc MK aHTMOKCMOAHTHUM 3axMCTOM i mpouecamu nepoKCUOHOro
OKWCHEHHS ninifiB.

Knrodoei cnnoga: Luypw, neviHka, aHTUOKCUOAHTHUI 3aXUCT, TaypyH, NakTaTaerigpo-
reHasa, eH3MMUn TpaHCaMiHyBaHHS
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