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The influence of a medicinal plant extract, immobilised by ligands, on the activity of antioxidant
enzymes and photosynthetic pigment concentration of wheat and maize was studied. The object
of study was seed of drought-resistant firm durum wheat (Triticum durum Desf.) and maize (Zea
mays L.). Seeds were subjected to general uniform y-radiation from a 89Co source on a Rkhund
installation at average dose power of MD = 0.306 Gy/sec. Before radiation seeds were treated in
modified extract from medicinal plants. The treatment of seeds with 0.1 and 0.01% solution of
modified extract from Hypericum, Dandelion, and Calendula caused significant reduction in pro-
cesses initiated by radiation and in formation of free radicals. On the basis of the obtained results
it was concluded that the used modified plant extract collection had a protective effect, reducing
the amount of free radicals produced by y-irradiation.

Key words: superoxide dismutase, catalase, malondialdehyde, chlorophyll, carotenoid.

INTRODUCTION

It is common knowledge that y-radiation has a damaging ef-
fect on living organisms. Under the influence of y-radia-
tion-induced free radicals, reactive oxygen species that
cause oxidative modification of macromolecules are gener-
ated causing effect to cellular structures. y-irradiation dam-
age initiated by free radicals promotes oxidative modifica-
tion of macromolecules caused by reactive oxygen species,
and can result in a loss of the integrity of cellular structures.
Active oxygen modifications cause chain reactions with ac-
cumulation of lipid, peroxyl and other radicals (Rogozhin et
al., 2000). In recent years, in the radiotherapy treatment
agents obtained from natural sources, in particular, from
plants have been used, as plants contain the entire complex
of the physiologically active materials: flavonoids, caroten-
oids, tocopherols, fats, and water-soluble vitamins. These
compounds have adaptogenic and antioxidant properties
that promote the radio resistance of organisms (Gusha ez al.,
2000). In lipids, mainly in polyunsaturated fatty acids, reac-
tive oxygven species (ROS) cause chain reactions with ac-
cumulation of lipid, peroxyl, alkoxyl, and other radicals.
Organisms are able to protect themselves from the damag-
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ing effects of free radicals due to highly active antioxidant
system that includes low and high molecular weight sub-
stances capable of inhibiting of free radical processes
(Zenkov et al., 1993). Low doses of gamma irradiation gen-
erally increase germination of seeds, while at high doses the
germination of seeds decreases and development of seed-
lings is suppressed. With increasing radiation dose, the
damage repair system is initiated depending on different
adaptive strategies (Nikolaeva et al.,1985).

Biologically active agents of plants have a number of bene-
fits in comparison with substances of an animal and syn-
thetic origin. They have low toxicity, a wide range of phar-
macological activity, ability to optimise the physiological
processes proceeding in a human body and to increase natu-
ral protection of an organism against environmental effects
(Maksyutina et al., 1985). Also, plant extract has a complex
effect on organisms, as they contain biologically active
agents of different groups in concentrated amount. Strength
of pharmacological effects of plant extract considerably de-
pends on the natural compounds present (Nikolaeva et al.,
1985). In earlier studies we described the radio protective
properties of extracts obtained from several medicinal
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plants growing in the territory of Azerbaijan (Shamilov et
al., 2014).

In the present work the action of the immobilized ligands in
medicinal plant extract on the activity of antioxidant en-
zymes and photosynthetic pigment concentration of wheat
and maize was studied.

MATERIALS AND METHODS

We used seeds of drought-resistant firm Triticum durum
wheat and maize of Zea mays L. as the object of the study.
Seeds were subjected to general uniform y-radiation from a
%Co source on a Rkhund installation at average power of
radiation dose MD = 0.306 Gy/ sec. Prior to irradiation
seeds were treated in modified extract from medicinal
plants. Crushed dry plant material consisting of Hypericum,
dandelion roots and calendula flowers (mass ration 1 : 1 : 1)
was extracted in 70% ethanol at ratio 1 : 15 at room temper-
ature with constant stirring. The solution was then filtered,
and the extraction procedure was repeated three times with
fresh solvent. The collected filtrated was then combined and
evaporated on a rotational evaporator in vacuum. To obtain
a high-molecular modified composition, the total extract of
collection of plants and PVP in the ratio 1 : 4 was used. The
process was carried out in a flask, stirring at temperature
60 °C for two hours. The obtained product was dried in air
until mass was stable.

The Electron Paramagnetic Resonance (EPR) method was
applieed to determine radicals in gamma irradiated seeds.

The activity of superoxide dismutase was determined by the
ability to inhibit autoxidation of adrenaline in an alkaline
environment. The rate of reaction was evaluated spectro-
photometrically, in solution with and without extract, as the
optical density of the accumulated auto-oxidation product of
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adrenaline, which has absorption at a wavelength of 347 nm
(Sirota, 2000).

The activity of catalase was determined on a polarograph
(OH103) with Clark electrode by release of oxygen.

The concentration of malondialdehyde was determined
spectrophotometrically (Multiscan GO, Germany) at wave-
length 532 nm, using thiobarbituric acid.

The concentration of chlorophyll was determined on a
spectrophotometer (Multiscan GO, Germany) by measure-
ment of optical density at wavelength 665 nm and 649 nm.

Data analysis and statistical analysis was conducted using
Microsoft Excel. Statistical analysis was performed with the
aid of the Statgraphics Plus 5.1 statistical package. The
means of values were compared by Duncan's multiple range
test (p = 0.05).

RESULTS

Figure 1 shows the EPR spectra of radicals in wheat and
maize. Lower amounts of radicals were by treating seed
with 0.1 and 0.01% solutions of modified extract
(Hypericum, Dandelion, Calendula) before y-irradiation.

Regarding products of oxidation of lipids, seedlings of y-ir-
radiated seeds contained higher amounts of malondial-
dehyde, than in unirradiated seeds. In seedlings from treated
seed the concentration of MDA was similar to that of the
control. A significant effect of the extract was found at ex-
tract concentration of 0.01% (Figs. 1, 2).

Stressful abiotic factors, especially radiation, promote anti-
oxidant systems for protection against the destroying action
of free radicals (Zenkov, 1993). Superoxide dismutase and
catalase activity was higher (Figs. 3, 4) in the irradiated
plants, and lower activity was observed with treatment with
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Fig. 1. Electron Paramagnetic Resonance (EPR)
1 spectra of radicals of wheat and maize by (1 and 2).
1 Free radicals were measured using the EPR method.
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Fig. 2. Influence of plant extract on the
level of MDA, chlorophyll and caroten-
oid in maize plants. The figure shows
that a modified extract with a concen-
tration of 0.01% contributed to main-
taining the concentration of malondial-
dehyde, chlorophyll, and carotenoids at
the control level. Each bar represents
mean + SD (standard deviation) for av-
erage of n = 3 independent experiments,
p = 0.05.

Fig. 3. Influence of extract on the ac-
tivity of superoxide dismutase (SOD)
and catalase (CAT) in wheat plants.
The figure shows that a modified ex-
tract with a concentration of 0.01%
contributes to maintaining the activity
of SOD and CAT at the control level in
wheat plants. Each bar represents mean
+ SD (standard deviation) for average
of n = 3 independent experiments, p =
0.05.
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Fig. 4. Influence of extract on the activity of
superoxide dismutase (SOD) and catalase
(CAT) in maize plants. The figure shows that
a modified extract with a concentration of
0.01% contributes to maintaining the activity
of SOD and Cat at the control level in maize
plants. Each bar represents mean + SD (stan-
dard deviation) for average of n = 3 inde-

400

350

300

250

200

150

100

50

0

Control Irradiated 0.1% Extract+irradiation 0.01% Extract+irradiation
W Activity of SOD, %  ® Activity of CAT, mkmol/min.
3
2.5
2
1.5
1
9.5 I
0
Control Irradiated 0.1% Extract+irradiation 0.01% Extract+irradiation
BEMDA, mmol M Chlorophyll a+b, mg/gleaf W Carotenoid, mg/g leaf

extract, likely due to reduction of quantity of free radicals.
The reduction of the concentration of chlorophyll a and b,
and slight increase in carotenoid concentration were ob-
served in plants grown from the irradiated seeds, whereas
the concentrations of green pigments and carotenoids were
at the level of the control variant in plants treated with the
extract (Figs. 2, 5).

DISCUSSION

The results obtained in our experiments and previous work
suggest that gamma-irradiation may induce lipid peroxid-
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pendent experiments, p = 0.05.

Fig. 5. Influence of extract on the level of
MDA, chlorophyll and carotenoid in wheat
plants. The figure shows that a modified ex-
tract with a concentration of 0.01% contrib-
utes to maintaining the concentration of
malondialdehyde, chlorophyll, and caroten-
oids at the control level in wheat plants.
Each bar represents mean + SD (standard
deviation) for average of n = 3 independent
experiments, p = 0.05.

ation in leaves. One of the major plant tissue reactions to
radiation was expressed in elevated levels of secondary
products of peroxidation. It is known that peroxidation of
lipids indicates damage of cellular membranes. As a result
of peroxidation of lipids final metabolites are formed (low-
new dialdehyde, ethane, a pentane, etc.), which react with
thiobarbituric acid (Zenkov, et al., 1993). In work carried
out with an aqueous extract of Mentha different species
were studied in their ability to inhibit iron (III)-ascorbate-
catalysed hydroxyl radical mediated peroxidation of brain
phospholipid in vitro. It was observed that the extract of M.
piperita performed better than the other extracts (Dorman et
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al., 2003). Studies have also shown that the aqueous extract
of M. Piperita reduces radiation-induced lipid peroxidation
in mouse liver, testis, and blood (Samarth, 2009).

Biological preparations, for example, extracts of ginesing
root have adaptogenic radioprotective properties under con-
ditions of chronic exposure (Lee, 2005).

Extracts of Podophyllum hexandrum acted in a holistic
manner at various levels. Its administration on mice prior to
irradiation led to a dramatic increase (~80%) in survival
(Raj Kumar et al., 2008). At the molecular level, it induces
pro-survival protein and DNA repair protein expression
while down-regulating the expression of proteins associated
with induction of apoptosis. These activities are congruent
with the in vitro free radical modulating ability of rhizome
extracts of P. hexandrum.

We showed that the irradiation of seeds in high doses in-
creased the content of hydrogen peroxide, superoxide, and
hydroxyl radicals and thus activated lipid peroxidation and
resulted in the activation of the antioxidant system of
plants.

CONCLUSION

On the basis of the obtained results, it was concluded that
modified plant extract at a concentration of 0.01% after y-ir-
radiation resulted in lower levels of free radicals, and the
maintenance of normal concentration of malondialdehyde,
chlorophyll, carotenoids, and the activity of superoxide
dismutase and catalase had the protective effect, reducing
the amount of free radicals.
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MODIFICETO AUGU EKSTRAKTU IETEKME UZ ANTIOKSIDANTU ENZIMU AKTIVITATI UN PIGMENTU KONCENTRACIJU
AR GAMMA-STARIEM APSTAROTOS KUKURUZAS UN KVIESU AUGOS

Pétita imobilizéto arstniecisko augu ekstraktu ietekme uz antioksidantu enzimu aktivitati un fotosintétisko pigmentu koncentraciju
kukurtizas un kvieSu augos, kas izaudzeti no séklam, kuras tika apstarotas ar gamma-stariem. Paradits, ka izmantotiem ekstraktiem bija
protektivs efekts, kas samazinaja ar apstarojumu inducéto brivo radikalu daudzumu.
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