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THE EFFECT OF ANTIOXIDANT ACTIVITY OF PLANTS TRIFOLIUM
PRATENSE L. AND CRATAEGUS LAEVIGATA ON LIPID PEROXIDATION
IN RAT’S TISSUES EXPOSED TO HYPOBARIC HYPOXIA
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The processes of lipid peroxidation (LPO) were studied in rat brain and liver
tissues under normal conditions, as well as under conditions of hypobaric hypoxia,
since it is known that hypoxia causes the development of LPO in the cells of
organism tissues. It has been also studied the influense of dry flowers of Trifolium
pratense L. (red clover) and Crataegus laevigata (midland hawthorn) on lipid
peroxidation, which triggers by hypobaric hypoxia. It has been shown, that the end
product of lipid peroxidation malondialdehyde in rat brain and liver tissues was
significantly decreased with the addition of plants flowers to the diet of animals,
especially in the case of C. laevigata.
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Introduction. One of the most current problems of modern biology is the
impact of stress on living organisms, as well as the study of possible ways to prevent
pathological consequences caused by stress.

It has been shown the formation of free radicals in the living cells under stress
conditions. Free radicals might be involved in various reactions causing some disor-
ders in biochemical processes, which leads to cellular injury, and inhibition of enzymatic
systems, which eventually may lead to the cell or even organism death [1, 2].

Among the adverse effects of the environment on living organisms, hypoxia
is one of the most common and significant stress factors for humans and animals.
Hypoxia causes several pathologies, among which should be mentioned intracellular
oxidative stress, which promotes a significant increase in free-radical processes of
lipid peroxidation (LPO). Initiation of the LPO has been shown during severe forms
of hypoxia/ischemia with subsequent reoxygenation, as well as at hypobaric
(altitude) hypoxia [3-5].

The level of lipid peroxidation normally contributes to maintaining the
structural integrity of membranes, as well as the normal functioning of transport and
enzymatic systems. However, during the pathological processes the activation of the
LPO takes place leading to a misbalance between pro- and antioxidant systems. As
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a result, antioxidant cellular defense (AOD) is disturbed including enzymes super-
oxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (cGPx). Thus,
LPO initiates the activation of post-stress and neurodegenerative pathologies [1, 4,
6, 7].

There are various ways to adapt to hypoxia, one of which is antioxidant and
anti-hypoxante therapy. The antihypoxic effects inherent in chemical compounds are
detected in many plants, including red clover (Trifolium pratense L.) flowers which
contain isoflavones genistein, daidzein, and other phenols with high antioxidant
activity [8-11].

In our previous studies, we have shown that under the influence of the
T. pratense L. plant, there is a decrease in the LPO level in the tissues of rats under
conditions of high-altitude hypoxia, which confirms the antioxidant properties of this
plant [3].

This work aimed to study the effect of flowers of the plant Crataegus
laevigata (midland hawthorn) on the dynamics of lipid peroxidation under
conditions of hypobaric hypoxia (7.5-8.0 km above sea level), as well as a
comparative analysis of the effect of these plants on the level of lipid peroxidation
during hypoxia.

Materials and Methods.

Animals and Plant Materials. All experiments were carried out on Wistar
(weight 100-150 g) rats in accordance with the current ethical norms stated by
“International Recommendation on Carrying out of Biomedical Researches with Use
of Animals” and the study plan has been approved by the National Center of
Bioethics (Armenia). The animals were kept under standard conditions of vivarium
(temperature 22 + 2°C in a light/dark cycle of 12 h).

The first group of rats had usual vivarium diet, the second group had a diet with
the addition of T. pratense L. dry flowers and the third one — diet with the addition
of C. laevigata dry flowers of 0.5 g of crushed plant material per 100 g of animal
weight for 10 days. Plants were collected near Hankavan (Kotayk Province, Armenia).

Hypoxic conditions were created in a hypobaric chamber with a pressure of
300 mm Hg, corresponding to a height of 7.5-8.0 km, with exposure of animals for
30 min. The animals were decapitated after exposure to hypoxia, the brain and liver
were removed, and a 10% homogenate was prepared in 1.2% KCI.

Biochemical Analysis. The intensity of lipid peroxidation in the tissue
homogenate is detected by the content of malonic di-aldehyde (MDA) in the reaction
with 2-thiobarbituric acid by following formula [12, 13]:

D
=—7

where C is concentration of the MDA; ¢ ismolar absorption coefficient in
1.56-10° M~'-cm™"; | is optical path length OPL, which corresponds to 1 cm of
cuvette width.

Analytical tests were conducted using an UV-VIS spectrophotometer
(Genesys 10S, USA) at 1=532 nm wavelength.

The MDA content is expressed in units of concentration (¢M/g) of tissue.

Data Processing. All values were expressed as + standard error of the mean.
Data processing was done using Statistica 6.0 software. The differences between the
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results of different series were considered valid, if Student criteria (p) was less than
0.01. A difference of p<0.01 or less in the mean values was considered as statistically
significant.

Results and Discussion. The processes of lipid peroxidation in the brain and
liver of rats in normal conditions and under conditions of high-altitude (7.5-8.0 km
above sea level) hypoxia were studied by the content of the end product POL-MDA.
According to the obtained results (Tab. 1), the normal content of MDA in the brain
is 12.65 uM/g, which is almost 2 times higher than its level in the liver (6.40 uM/qg).
Under conditions of hypoxia, the accumulation of MDA sharply increases: in the
brain — up to 53.85 uM/g, in the liver — up to 36.85 «M/g. Obtained results are
consistent with the literature [1, 4, 14, 15].

Table 1
Effect of hypoxia on LPO processes in rat tissues (n=4, p<0.01)
Experiment condition - MDA content, Mg tissue -
brain liver
Baseline 12.65 £ 1.50 6.40 = 0.75
Hypoxia 53.85 +4.20 36.85 +3.62
Difference 412 305

It should be mentioned that the content of MDA in the brain, during both nor-
mal and under hypoxia conditions, is significantly higher than its content in the liver.
Thus, in the brain under conditions of hypoxia, the content of MDA increases by
41.2 uM/g, while in the liver it increases by 30.5 uM/g, which indicates a low level
of AOD in the brain and a high activity of the enzymes of this system in the liver.

Table 2
Influence of T. pratense L. and C. laevigata plants on LPO processes
in tissues of rats exposed to hypoxia (n=4; p<0.01)
Experiment condition MDA content, uMIg tissue
brain liver
Baseline 12.65 +1.50 6.40 = 0.75
Hypoxia 53.85 +4.20 36.85 +3.62
Diet with T. pratense L. supply + hypoxia 33.15+3.30 22.95+2.10
Diet with C. laevigata supply + hypoxia 35.70 +3.72 1493 +1.75

In the study of the antioxidant effect of plants on LPO processes, T. pratense L.
and C. laevigata flowers were used, which have been added to two groups of
experimental animals for 10 days, after which the animals were exposed to hypoxia.
According to obtained results (Tab. 2), there is a decrease in the content of MDA
under hypoxia conditions in the tissues of rats that previously received flowers of
the above-mentioned plants with food.

Thus, when T. pratense L. flowers were added to the diet, the level of MDA
in the brain decreased from 53.85 uM/g to 33.15 uM/g, and in the liver — from
36.85 uM/g to 22.95 uM/g. When C. laevigata flowers were added, the level of MDA
in the brain was 35.70 xM/g, while in the liver it was 14.93 uM/g.
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Thus, under the influence of T. pratense L. flowers, the LPO level in the brain
decreases by 38.40%, and C. laevigata flowers — by 33.7%.

In the liver, the content of MDA decreases with the addition of T. pratense L.
and C. laevigata flowers by 37.7%, and 59.5%, respectively.

It can be concluded that both plants contribute almost equally to the reduction
of MDA in the brain, while in the liver the effect of C. laevigata flowers is more
effective by 25.8% than that of T. pratense L. flowers. The observed slowdown of
LPO processes in the liver under hypoxic conditions when using the C. laevigata
plant indicates the activation of enzymes of the AOD system in the liver, which is
apparently due to the biologically active compounds contained in the flowers.

The composition of T. pratense L. flowers, along with other biologically
active compounds that are natural antioxidants, includes isoflavone glycosides
daidzein and genistein [8, 11]. In addition to the isoflavone glycosides vitexin and
acetylvitexin, the composition of C. laevigata flowers also contains flavonol
glycosides hyperoside, quercetin, pinnatifidine, and caffeic and chlorogenic acids
from other phenolic compounds [16]. A correlation was shown between the content
of flavones and phenols and the antioxidant activity of plants [11].

It is no coincidence that flavones, as antioxidants, play an important role in
preventing structural damage and liver functioning in various pathologies [16].

It has been shown that the following flavonols quercetin, morin and myricetin
are the most active among plant antioxidants, which inhibit lipid oxidation by 78.1%,
80.6% and 83.4%, respectively [17].

Conclusion. Based on the analysis of obtained results and the literature data,
we can conclude that a more effective decrease in lipid peroxidation under hypoxic
conditions under the influence of C. laevigata compared to T. pratense L. is
associated with its higher antioxidant activity, which is due to the content of flavonol
glycosides (quercetin, hyperoside, pinnatifidine) in C. laevigata flowers.

Given that flavones have different effects on the AOD, it seems relevant to
create combined mixtures based on medicinal plants, the use of which may enhance
their pharmacological effect.
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TRIFOLIUM PRATENSE L. 6d. CRATAEGUS LAEVIGATA ANF3UGND

<UUUoOLUPMILSUShL U2Y68NFE-3NFLL LhNhYLE P

Q6 ORLUNMMIBUUL 4T UNLESLELP <8NFUJUBLLELNFT

<pMNeUrhu <pMOLULUSH MUSUULLEINFT

<tnmwgnugty b wnltnh  gunintinh L pupnh hyniojwopbbpnid

1hyhnbtiph gtpopuphnugiwb (L9:0) gnpopbpeguitipp tnpdwy, hyytiu twl
hhuynpwphly hhwopuhuwyh wuydwbbbpnid, pwth np hwymbh k, np hhwopuhwb
wnwy t ptipnid 130 opquitthquih hniujwodptitiph poheotitinnid: <twmwgnunyt k
twlt hwjuwopuhnuimuyht. wmhynipyudp odwywd Trifolium pratense L.
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(Gptipini] dwipqugbtimbuyght) W Crataegus laevigata (Wn6tth unynpuljui)
pnyubtinh dwinhlyitiph waqnbgnimip hhuynpwphly hhyjopuhuwyny wnwewguid
1hwyhnbtiph gipopuhnugiwid Yypw: 8niyg L wmpyt), np wnbtimbtph Ytph dbe
pnyubtiph snpuugpud  dwnhlutph wybjugiwd nhypmy, nintinh W ywpnh
hnrujuwoplitipnd jugnid £ LAO0-h Jtipplwjud wpquuhpp” dwyntuyght
nhwyntihhnp, wpwybjuwbtu C. Laevigata pnijuh nbwpnid:

H. A. BAJAJISH, A. A. TIOJIAISH

BJIMSIHUE AHTUOKCHUJAHTHOM AKTUBHOCTU PACTEHUIA
TRIFOLIUM PRATENSE L. 1 CRATAEGUS LAEVIGATA HA ITEPEKMCHOE
OKUCJIEHUE JIMIIMAOB B TKAHAX KPBIC, ITOJABEPT'HYTBIX
TMTIIOBAPUYECKOM TUITOKCUU

HccnmenoBaieb mporiecchl mepekucHoro okwcienus aunuaos (I1I0JI) B
TKaHAX TOJIOBHOT'O MO3Ta M MEYEHH KPBIC B HOPMAJIBHBIX YCIOBUSAX U B YCIOBHAX
rUNo0apUYecKO TUIMOKCHH, IIOCKOJIBKY W3BECTHO, YTO THUIOKCHS BBI3BIBACT
passutre [1OJI B wierkax TkaHeW OpraHusMma. lMcciemoBanoch TakXKe BIIHSHHE
uBeTkoB pacrenuit Trifolium pratense L. (kneBep myrosoit) u Crataegus laevigata
(GospBINIHUK OOBIKHOBEHHBIN), 00JIaJal0INX aHTHOKCHIAHTHOW aKTHBHOCTBIO, Ha
MEPEKUCHOE OKHCJICHHWE JINMUAO0B, BBI3BAHHOE THIIO0APUYECKON THIIOKCHEH.
ITokazano, 9To cojaepXKaHHE KOHEYHOTO MPOAYKTa HHAYIHUPYEMOTO THIIOKCHEH
OKHCIUTENBHOTO CTPECCa — MAJIOHOBOTO JAMANBACTHIA, B TKaHIX MO3ra U MEYEHU
KpBIC CHI)KAETCS TIpU T00aBIICHUH B PAIIMOH KUBOTHBIX CYXHX IIBETKOB YKa3aHHBIX
pacrenuii, npuyeM B cirydae pacrenus C. Laevigata — B 60mbIieii cTeneHw.



