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The aim of this research was to explore the antioxidant enzyme catalase and peroxidase
activity in brain tissue of female rats after the cisplatin, estradiol and progesterone separate and
joint in vivo action. The results demonstrated the opposite effects of cisplatin and steroids on
catalase activity and on peroxidase activity in case of separate application of drugs: the cisplatin
treatment decreased while the two steroids separate action increased the activity of the mentioned
enzymes by different degrees in the studied tissue. The joint injection of cisplatin and estradiol
leaded to recovery of baseline values of both antioxidant enzyme activities. In case of joint action
of cisplatin and progesterone, some increase in activity of both enzymes was recorded. In case of
combined injection of steroids, their effects on antioxidant enzymes catalase and peroxidase
activity were summed up.

The obtained results may be helpful for explaining of antioxidant action mechanism of
these steroid hormones as well as for the attenuating effects of estradiol and progesterone in case
of its joint use with cisplatin.

Oxidative stress — cisplatin — estradiol — progesterone — antioxidant enzymes — catalase —
peroxidase.

SYjw| nrundbwuhpnepjwl bwywwnwyu £ hGunwgnunt] hwwopuhnhy $EpdGUNLEN Yuwinw-
lwgh W wGpopuhnwah wywhynieintup Eg wnlbwnubph gliunintnh hjntudwédpnud ghuwyjwunhuh,
Eunpwnhnih W wypngbuwinbpnuh wpwlahu W hwdwwntn in vivo wgnbgnipjnilubphg htunn:  Syjw-
UGpp Jywynwd BU, np wnwUdhU Yhpwnbhu ghuwwwhup W unGpnhnubpp hwywdtn  wg-
nbgnLpejntl U gnpénwd huswbu Ywuwnwijwah, wjbwbu £ wGnpopuhnwah wywnhynipjwu ypw. pun
npnd ghu-wwwhup dugnud £, Uhugntn unbGpnhnutnp wwnptp swithny jupwuncwd BU hwywopuhnhy
dEpUEUNNUEPh wyuinhdnieintup hEnwagnuynn hjncujwspnid:

Shuwjwwhtuh W Eunpwnhnih hwdwwnbn wgnbgniejwl wpryntupnud JGpwwlguyned G
Gpynt hwywopuhnhy d$tpdGUNUEPh wywnhynipywl unnighy twnppGpwyh wpdtpubpp, Jhusntn
ghuwyjwwnhuh W wpnqbuwntpnuh hwdwwntbn wagnbgnieyuwu nbwpenid gpwlgynid £ Updwd pbp-
JGuwnutph wywmhdniejwl npnpwyh wé: Unbpnhnwihu hnpdnuutbph hwdwwntn UGpwpydwu nbw-
pnid nhindnud E fupwuhy wgnbgnipjwu wnhunhynipinil:

Unwgywd wnyjwiubnt ogunwywnp Ywpnn Bu |hub) huswtu uwnbGpnhnwihb hnpdnUUtph
hwlywopuhnhy wagnbgnyentlutph JGhuwuhquubpp, wjbwbu £ hwdwwbn Yhpwndwu nGwpncd
ghuwjwwhuh wnwpwgnwd wugwlywih wgnbgnuenillGpp Eunpwnhnih W wpngGuwnbpnup
UYnnuhg JbnutnL UGpgnnpénieyntlubpp ywnpqwpwubine hwpgned:

Opuhnuwinpy upnbu — ghuwjwinpl — Euinpwnpng — wnnqbuwnbnnl — hwlwopuhnps $tpdtluwntbn —
Guiinwiywq — whnopupnwq

91



ZH.V. YAVROYAN, A.G. HOVHANNISYAN, N.R. HAKOBYAN, E.G. SARGSYAN, E.S. GEVORGYAN

Llenbro JaHHOTO MCCIIEAOBAHHUs ObLIO M3yYEHHE aKTHBHOCTH aHTHOKCHIAHTHBIX (epMeH-
TOB KaTalia3bl U MEPOKCH/IA3bl B TKAHH FOJIOBHOTO MO3ra CAMOK KPBIC IPH OTACIBHOM H COBMECT-
HOM 1IN VIVO BO3MEHCTBMH IMCIUIATHHA, SCTPAIHOJa W IPOTECTEPOHA. Pe3yibTaThl CBHIE-
TEJILCTBYIOT O MPOTHBOIOIOKHOM 3] deKTe MUCIUIATHHA M CTEPOMIOB Kak HAa aKTUBHOCThH Kara-
J1a3bl, TaK ¥ Ha aKTHBHOCTh MIEPOKCHIA3bl B CIIy4Yae UX Pa3jiesibHOro npuMenenust. [Ipu 3tom muc-
[UIATHH TIOJIABIISIET, @ HCTPAIMONI U MPOTECTEPOH IMOBBIMIAIOT AKTUBHOCTH KATAla3bl U MEPOKCH-
J1a3bl B PasHO# CTErneHu B uccieayeMoit Tkanu. COBMECTHOE BBECHHE IUCIUIATHHA U CTPAANOIIA
BOCCTAHABJIMBACT KOHTPOJIBHBIA YPOBCHb AKTHBHOCTH AHTHOKCHIAHTHBIX (DEPMEHTOB, a MpH
COBMECTHOM JICHCTBUH MUCIUIATHHA M MTPOT€CTEPOHA PETHCTPUPYETCS] HEKOTOPOE TOBBIIICHHE UX
AKTHBHOCTH. BMecTe ¢ TeM, Ipu COBMECTHOM BBE/ICHHH CTEPOHIOB HAOIIONACTCS aIUTUBHOCTh HX
3 PEKTOB.

IMony4yeHHbIe pe3ylbTaThl MOTYT OBITh TIOJIE3HBI KAK JUIS PA3bsSCHEHUS MEXaHU3MOB aHTH-
OKCHJIAHTHBIX 3(P(HEKTOB ITUX CTEPOUIHBIX TOPMOHOB, TaK U CMATYAIOIIEro 3 eKTa cTparoia
U MPOTECTEPOHA TIPH COBMECTHOM C IIHCILUIATHHOM IPUMEHECHUH.

Oxcuoamuguwvlil cmpecc — YUCHIAmuH— 3CMpacuoi— npo2ecmepor — AHMUOKCUOAHMHbLE
Gepmenmul — kamanaza — nepoxcUOasda.

Cisplatin (cis-diaminedichloroplatinum [1) (CDDP) is one of the most potent
antineoplastic agents used for the treatment of a wide variety of human malignancies [2,
4, 15]. Cisplatin treatment is plagued by severe side effects such as neurotoxicity,
nephrotoxicity, ototoxicity hepatotoxicity [3,4,12,15,16,18]. About 30% of patients
treated with cisplatin have neurotoxicity because it can cross blood brain barrier andbe
accumulatedthrough repeated dosage [12,14,15,16,18].

The exact mechanism of cisplatin toxicity is not fully understood but it is
generally accepted that cisplatin causes oxidative stress which is due to the generation of
reactive oxygen species which interact with DNA, lipids, proteins leading to lipids
peroxidation and DNA damage [2, 8]. Since DNA is the primary target of cisplatin, its
damage by reactive oxygen species (ROS) could lead to irreversible changes in its
molecule, which in turn preventing the cell division or DNA synthesis and its repair
mechanism that can trigger cell death and resulting in induction of apoptosis [3,4,8,15].
Moreover, the induction of oxidative stress and ROS formation is considered another
mechanism of action of cisplatin [2,10,14]. Cisplatin increases the production of free
oxygen radicals and decreases the antioxidants, thus resulting in the disturbance of the
oxidant/ antioxidant balance [10,20].

It is well known that reactive oxygen species (ROS) are natural bioproducts of
cellular oxidative metabolism and play important roles in the modulation of cell survival,
cell death, differentiation, cell signaling, and inflammation-related factor production
[5,19]. Disturbed redox homeostasis leads to oxidative damage to biomolecules, such as
proteins, lipids, and nucleic acids that resulting harmful effects on cells mediated by
interference with cell-signaling mechanisms. By contrast, the modulation of ROS
generation enhances activation of key signaling molecules that regulate cell death,
survival, differentiation, and proliferation [5,19].

Under various physiological states, ROS are produced as intermediates, and their
cellular levels are strongly regulated by various detoxifying enzymes, such as superoxide
dismutase, glutathione peroxidase and catalase or by different antioxidants, including
flavonoids, ascorbic acids, vitamin E, and glutathione[5,12,19].

The cells have defense systems to cope with routinely generated ROS. Besides
the antioxidant enzymes and small molecules with antioxidant capacity described above,
cells have some natural antioxidants. Among the latter the steroid hormones occupy a
special place [5, 9, 12, 19].
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When ROS are not eliminated sufficiently by antioxidant enzymes or small
molecules, the cells are damaged by oxidative insults, leading to cell death. Natural
antioxidants have been reported to protect against cisplatin toxicity [10, 12]. Several
studies have been reported that supplementation with antioxidants prevent neurotoxicity
associated with platinum-based chemotherapy which work together to enhance the
anticancer activity and reduce adverse effects [9,12,20].

It has been established, those natural antioxidants, such are steroid hormones are
capable of protecting against the toxicities of cisplatin [9,12]. Likewise, the brain
possesses an inherent endocrine system and synthesizes steroid hormones known as
neurosteroids [9,12]. The biological functions of the neurosteroids are exerted either
through a conventional genomic process via their receptors (SRs), or through interaction
with membrane receptors.Neurosteroids may directly activate G protein coupled
transmembrane receptors [9,12].

Regulation of gene expression by steroids is closely related to its antioxidant
properties. Up regulation of antioxidant enzymes is the simplest of the antioxidant
mechanisms of neurosteroids that are mediated via the genomic steroid receptor (SR)
pathway [9, 12]. The female sex steroid 178-estradiol and progesterone binds to the
receptors in the nucleus, activating gene transcription. The genes of antioxidant
enzymes, such as superoxide dismutase, catalase and glutathione reductase, are targets of
progesterone involved in oxidative stress tolerance [9, 12].

At the same time, it is well known that estradiol and progesterone show a
beneficial effect in elimination of cisplatin-induced nephrotoxicity [6, 7,17]. It was
shown, that activities of antioxidant enzymes are regulated by steroid hormones in sex
dependent manner [6, 7, 17]. Moreover, the antioxidant enzyme activity in liver tissue of
female and male rats shows certain dependence on concentration of progesterone and
estrogen in the organism [7, 17].

Thus, the antioxidant effects of these neurosteroids are similar. Estradiol and
progesterone protect neuronal cells from oxidative stress by up regulating antioxidant
enzymes via genomic pathway [9].

Taking into consideration the above information it seemed important to estimate
the activity of antioxidant enzyme catalase and peroxidase in brain tissue of female rats
under the cisplatin, estradiol and progesterone separate and joint action.

Materials and methods. The investigation was performed on adult female albino rats (120-
150 g weight). The animals were divided into 7 groups. The group 1 was a control group of
animals without treatment. Animals of groups 2, 4 and 6 received a single dose of cisplatin (8
mg/kg). Cisplatin was injected peritoneal. Exposition time for cisplatin was 24 hours. The group 3
was treated with estradiol (200 mcg/kg, injected peritoneal), the group 5 received a single dose of
progesterone (30 mcg/kg, injected peritoneal). Exposition time for steroids was 4 hours. Animals
from the groups 4 and 6 were received the same single dose of estradiol and progesterone
respectively within 20 hours after the cisplatin injection (4 hours before decapitation). The animals
of group 7 were simultaneously treated with estradiol and progesterone (respectively 200 mcg/kg
and 30 mcg/kg, injected peritoneal). Exposition time for steroids was 4 hours.

All animals were decapitated through corresponding time after the inhalation anesthesia
with chloroform. Then, animals were sacrificed, and extracted brain tissues from each group of
animals. The extracted organs were homogenized in ten volumes of ice-cold TM buffer (50mM
Tris-HCL pH 7.4, 3mM MgCl2). The homogenates were centrifuged at 1000xg for 10 min at 4°C.
The supernatants were collected and stored at-20°C for biochemical determination of protein and
enzymes activity. Quantitative determination of protein in investigated preparations was carried by
spectrophotometric method [11].

The activity of catalase (EC 1.11.1.6) was determined by measuring the decrease in the
hydrogen peroxide (H202) concentration at 410 nm. The method of defining of catalase activity is
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based on developing of stable blue colored complex in result of ammonium molybdate reaction
with H202 and subsequent photometric measurement of the recovered complex [13].

The assay medium consisted of 1 ml Tris-HCI buffer solution (50 mM, pH 7.8), 0,1 ml of
homogenate sample and 2 ml of 0.03% H202. The reaction mixture was left for 10 min at room
temperature, in darkness. The reaction stopped after 10 min by adding 1 ml of 4% ammonium
molybdate solution. The absorption measurement was conducted at A=410 nm, and the activity of
catalase was expressed in micromoles uM of the transformed H202 /min per mg of protein [13].

The activity of peroxidase (EC 1.11.1.7) was determined by [20]. It is well known, that
peroxidase has two substrates, to one of which to H202 the enzyme exhibits strict specificity.A
second substrate is needed to oxidize by hydrogen peroxide. As second substrate can be
glutathione, guaiacol, benzidine and other substances. We used benzidine or 4.4 diaminodiphenyl
as a second substrate for peroxidase [20].

The reaction results in a color complex called benzidine blue with a maximum absorption
at 520nm. The reaction mixture contains 2 ml 2.5mM benzidine, 0.5ml 3% H202 and 0.1 ml of
investigated homogenate. The optical density is measured at 520 nm after the 1 minute. The
activity of peroxidase is expressed in M/ min, mg protein [20].

All results were expressed as M+m from 4 independent experiments. Statistical differences
in the results between groups were evaluated by the Student’s t-test.

Results and Discussion. Results of the studies of cisplatin and steroids separate
and joint action on catalase activity in supernatant of first centrifugation of female rats’
brain homogenate are shown in Table 1 (tab.1).

These results showed that cisplatin 24 h in vivo action caused a significant
decrease in the catalase activity in supernatant fraction of brain tissue homogenate by
14.4% (tab.1 and f an increase of this antioxidant enzyme activity correspondingly by
40% and 30% in brain tissue (tab.1 and fig.1). The joint action of cisplatin and estradiol
restored the initial level of catalase activity (tab.1 and fig.1). Animal combined injection
of cisplatin and progesterone not only neutralizes the overwhelming effect of antitumor
drug, but even increases the activity of catalase activity by 18% (tab.1 and fig.1). In case
of joint action of both steroid hormones, their stimulating effects are summed up.
However, the total stimulus effect is less than the mathematical sum: enzyme activity
increase instead of 70% is equal to 52% as compared with baseline (tab.1 and fig.1).
Apparently, steroid hormones act in a competitive manner, preventing the full
integration of their stimulating effects.

Table 1. Cisplatin, estradiol and progesterone separate and joint action on catalase activity
(uM/min, mg protein) in supernatants of first centrifugation of rat brain tissue homogenate

# Variants Activity of catalase Activity of peroxidase
uM/ min, mg protein wM/ min, mg protein
1 Baseline 382.20+10.61 437.00+8.34
2 | Cisplatin *327.10£7.60 *383.74+11.50
3 Estradiol *534.74+6.70 *534.74+17.00
4 | Cisplatin+ Estradiol 385.00+11.00 441.20£11.55
5 Progesterone *497.00+14.54 *654.15+17.34
6 | Cisplatin +Progesterone *452.30 + 8.44 *490.00 +14.60
7 Estradiol + Progesterone *582.00+42.00 *587.32+42.00

Table 1 also presents the results of activity of another antioxidant enzyme of
peroxidase. That is, after the cisplatin separate action peroxidase activity was decreased
by 12% in supernatant fraction of brain tissue homogenate as compared with baseline
(tab.1 and fig.3). The separate injection of steroid hormones estradiol and progesterone
caused an increase of peroxidase activity correspondingly by 22.4% and 50% in brain
homogenate (tab.1 and fig.2).
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Fig.1. Catalase activity alterations in supernatant of female rats’ brain cells under the cisplatin and steroids
separate and joint action (1 —baseline, 2 —after the cisplatin action, 3 — after the estradiol action,
4 — after the cisplatin and estradiol joint action, 5 — after the progesterone action,
6 — after the cisplatin and progesterone joint action, 7 — after the estradiol and progesterone joint action).
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Fig.2 Peroxidase activity alterations in supernatant of female rats’ brain cells under the cisplatin and steroids
separate and joint action (1 —baseline, 2 —after the cisplatin action, 3 — after the estradiol action,
4 - after the cisplatin and estradioljoint action, 5 - after the progesterone action, 6 - after the cisplatin and
progesteronejoint action,7 — after the estradiol and progesterone joint action)

In this case, the steroids also have a stimulating effect on peroxidase activity. The
joint action of cisplatin and estradiol restored the initial level of enzyme activity,
whereas cisplatin and progesterone combinedinjection leaded to increase in peroxidase
activity by 12% (fig.2). In case of joint treatment of animals with both steroid hormones,
their stimulating effects are unusually summed up and is equal to 34.4% as compared
with baseline, instead of 72.4% (fig.2). It is assumed that in case ofjoint action of
estradiol and progesterone on activity of antioxidant enzymes there is competition
between two steroid hormones, preventing them from summing up their stimulating
effects.
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The stimulating effect of steroid hormones is more evident when comparing the
results of joint action of these drugs with the results of separate action of cisplatin on
catalase and peroxidase activity. In this case cisplatin and estradiol joint action caused
change of both antioxidant enzymes catalase and peroxidase activity correspondinglyup
to 18% and 15% (fig.3).
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Fig.2. Catalase (I) and peroxidase (1) activity alterations in brain tissue of female rats after the cisplatin
alone and in combination with steroids action.Results of catalase and peroxidase activity, obtained in case
ofcisplatin separateinjection were accepted for 100%. (CP —after the cisplatin alone action, CP + E - after the
cisplatin and estradiol joint action, CP + Pr - after the cisplatin and progesterone joint action).

The combined treatment with cisplatin and progesterone leads to increased
activity of catalase and peroxidase respectively by 38% and 28% (fig.3).In both cases,
steroid hormones not only neutralize the overwhelming effect of cisplatin, but even
increase the activity of the studied enzymes (fig.3).

It is well known, that cisplatin induced neurotoxicity characterized by a
significant reduction in antioxidant enzymes activity, among them the catalase and
peroxidase activity in rats brain tissues [8]. Additionally found that the activity of
antioxidant enzymes such as catalase was significantly decreased in the cisplatin injected
rats in comparison with the normal control rats [8, 20].

As already noted antioxidant enzymes are the part of the antioxidant defense
system of cell and catalyzed hydrogen peroxide (H20-) and other peroxides degradation
into oxygen and water. It has been demonstrated, that the level of catalase in the brain
tissues markedly decreased after the cisplatin treatment compared to the control [8, 20].

It is well known, that cisplatin induced neurotoxicity characterized by a
significant reduction in antioxidant enzymes activity, among them the catalase and
glutathione peroxidase activity in rat’s brain tissues. Additionally found that the activity
of antioxidant enzymes such as catalase was significantly decreased in the cisplatin
injected rats in comparison with the normal control rats [8, 20]. Our results also show the
regulation of antioxidant enzymes activity by sex steroid hormones, which are
considered natural antioxidants. In this way the combined use of cisplatin and steroid
hormones results in the neutralization of the inhibiting effect of cisplatin on the activity
of antioxidant enzymes. This in turn can help to reduce oxidative stress, thereby
reducing neurotoxicity and unwanted side effects of cisplatin.

The obtained results may be helpful for explaining of antioxidant action
mechanism of these steroid hormones as well as for the attenuating effects of estradiol
and progesterone in case of its joint use with cisplatin.
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