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The objective of this study was to evaluate the effects of aflatoxin B1 (AFB1) on the
process of lipid peroxidation and activities of superoxide dismutase (SOD) and glutathione
peroxidase in rat liver, kidney, brain and erythrocytes in the conditions of acute intoxication.
The results of investigation show, that TBARS (thiobarbituric acid reactive substances) con-
centrations increased significantly during the 14-day period after intraperitoneal injection of
AFBI (in a dose 0.5 mg/kg body weight) in all analyzed cells. The activities of SOD and
glutathione peroxidase decreased in rat organs and in erythrocytes dependently on cell type
and time after administration of AFBI1. It can be concluded that AFB1 is capable to induce
the development of oxidative stress due to the stimulation of lipid peroxidation and inhibi-
tion of antioxidant enzyme activities in rat liver, kidney, brain and erythrocytes.

Keywords: aflatoxin B1, mycotoxin, lipid peroxidation, TBARS, antioxidant sys-
tem.

Aflatoxins are the secondary metabolites, produced by some fungal species of the genus
Aspergillus (primarily by A4. flavus and A. parasiticus) [8]. Humans and farm animals can be ex-
posed to aflatoxins mainly through consumption of contaminated foods and feeds. Inhalation of
grain dusts, or skin contact with mold-infested substrates are another possible routes of aflatoxins
entry into the organism [11, 30]. Aflatoxins are highly toxic, immunosuppressive, mutagenic,
carcinogenic and teratogenic compounds [1, 11, 30]. Aflatoxin B1 (AFBI1) is the most common
and hazardous substance in this group, having the liver as its primary target organ [15, 25]. Apart
to the liver, AFBI1 also affects other organs in animal and human body [1, 29, 30].

Intoxication of both animals and humans by aflatoxins can be acute or chronic depending
on the dose and duration of exposure. Prolonged low-level exposure to aflatoxins, in particular
to AFBI, is associated with impaired growth, reduced feed intake and poor assimilation of nutri-
ents, immunologic suppression, and increased risk of liver cancer incidence [14, 24, 30]. Acute
aflatoxin poisoning can also occur in humans and domestic animals [11, 22]. Acute intoxication
can result in aflatoxicosis, which manifests as severe hepatotoxicity [22]. While the liver is the
principal organ affected, kidney, brain and other organs can also be impacted in animals suffering
of aflatoxicosis [9, 18, 19].

Aflatoxins were shown to induce formation of reactive oxygen species (ROS) in a variety
of cells [15, 29]. It is known that under oxidative stress conditions, excessive ROS can interact

© Amnronsk I'., Omiitnuk X., Kosans H. Ta in. 2015



I. AHmoHsik, X. OniliHuk, H. Kosanb ma iH.
42 ISSN 0206-5657. BicHuk JlbBiBCcbKkoro yHiBepcutety. Cepis 6ionoriyHa. 2015. Bunyck 69

with biomolecules (lipids, proteins and DNA), leading to metabolic disturbances and damages of
cellular components [27]. Oxidative stress may contribute to aflatoxin-induced cytotoxicity and
other pathological lesions observed in aflatoxicosis [15, 29]. However, susceptibility of cellular
antioxidant defense system to aflatoxin poisoning was not investigated completely. The aim of
this study was to research an influence of AFB1 on the processes of lipid peroxidation and activ-
ities of the enzymes of antioxidant system in the cells of liver, kidney and brain, as well as in the
erythrocytes of albino rats in the conditions of acute intoxication.

Materials and methods

Adult male albino rats (150-170 g body weight) were used in the experiments. Animals
were maintained at the vivarium conditions at 23°C under 12:12 h light : dark cycle. The rats
were fed by a standard laboratory diet with free access to drinking water. Animals were randomly
divided into two groups: control (n=10) and experimental (n=10). The rats of experimental group
were exposed to aflatoxin by a single intraperitoneal injection of AFB1 (dissolved in olive oil)
in a dose 0.5 mg/kg body weight (1/12 LD, ). Animals of control group were injected with an
equivalent volume of olive oil.

Five rats of experimental group and five control rats were sacrificed on the 7th day after
injection of AFB1, and the remaining ten (5 experimental and 5 control animals) were sacrificed
on the 14th day after AFB1 administration. Animals were killed by rapid decapitation after in-
halation anesthesia accordingly to the regulations for euthanasia of animals used for scientific
purposes [10].

At the time of sacrifice, blood samples were collected into heparinized test tubes, plasma
was separated by centrifugation at 3 000 x g for 15 min. Buffy coat was removed by aspira-
tion. Erythrocyte pellet was washed three times with 10 volumes of 0.85% NaCl by centrifuging
suspension every time at 2 500 x g for 5 min. The erythrocytes were then lysed by two freez-
ing-thawing cycles [7]. After diluting the suspension by the addition of three volumes of ice-cold
double distilled water, it was centrifuged at 6 000 x g for 30 min on a refrigerated centrifuge to
remove the stroma, and the supernatant (hemolysate) was collected.

Fresh organs (liver, kidney, and brain) were removed from euthanatized animals, cooled
to the temperature 1-4°C in physiological saline, and dried with filter paper. The organs were cut
into small pieces and homogenized using an MPW-324 homogenizer in 0.05 M tris-HCI buffer
(pH 7.5) with addition of 0.25 M sucrose. The ratio of tissue mass to the volume of buffer solution
was 1:9. The samples were then centrifuged in a refrigerated centrifuge at 10 000 x g for 30 min,
and supernatant was used for analysis.

The intensity of lipid peroxidation (LPO) was estimated spectrophotometrically by thio-
barbituric acid test, measuring the production of thiobarbituric acid reactive substances (TBARS)
[4]. Superoxide dismutase (SOD, EC 1.15.1.1) activity was determined using the method, elabo-
rated by Nishikimi et al. with modifications [2, 20]. Glutathione peroxidase (EC 1.11.1.9) activ-
ity was determined by measuring the rate of reduced glutathione (GSH) oxidation by tert-butyl

hydroperoxide [3]. Protein concentrations in cell homogenates and red blood cell hemolysates
were determined by the method of Lowry el al. [17].

The results, processed as means £+ S.D. were analyzed using Student’s test to determine
the significance level.

Results and discussion
According to experimental data, exposure to AFB1 leads to intensification of the lipid
peroxidation processes in rat liver, kidney and brain, as wells as in rats erythrocytes. As shown in
Figure 1, the levels of LPO products, measured as TBARS, increased significantly in liver, kidney
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and brain homogenates of experimental group animals during the 14-day period after AFB1 injec-
tion. The most considerable differences (P<0.001) in the concentrations of TBARS in mentioned
organs (2.2-fold in liver and kidney, and 2.4-fold in brain) were observed on the 14th day of
experiment compared with the levels seen in control group. Similar changes in TBARS concen-
trations were revealed in the erythrocytes of AFB1-injected rats. This index gradually increased
(P<0.05) from 13.50+0.80 nmol/g hemoglobin (in control group) up to the level of 18.09+1.27

nmol/g hemoglobin on 14th day after toxin exposure (not shown in Fig. 1).
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Fig. 1. Effects of aflatoxin B1 on TBARS concentrations in liver, kidney and brain homogenates (*, *** —
statistically significant differences between control and experimental groups of animals: *— P<0.05;

% P<0.001).

The stimulatory effects of AFB1 on the processes of lipid peroxidation in the analyzed
organs and cells in this experiment could be due to AFBl-induced intracellular formation of
reactive oxygen species [15, 29].

As known, under physiological conditions ROS are usually neutralized by cellular defense
systems, which include antioxidant enzymes and non-enzymatic antioxidants [12, 27]. The en-
zymes of antioxidant system such as superoxide dismutase and glutathione peroxidase are known
to scavenge ROS and protect the cells against deleterious consequences of lipid peroxidation [5,
6]. In order to evaluate the dynamics of mentioned enzymes activity changes in the conditions
of acute intoxication by AFBI the following stage of our experiment was aimed to evaluate the
activities of SOD and glutathione peroxidase in the liver, kidney, brain and erythrocytes of the
rats of experimental group.

The study results show different effects of AFB1 on the antioxidant system enzymes ac-
tivities, largely depending on the investigated organ or cell type. The activity of superoxide dis-
mutase in liver and brain homogenates, as well as in erythrocytes decreased on the 7th day after
injection of AFB1 (P<0.05-0.01), while SOD activity in the kidney was unchanged on this stage
of experiment (Fig. 2). On the 14th day after AFB1 administration SOD activity in all investi-
gated cells of animals of experimental group decreased of 53—67% compared to control values
(P<0.05-0.01).

The changes in glutathione peroxidase activity in the rats erythrocytes of experimental
group resembled the dynamics of superoxide dismutase, with significant decline (P<0.001) on
the 7th and 14th day after exposure to AFB1 (Fig. 3). The enzyme activities in liver and brain
homogenates decreased on the 7th day (P<0.05), but returned to the control level on the 14th
day after AFBI injection. At the same time, glutathione peroxidase activity was unaltered in rats
kidney during the whole experimental period.
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Fig. 2. Superoxide dismutase activity in liver, kidney and brain homogenates, and erythrocytes of AFB1-
injected and control rats (¥, ** — statistically significant differences between control and experimental
groups of animals: *— P<0.05; ** — P<0.01).
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Fig. 3. Glutathione peroxidase activity in liver, kidney and brain homogenates, and erythrocytes of
AFBl-injected and control rats (*, *** — statistically significant differences between control and
experimental groups of animals: *— P<0.05; *** — P<0.001).

Considering the results of this study, we can conclude, that acute exposure of animals to
aflatoxin B1 results in stimulation of lipid peroxidation in the liver, kidney, brain and erythro-
cytes. The data concerning the elevated levels of LPO products in the cells of AFB1-administered
rats are in agreement with the findings regarding to the stimulatory effects of AFB1 on intracel-
lular formation of reactive oxygen species [15, 29].

It has been shown that lipid peroxidation induces disturbance of cellular membrane orga-
nization and leads to alteration of integrity and functional failure of membrane constituents [12].
Further, the end products of LPO are cytotoxic and mutagenic, capable to modify biologically
essential molecules such as proteins and DNA bases, and to affect the affinity of hemoglobin for
oxygen [21]. Thus activation of lipid peroxidation processes as well as excessive formation of
ROS and LPO products can be accompanied by cell damage and can have harmful consequences
to many cellular functions depending on the cell type [12, 27].
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Under such circumstances, the activities of superoxide dismutase and glutathione peroxi-
dase are important indices, which show the defensive potencies of the cells. Superoxide dismutase
protects the cells from oxidative damage by breaking down a potentially hazardous free radical
superoxide (O,”) to hydrogen peroxide (H,0,) and molecular oxygen [6]. Glutathione peroxidase
is known to be involved in detoxication of the produced hydrogen peroxide, and can interact with
lipid peroxidation by decomposing the lipid hydroperoxides to corresponding lipid alcohols [5].

However, according to results of this study, the activities of SOD and glutathione peroxi-
dase were inhibited at different stages of the experiment in the cells of AFB1-administered rats.
The most marked changes were revealed in erythrocytes, in which significant decrease in the
activities of mentioned enzymes was observed during the 14-day period after injection of AFBI.
Because of considerable inhibition of key antioxidant enzymes and incapability of these cells to
synthesize enzyme molecules, the erythrocytes could be especially susceptible to AFB1-induced
oxidative stress. Therefore metabolic damage in erythrocytes, caused by intensified lipid per-
oxidation, could be associated with membrane destruction and impairment of oxygen transport
function. In particular, consumption of aflatoxin-contaminated feed cause hemolytic anemia in
chickens [26]. The mammalian species (dogs, rabbits, pigs, cattle) often suffer from anemia,
caused by aflatoxin intake [28].

The adverse consequences of inhibition of antioxidant enzymes, particularly in the initial
period of intoxication (7 days after injection of AFB1) could be also evident in the liver and brain
of experimental group rats. The available data suggest that ROS formation and stimulation of
LPO processes are implicated in the mechanisms of AFB1-induced hepatotoxicity [15] and in the
neurological signs associated with aflatoxicosis in animals [9, 13].

At the same time, the activities of antioxidant enzymes in rats kidney were less susceptible
to the inhibitory influence of AFB1 in comparison to other organs analyzed in this study. Unal-
tered activities of SOD and glutathione peroxidase in rat kidney on the 7th day after injection of
AFBI1 could be one of the features that might determine the resistance of kidney cells to the toxic
effects of AFB1 metabolites [16, 23].

The results of this investigation show that AFB1 exhibits stimulatory effects on the pro-
cess of lipid peroxidation, and adversely affects the activities of SOD and glutathione peroxidase
in the cells of rat organs as well as in erythrocytes. The revealed effects suggest the capability
of aflatoxin B1 to induce the development of oxidative stress in animal cells. However the sen-
sitivity of antioxidant enzymes to AFB1 in rat liver, kidney and brain is different, that probably
depends on specificity of cellular metabolism and duration of period following the administration
of AFBI.
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BIIJINB A®JIATOKCHUHY B1 HA ITPOLIEC TIEPOKCHUJHOI'O OKUCHEHHS
JIIIAIB I AKTUBHICTb EH3UMIB AHTUOKCUIAAHTHOI'O 3AXUCTY B
OPTAHAX TA EPUTPOIIMTAX II[YPIB
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Mertoro pocmipkeHHss Oynmo BuBYMTH BIUMB admarokcuny Bl (AFB1) Ha
MpoIiec MEePOKCHIHOTO OKHCHEHHS JIMiAiB 1 akTWBHICTH cymepokcupaucmyTasu (COL)
Ta TIyTaTIOHMEPOKCHIAa3W B MEYiHIl, HUPKAX, MO3KY M EpHUTpOIMTaX IIypiB 3a YMOB
rocTpoi iHTOKcHKamii. Pesympratm nocmikeHHA CBigyath, 1m0 KoHueHTpamis TBK-
PCaKTHBHUX NPOAYKTIB 3HAYHO IIJIBUILYEThCA BIPOMOBXK 14-m000BOrO mepiomy micis
BHyTpimHb0uepeBHOro BBeaeHHs AFB1 (B 1031 0,5 Mr/kr mMacu Tina) y BCiX aHaJTi30BaHHX
opranax i epurpouutax. AxtuBHiCTH COJ] 1 TIyTaTioHMEpOKCHAA3W 3MEHIIYBanacs B
opraHax i epUTPOILUTAX LIypPiB 3aJE€KHO Bl THITy KJIITHH Ta yacy micis BBeneHHs AFB1. 3
OTPHMaHHX PE3YJIBTaTiB MOXKHA 3pOOUTH BUCHOBOK, 1110 adiaToKCHH B 1 3naTHui iHIyKyBaTH
PO3BHTOK OKHCHOTO CTpECy 3a PaXyHOK CTUMYJISILIi MEPOKCHUIHOTO OKMCHEHHS JTiIiJiB Ta
iHT10yBaHHS aKTHBHOCTI aHTHOKCHJIAHTHUX ()EPMEHTIB Y KIITHHAX TE€4iHKH, HUPKH, MO3KY
1 B epUTPOLIUTAX LIYPiB.

Knrouogi cnosa: adnarokcun Bl, MIKOTOKCHH, MEPOKCHIHE OKHCHEHHs IiMifiB,
TBK-peakTuBHI OPOAYKTH, aHTHOKCH/IAHTHA CUCTEMA.
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BJIMAHUE ADJIATOKCHUHA B1 HA ITPOLECC NEPEKNCHOI'O OKUCJIEHUA
JUIUI0B U AKTUBHOCTb SH3UMOB AHTUOKCUJAHTHOM 3AIIUTHI B
OPTAHAX U OPUTPOLIUTAX KPBIC
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Hempto uccnenoBanuss ObUT0 W3yuynTh BiusHHE adnarokcmHa Bl (AFB1) na
MpoIIecC MEPEKUCHOTO OKHCICHUS JHITUI0B U aKTUBHOCTH cynepokcuaaucmyTassl (COL)
U TIyTaTHOHNEPOKCHAA3Bl B TEUCHH, MOYKAX, MO3TE M JIPHUTPOLHUTAX KPHIC B YCIOBHUSIX
OCTPOIl MHTOKCHKalMU. Pe3ynbraTbl mcciiefoBaHMs MOKas3aiu, uyTo koHueHTpauus THK-
PEAKTHBHBIX NMPOAYKTOB 3HAUUTENHHO YBEIMUMBACTCS B TeUeHHE 14-CyTOYHOrO mepuona
nocne BHyTpuOpromHoro BeeaeHuss AFB1 (B mosze 0,5 Mr/kr maccel Tena) BO BCex
aHAJTM3UPOBAHHBIX OpraHax u 3putpormrax. AKTuBHOCT, COJl M ITyTaTHOHIEPOKCHIa3hI
YMEHBIIANach B OpPraHaxX M 3PUTPOILUTAX KPBIC B 3aBHCHMOCTH OT THIIA KJIETOK U BPEMEHH
nocne BBegeHuss AFB1. M3 momydeHHBIX pe3ynbTaTOB MOKHO CHETAaTh BBIBOZA, YTO
admarokcud Bl crmocobeH WHAYyHHpOBAaTh pa3sBUTHE OKUCIUTEIBHOTO CTpecca 3a CYeT
CTUMYIISIINH TIEPEKUCHOTO OKUCIICHUS JINMNA0B U HHIMONPOBAaHHS AKTUBHOCTH (DEPMEHTOB
AQHTHOKCHAAHTHOH CHCTEMBI B KJIETKAaX MEYEHH, TIOYKH, MO3Ta U B IPUTPOIUTAX KPBIC.

Kniouesuie cnosa: apnaroxcun B1, MUKOTOKCHH, TEPEKUCHOE OKUCIIEHHE JIUMU/IOB,
TBK-peakTuBHbBIE TPOTYKTHI, AHTHOKCHIAHTHAS CHCTEMA.



