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Abstract. Biochemical techniques were used to investigate the development of hepatotoxic effects caused
by single exposure to crude oil (CO, 3.0 ml/kg) and ciprofloxacin (CFX, 200 mg/kg) in male rats. The
results showed that hepatic P-450 content in crude oil exposed groups induced after 1 day to 4 fold and
reached maximum 7.6 fold after 2 day compared with control and then fell to first day degree. CFX exposed
group significantly inhibit the hepatic P-450 while in crude oil and CFX co-exposed group it induced but
in lesser degree than that of crude oil alone. Inhibition of cytochrome P-450 has no effect on the activity
of lipid peroxidation (LPO) while its activation latter was caused by elimination of the inhibitor from the
body and delayed activation of cytochrome P-450. Single exposure of both crude oil and CFX lead to
destructive changes in liver cells and inhibition of CYP-450 by ciprofloxacin could not protect against lipid

peroxidation induced by crude oil.
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Introduction

Kazakhstan has the second largest oil reserves
among the former Soviet republics after Russia and
therefore the problem of pollution of the territory
by crude oil is one of the main ecological problems
of Kazakhstan [1-3]. Crude oil derived from crude
petroleum contains complex mixture of chemicals,
varying widely in composition of hydrocarbons and
hydrocarbon like chemicals [4, 5]. Crude oil also
contains some trace elements like vanadium, nickel,
iron, aluminium, copper, and some heavy metals
like lead and cadmium [6].

Unfortunately many of compound of crude
oil are highly toxic and cancer causing. The most
hazardous components of crude oil are aromatic
compounds as like benzene [7]. One of cause of
toxicity of crude oil is the process of metabolism
in which the metabolite of a compound is more
toxic than the parent chemical. The first step in the
metabolism of petroleum by vertebrates is oxidation,
catalyzed by the cytochrome P-450 monooxygenase
system. There are numerous isoforms of cytochrome
P-450 which is induced by crude oil. Some isoforms
of cytochrome P-450 binds and activates oxygen
and the generated reactive oxygen species is inserted

into the petroleum hydrocarbon [8]. A number of
studies found that aromatic hydrocarbons trigger
the induction of cytochrome P-450 1A proteins
via an intracellular aryl hydrocarbon receptor (Ah-
R), predominantly found in liver but also in extra-
hepatic tissues [9]. However, the role of this isoform
of cytochrome P-450 in the development of toxic
effects of the influence of oil is not sufficiently
investigated and requires further research. So, the
purpose of present study is to examine the hepatoxic
effects caused by single exposure to crude oil and/
or ciprofloxacin (CFX) in male albino rats and if
the toxic effects of crude oil could be changes by
ciprofloxacin, specific inhibitor of CYP-450.

Materials and methods

Alanine amino transferase (ALT), Aspartate
amino transferase (AST) and Total protein kits were
obtained from Vital Diagnostics (Saint-Petersburg,
Russia). Other chemicals were obtained from high
commercial company (Almaty, Kazakhstan). Fresh
crude oil was obtained from the oilfield Biikzhal
(western Kazakhstan).

Adult male albino rats in the weight range
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of 250-300 g used in this study were obtained
from the Animal House, Faculty of Biology and
Biotechnology — Almaty — Kazakhstan, and were
acclimatized for 3 weeks before putting them
into different treatments. Animals were randomly
assigned into four groups of 20 animals each. Animals
of group I served as control while animals of groups
IL, 111, IV injected intraperitoneal once with (crude
oil at a dose of 3.0 ml/kg bw, ciprofloxacin (CFX)
at a dose of 200 mg/kg bw and crude oil + CFX at
the same doses as in groups Il and III for crude oil
and CFX) respectively. CFX administration on the
forth group was one hour after crude oil injection.
Throughout the experiment, animals were housed
in plastic cages placed in a well-ventilated rat
house, provided with rat pellets (protein 21%, fat
6.78%, fiber 3.26%, salts and vitamins) and water
ad libitum, and subjected to natural photoperiod of
12/12 h light-dark, constant temperature: 19-20
OC. Four animals from each group after giving light
ether anesthesia were sacrificed after 1, 2, 3, 5 and 8
days of treatments.

Blood samples were taken by puncturing the
abdominal aorta of the animals after giving light
ether anesthesia. The collected blood samples were
kept at room temperature for 30 min and then were
centrifuged at 2000 rpm for 10-15 min to separate
the serum. Serum was used for the estimation of the
liver marker enzymes aspartate aminotransferase
(AST) and alanine aminotransferase (ALT). Then
the animals were sacrificed by exsanguination under
light anesthesia. Liver was removed immediately for
the estimations of enzymes activities and perfused
with normal saline (0.9%, w/v) in order to take care
of red blood cell contamination.

Biochemical analysis

Microsomes were isolated by differential
centrifugation according to Schenkman and Cinti
[10] with minor modifications. In brief; 1 g of
frozen tissue was homogenized in 4 ml of ice-
cold Tris-sucrose buffer (10 mM Tris-HCI, 0.25 M
sucrose, pH 7.4). The homogenate was centrifuged
at 13,000 x g for 10 min at 4°c and the precipitate
was discarded. To the supernatant, calcium chloride
was added to yield a final concentration of 10 mM.
The solution was stirred for 15-20 min, and then
centrifuged at 25,000 x g for 10 min at4°c. The firmly
packed pellets of microsomes were re-suspended
by homogenization in 100 mM Tris-HCI buffer
containing 20% w/v glycerol and 10 mM EDTA, pH
7.4. The microsomes were stored at -70 °C until use.
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CYP-450 content was determined by the method
of Omura and Sato [11]. Briefly, the microsomes
were diluted in the ratio 1:9 with 0.1 M potassium
phosphate buffer, pH 7.4, containing 0.5% Triton
X-100, and 1 mM EDTA. The solution was stirred
thoroughly, and divided into 2 tubes each containing
5 ml. The sample and reference cuvettes containing
the microsomal preparations were saturated with 30
to 40 bubbles of carbon monoxide, at a rate of about
1 bubble/sec. Sodium dithionite was added only
to the sample cuvette, to obtain a reduced carbon
monoxide Vs oxidized carbon monoxide difference
spectrum. An extinction coefficient of 106.1/mmol/
cm was used for the determination of CYP-450
content nmol/mg [12].

Lipid peroxidation was determined as
malondialdehyde (MDA) content in liver by the
method of Burlakova et al. [13]. Briefly, portions
of liver (250 mg) was homogenized in 2 ml of
0.1 M ice-cold potassium phosphate buffer (pH
7.4), then centrifuged at 6000 rpm for 40 min at
4 °C. To 2 ml of the obtained supernatant 0.5 ml
of 0.1M potassium phosphate buffer was added.
Then the tube vigorously shakes immediately
after adding 1 ml TCA (Trichloroacetic acid). All
samples were centrifuged (15 min, 4000 rpm, 4 °C)
then the supernatant was separated and 1 ml TBA
[(Thiobarbituric acid) (0.75 — 0.80 %)] was added to
2 ml of'it and placed for 10-12 min in a boiling water
bath. The content of MDA (nmol/g tissue) measured
as the increase in absorbance at 532 nm.

Conjugated diene (CD) content in the rat liver
was determined by the method of Burlakova et
al. [13]. Briefly, portions of liver (250 mg) was
homogenized in 2 ml of 0.1 M ice-cold potassium
phosphate buffer (pH 7.4), then centrifuged at 6000
rpm for 40 min at 4 °C. To 1 ml of the obtained
supernatant 0.1 ml of 1.15% potassium chloride and
4.5 ml of isopropyl alcohol were added. Then the
tube vigorously shakes for 3-4 min and centrifuged
at 3000-4000 rpm for 15 min at 4 °C. To obtained
supernatant was added 4.5 ml heptane and shaken
for 3-4 min after that the tubes left in dark place
until a clear phase separation (at least 5 h). The
content of conjugated diene (CD) nmol/mg tissues
was measured in the heptanoic phase as the increase
in absorbance at 233 nm.

Statistical analysis

All data expressed as mean + SE and statistical
analysis was made using the Statistical Package for
Social Sciences (SPSS 18.0 software and Microsoft
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Excel 2010). For tests, analysis of differences
between groups consisted on a one-way analysis
of variance (ANOVA) with repeated measures,
followed by post-hoc comparisons (LSD test).
Differences were considered statistically significant
at p<0.05 [14].

Results

The effect of single exposure to crude oil and/
or CFX on CYP-450 in rats’ liver is depicted in Fig.
1. Induction of hepatic P-450 content in crude oil
exposed group was found to be significant (p<0.001)
from the first day of exposure by (298%) and reached
maximal value by the second day by (658.9%)
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compared with the control group and then fell to
the first day degree after 3, 5 and 8 days. Similarly
hepatic P450 of the forth group animals (crude oil
and CFX) was significantly (p<0.001) induced after
the first and second day by (109.8 and 222%) with
the maximal increase after the second day compared
with control but in lesser degree than that induced
by crude oil alone while at the period between 3 and
8 days, the level of P-450 was sharply decreased
to the control level. On the other hand the content
of cytochrome in liver of the third group animals
(CFX alone) significantly (p<0.05) decreased after
1 and 2 days by (36 and 34%) respectively and then
decreased insignificantly (p>0.05) after 3 days by
(15.4%) and finally recovered to the control level.
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Figure 1. The changes of liver CYP-450 content in male albino rats at 1, 2, 3, 5 and 8 days. Data are represented as mean =+
standard error (M + S.E) of 4 rats. The mean difference is significant at the 0.05 level, * P <0.05, *** P <0.001.

Table 1
The changes in the activities of aminotransferases (ALT and AST) in the serum of rats exposed to crude oil and cipro-
floxacin
Para- ALT (Unit/l) AST (Unit/)
meter . .
Exposure period (days) Exposure period (days)
Treat
rea I 2 3 5 8 1 2 3 5 8
ment
Control 0.726+ 0.739+ |0.727+ 0.725+ |0.717+ |0.645+ |0.652+ |0.653+ |0.641+ |0.649+
0.01 0.02 0.02 0.01 0.02 0.04 0.02 0.02 0.03 0.02
Crude oil 1111+ 0.831+ |0.733+ 0.726+= |0.716= |1.138+ |0.940+ |0.679+ |0.645+ |0.650+
0.05%** 0.01%* 0.02 0.03 0.03 0.05%** 10.02%** 10.01 0.04 0.03
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CFX 0.954+ 0.829+ |0.729+ 0.729+ [0.711+ [1.045+ |0.880+ 0.665+ 0.645+ | 0.640+
0.04%** 0.03* 0.01 0.04 0.02 0.04*** 10.03*** 10.03 0.03 0.03
CO + CFX 1.181+ 0.795+ 0.731+ 0.722+ [0.711+ |1.204+ [0.893+ 0.679+ 0.642+ |0.645+
0.03%** 0.01 0.04 0.03 0.03 0.03*** [0.01*** 10.01 0.03 0.03

Data are represented as mean + standard error (M £ S.E) of 4 rats. The mean difference is significant at the 0.05 level, * P <
0.05, *** P<0.001.

Table 2.

The changes in malondialdehyde (MDA) and conjugated diene (CD) contents in the liver of rats exposed to
crude oil and ciprofloxacin

Para- MDA (nmol/g tissue) CD (nmol/g tissue)
eter
Exposure period (days) Exposure period (days)

Treat- 1 2 3 5 8 1 2 3 5 8

ment

Control 1.361+ | 1.302+ |1.306+ 1.322+ 1322+ |[1.293+ |1.219+ 1.201+ | 1.194+ |1.228+
0.02 0.03 0.01 0.01 0.01 0.04 0.02 0.02 0.01 0.01

Crude oil 1.413+ | 1.425+ |1.956+ 1.326+ |1.495+ |1.817+ |1.963+ [2.225+ |2.340+ |[2.338+
0.02 0.02* 0.05%** 10.02 0.05%* 10.03*** |0.05%* 0.02%** 1 0.04%** | 0.01%**

CFX 1.365+ |[1.308+ |[1.310+ 1.316+ |[1.308+ |[1.316+ |1.223+ 1.208+ | 1.191+ |1.223+
0.02 0.03 0.03 0.02 0.03 0.01 0.01 0.02 0.02 0.02

CO + CFX 1.365+ |[1.860+ |1.302+ 1.334+ |1.653+ |1.693+ |2.297+ |2.375+ |1.209+ |1.233+
0.02 0.05%** 10.01 0.02 0.03*** 10.03*** |0.03** 0.01%** 10.02 0.03'

Data are represented as mean + standard error (M £ S.E) of 4 rats. The mean difference is significant at the 0.05 level, * P <
0.05, ** P<0.01, ***P <0.001.

The effect of single exposure to crude oil and/
or CFX on serum levels of ALT and AST in rats
is depicted in Table 1. ALT and AST values were
significantly increased in animals plasma of the
second group after 1 and 2 days by (53.1, 12.5%,
p<0.001 and 0.01) and (76.5, 44.2%, p<0.001)
respectively while after 3, 5 and 8 days they fell
to almost the control degree and the same changes
were found in the third and fourth groups.

The effect of single exposure to crude oil and/
or CFX on conjugated diene content is depicted in
Table 2. The content of lipid peroxidation products
dienes and malondialdehyde in animals liver
of the third group were insignificantly (p>0.05)
different from the control. In animals liver of the
second group, the content of dienes were increased
significantly (p<0.001) at the all experimental days
by (40.6, 61, 85.3, 96 and 90.4%) respectively. The
increase in conjugated diene was time dependent.
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Animals from fourth group had more unstable
values as the contents of dienes were significantly
(p<0.001) more than control after 1, 2 and 3 days by
(30.9, 88.4 and 97.8%) respectively and then fell to
almost the control level.

The effect of single exposure to crude oil and/
or CFX on malondialdehyde content is depicted in
Table 2. In comparison with the control, the content
of malondialdehyde (MDA) in animals liver from
second group was significantly increased after 2 and
3 days by (9.5, 49.7%, p<0.05, 0.001) respectively
then recovered to control level after 5 days and
finally after 8 days, MDA significantly (p<0.05)
increased again by (13.1%). Similarly in the liver of
animals from the fourth group, the content of MDA
increased significantly (p<0.001) for the first time
after 2 days by (42.9%) then fell to control level after
3 and 5 days and finally, MDA content significantly
(p<0.001) increased again after 8 day by (25%).
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Discussion

The relationship between CYP isozymes and
chemical carcinogenesis by polycyclic aromatic
hydrocarbons (PAHs), such as benzo[a]pyrene,
has extensively been studied [15]. Cytochrome
P450, a heme protein, is a heterogeneous system of
microsomal enzymes responsible for the oxidative
biotransformation of many chemicals (including
drugs) to polar metabolites, thereby facilitating the
pharmacological inactivation of these chemicals
and their elimination from the body [16-18].
Cytochrome P450 exists in multiple forms, and the
composition of these isoenzymes, as well as their
relative concentrations in tissues, are influenced
by treatment with different chemicals [17]. The
duration and intensity of action of xenobiotics
within a biological system are determined by the
rate of their biotransformation to pharmacologically
active or inactive metabolites. The compositional
change in CYP isoforms has been observed in
liver of rats exposed to high concentrations of
hydrocarbon solvents (e.g. toluene, xylene, benzene)
[19, 20]. Our results have shown that following
intraperitoneal injection of crude oil (3 ml/kg bw)
there was significant induction of hepatic P450 level
from the first day and reached maximal value by
second day compared with control and then fell to
the first day degree. Induction of the hepatic P-450
was decreased when CFX co-administrated with
crude oil. These results indicate that CFX probably
acts as an inhibitor of CYP-450.

Exposure to petroleum-contaminated environ-
ment and the ingestion of petroleum-contaminated
diet have been reported to stimulate the formation
of lipid peroxidation products in animals [21, 22].
Lipid peroxidation that is a consequence of the
activity of oxygen free radicals (e.g. superoxide
anion, hydroxyl radical and alkyl-peroxyl radical)
has been implicated as a mediator in oxidative
stress in animals [23]. Oxidative stress is the term
used to describe the condition of oxidative damage
that results when the critical balance between
free radical generation and antioxidant defenses
are unfavorable [24, 25]. In the present study the
contents of products of lipid peroxidation dienes
and malondialdehyde in liver of animals treated
with crude oil were increased. Dienes content was
significantly increased from the first day and stayed
stable till the end of experiment. Malondialdehyde
content was significantly increased after 2 and 3

days then recovered to control level after 5 days and
finally it increased again after 8 days. dienes and
malondialdehyde production in the present study,
suggested participation of free radical induced
oxidative cell injury in mediating the toxicity of
crude oil.

Ciprofloxacin (CFX) 1is an effective and
relatively safe antimicrobial used in a variety of
human infections. However, adverse drug reactions
and positive results in genotoxic tests are reported,
in the present study the contents of products of
lipid peroxidation dienes and malondialdehyde in
liver of animals treated with CFX were similar to
that of the control. It is known that ciprofloxacin
induces lipid peroxidation but only short time in
condition and probably we did not register valid
changes [26]. Oxidative stress in the kidney was
observed by Weyers et al., [27] after 15 min. of CFX
administration at the dose of 10 mg/kg.

Conclusion

Thus, the results of biochemical studies
revealed that single exposure of both crude oil and
ciprofloxacin lead to destructive changes in liver
cells. The inhibition of CYP1A by ciprofloxacin
could not protect against lipid peroxidation induced
by crude oil. Moreover we observed biphasic
process of activation of lipid peroxidation with two
peaks (2-3 days and 8 days). Probably second peak
may be connecting with late activation of CYP-450
which was inhibited by ciprofloxacin and first peak
likely induced another isoform of cytochrome.
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HlanaxmeroBa T.M., Maxmyn K.E., YmM6aeB B.A.
Buoxumuueckne u3MeHeHNs y GeJIbIX KPBIC CAMIOB MOC/I€ 0OJHOKPATHOTO BO3/IeliCTBHSI CHIPOii HehTH 1
uunpogiokcanuua

BroxuMusIIBIK omicTepIiH KOMEriMeH epKek ereyKyhpbikTapaa muki MmyHaiaeH (CO 3,0 M1 / KXr) oHEe IHUIPOQIOKCAIIMHHIE
(CFX, 200 mr / kr) 0ip per ocep eTKEHIETi remaTOTOKCHKAIBIK ocepi 3eprrenmi. IlIuki MyHaiiMeH ocep eTKeHAE >KaHyaplapIblH
GaybIpbiHarel P-450 nuTOXpOMBI MeIIIepiHiH, OaKpulayMeH caiblcThipranaa, | KyHHeH keiin 4,0 ece, an 2 KyHHeH keiiiH 7,6 ece
JKOFAPBUTAMTBIHABIFGI, a1 COMAH KCWiH ajFalliKbl KYHT1 JeHre#re meitin Tycerinairi anbikTanapl. CEFX P-450 Gencenainirin emayip
Texeini, a mmki myHaii MeH CFX acepi ppepMeHT OeceHiTIriH HHIYKIUITaiIbl, Oipak o1 eKeyiHiH OipiKKeH ocepi, MK MYHaUIbIH
JKEKe ocepiMeH CalbICTBIpFaHia, TeMeHaey Oomagsl. P-450 muroxpomsl Oencenaimiriniy texkenyi mumunrepmir (I1OJI) torsry
MIPOIIeCTEpiHE dCep ETIECil, all OPraHM3MHEH TEXKETIIITEep/l alblll TaCTaFaH Ke3[e ONapIblH OCJNICCHIUIITIHIH YKOFapbhUIaybIHA JKOHE
P-450 muroxpomsl Oencenainirinig Kigipyine amsim keneni. [luki myHait sxone CFX-tiH 0ip KaiiTapa ocepi Oayblp KiIeTKalapblHIa
JIECTPYKTHBTI e3repicrepre okeneni, HoTmwkecinae CYP-450-aiH uunpodaokcaii KoeMeriMeH TeKemyl IIHKI MyHail ocepiHeH 0oJFaH
JIUITUATEPIH aCKbIH TOTBIFYBIHAH KOPFail aliManibl.

Manaxmerosa T.M., Maxmyn K.E., Ym6aeB B.A.
MyHaii MeH DHIPOQJIOKCAIIMHMEH Oip peT yIaHABIPbUIFaH aK ereyKylpbIKTapaarbl 0HOXHMHSIBIK e3repicTep

I'enarotokcuyeckue 3pdeKThl, BbI3BAHHBIE OTHOKpATHBIM Bo3zeiicTBreM chipoit Hedtu (CO, 3,0 M / kr) u mumpodriokcannHa
(CFX, 200 mr / xr), ObUTH H3y4YeHBI Y KPbIC-CAMIIOB C ITOMOIIBI0 OMOXUMHUYECKUX METO/IOB. Pe3yabTaThl OKa3aiu, 4To COepKaHue
HeYeHOuHOTro IuroxpoMa P-450 nHaynmpyeTcs y )KMUBOTHBIX, IIOJBEPTHYTHIX BO3/IEHCTBHIO chIpoll HedTH uepe3 1 nens B 4,0 pasa, a
gepe3 2 1Hs — B 7,6 pa3a (MaKCUMyM) ITO CPAaBHEHHIO C KOHTPOJIEM, a 3aTeM I1afaeT 10 ypoBHS mepBbX cyTok. CFX 3HaunTensHO MH-
rubupyet P-450 B mevenu, Toraa kak BozaelcTeue ceipoit Hedhtu u CFX mHAynHpyer GepMeHT, HO B MEHBIICH CTEIICHHU, YEM TOJBKO
ceipasg HepTb. MHrHONpoBaHue ruroxpoma P-450 He BIUAIO HAa aKTUBHOCTH MPOIECCOB MEpEeKUCHOTO okucieHus aumuaos (I1OJ]),
a ero akTUBALUs MOPKe ObLIa BBI3BAHA HIMMUHALKEH MHrMOUTOpa B OpraHU3Me U 3aJepKKoW akThBamuu nutoxpoma P-450. Ogno-
KpaTHoe Bo3aelicTBue cbipoit Hedti u CFX npuBoauT K A€CTPYKTHBHBIM H3MEHEHHSIM B KJIETKaX redeHu, 1 uuruouposanne CYP-450
UIPO(IIOKCAIIMHOM HE MOXKET 3aIlUTUTh OT HEPEKUCHOTO OKHCIICHNUS JIMIH/I0B, BEI3BAHHOTO BO3ICHCTBHEM CHIPOH HE(TEIO.
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