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STUDYING THE COMPOSITION AND ANTI-RADIATION PROPERTIES
OF SAGE (SALVIA OFFICINALISL.) IN WHEAT SEEDS

Aim. The purpose of the research wasto study
the chemical composition, develop methods for ob-
taining an extract from the leaves of Salvia offici-
nalis L. and study their anti-radiation properties of
irradiated wheat seeds of the Guneshli variety.
Methods. Using qualitative reactions and chroma-
tography, the content of lipids, essential oils, diter-
pene acids, phenolic compounds, macro- and micro-
elements in plants was determined. Wheat seeds
were irradiated using a URI installation (K-25) at a
dose rate of 13.4 rad/sec, at a dose of 200 Gy. The
amount of chlorophyll pigments, carotenoids, and
mal ondial dehyde was measured using a spectropho-
tometer. Chlorophyll fluorescence in leaves was de-
termined using a MINI-PAM device. Results. Ac-
cording to the results of morphological and physio-
logical-biochemical parameters of seedlings, 0.01 %
and 0.001 % Salvia officinalis extract has a positive
effect on growth and development, increases the
maximum quantum yield of PS Il and reduces the
yield of lipid peroxidation product. Conclusions. It
has been established that Salvia officinalis extract
has a radioprotective effect and can be used asara
dioprotector for some agricultural plants.

Keywords. gamma radiation, malondialde-
hyde, photosynthetic pigments, growth and devel op-
ment, Salvia officinalis.

Sage is a well-known medicinal plant and is
often used in medical practice around the world. In
many countries, for example, England, USA, Ger-
many, France, Poland, Austria, China, it is included
in pharmacopoeias. The plant has many medicinal
properties, has an antimutagenic effect, and protects
the genetic apparatus from the damaging effects of
carbon tetrachloride. By influencing nicotinic and
muscarinic receptors in the brain, sage improves the
processes of memorizing and retrieving information
from memory. Experimental studieshave shown that

carnosol (salvin) from sage can serve as a therapeu-
tic agent for multiple sclerosis and encephalomyeli-
tis. Rosmarinic acid, which is found in sage leaves,
has anxiolytic-like effects. Plant extracts have
nootropic properties, dueto their antioxidant proper-
ties, and have an antitumor effect. It has been estab-
lished that the antioxidant effect of sage extract in
food products containing fats and vitaminsis associ-
ated primarily with carnosolic acid and its deriva
tives. Sage essential oil has a detrimental effect on
cancer cells of the oral mucosa and cells of other
types of tumors. Extracts of medicinal sage inhibit
the process of angiogenesis, thereby having an anti-
metastatic effect. Manool, a diterpene isolated from
sage leaves, selectively has a detrimental effect on
tumor cells without affecting normal cells[1, 2, 3].

The flora of Azerbaijan is rich and diverse.
Currently, it is represented by 4,745 species belong-
ing to 193 families and 900 genera. Among them are
many useful plants, including medicinal ones, which
are distributed throughout the republic — in forests,
steppes, semi-deserts, deserts, as well as weeds in
crops, gardens and vegetabl e gardens. 500 species of
the genus L amiaceae have been recorded throughout
the world, of which 40 species are in the flora of the
Caucasus, and 27 species in the flora of Azerbaijan.
In Azerbaijan, 2 species of the sage genus are grown,
the remaining species grow wild. The main species
of the essential il genus. Medicinal sage (Salvia of-
ficinalis L.) was accepted as an official medicinal
plant in state pharmacology [4].

Due to its rich chemical composition, it is
widely used in all areas of medicine as an antioxi-
dant, immunomodulatory, and anti-inflammatory
agent [5, 6].

Based on the above, it seems interesting to
study the anti-radiation properties of the extract of
medicinal sage (S officinalis), growing in Azerbai-
jan.
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The purpose of our research was to study the
chemical composition, develop methods for obtain-
ing extracts from the leaves of Salvia officinalis and
study their anti-radiation properties of irradiated
wheat seeds of the Gunashli variety. In parallel, ex-
periments are ongoing to study the radioprotective
properties of the extract in small [aboratory animals.

Material and methods

For the research, we used medicinal sage
leaves in filter bags produced by Herba Flora, pur-
chased from aretail pharmacy chain. Phytochemical
studies were carried out to study the chemical com-
position. Using qualitative reactions and chromatog-
raphy, the content of lipids, essential oils, diterpene
acids, phenolic compounds, macro- and microele-
ments in plants was determined.

Chloroform extraction was performed to ob-
tain lipids. Gas-liquid chromatography was used to
study fatty acids in lipids. Chromatogram condi-
tions: column size 250 — 0.3 cm; stationary phase —
chromatron; carrier gas is nitrogen, hydrogen and
leak rate, nitrogen — 30 ml/min: injector temperature
- 185°C, detector temperature -190°C. Palmitic,
linolic, linolenic and oleic acids were found in the
studied lipids[7].

To study the presence of carotenoidsin lipids,
thin layer chromatography was used. In daylight, ca-
rotenoids appeared in the form of their characteristic
yellow or orange spots, and in UV light they ap-
peared as a coffee color. Afterwards, the chromato-
gram was devel oped with a 10 % alcohol solution of
phosphomolybdic acid and dried in an oven. Carote-
noids appeared in the form of their characteristic
blue spats. In the studied lipid samples, carotenoids
were quantified using a spectrophotometric method.

Alcohalic extracts from sage leaves were pre-
pared by re-extracting the crushed raw material with
70 % isopropyl alcohol by heating in arefluxing wa-
ter bath for three hours. Extraction was carried out
with a general ratio of raw materials and extractant
of 1:20, with constant stirring with a magnetic stir-
rer.

The determination of the main groups of bio-
logically active substances was carried out by thin
layer chromatography: sorbent — silica gel SG 60
(Merck), mobile phase — toluene: ethyl acetate. The
test solution was prepared in the following way: 15
ml of the extract was placed in a separatory funnel
and 20 ml of pentane was removed three times. The
combined extracts were dried with anhydrous so-
dium sulfate, filtered and evaporated to drynessin a
water bath at t < 50°C, the residue was dissolved in
3 ml of toluene. When analyzing a model alcoholic

extract of Salvia officinalis, typical chemical com-
pounds eucalyptola, a-thujone, B-thujone, camphor,
ledol, manool, B-caryophyllene, a-humulen were
identified.

The second stage of our research was to study
the anti-radiation activity of the extract on the
growth and devel opment of wheat seedlingsfrom the
“Guneshli” variety, irradiated at a dose of 200 Gray.

In experiments with plants, wheat seeds of the
“Guneshli” variety were used. Wheat seeds were ir-
radiated at a dose of 200 gray at the URI installation
(K-25) at adoserate of 13.4 rad/sec, source — 60°C.
Experiments were carried out in plastic vessels
measuring 10x20 cm in five repetitions. Morphol og-
ical parameters and growth dynamics of wheat seed-
lings were measured every 7 days for amonth.

In parallel with laboratory experiments, field
experiments were also carried out. The amount of
chlorophyll pigments, carotenoids, and malondialde-
hyde was measured using a Multiscan GO spectro-
photometer. Chlorophyll was extracted from the
leaves with 96 % ethyl acohol. Chlorophyll a (665
nm), chlorophyll b (649 nm) and carotenoids (440
nm) were determined spectrophotometrically from
their absorption spectra. The content of pigments
was calculated based on the fresh weight of leaves
(mg/g) using the Winterman method. Chlorophyll
fluorescence in leaves was measured using a MINI-
PAM instrument (Photosynthetic Yield Anayzer,
Germany). Using the formulas F, = Fn —Fo and
F/Fm, the efficiency of photochemical energy con-
version in the second photosystem was determined.

To determine the MDA content, freshly col-
lected plant |eaves were homogenized with a5 % so-
lution of trichloroacetic acid and then centrifuged
(12000 g) for 10 min at 27°C. Equal volumes of su-
pernatant and 0.5 % thiobarbituric acid were then
added to 20 % trichloroacetic acid and incubated at
96°C for 30 minutes and quickly cooled in an ice
bath. After centrifugation at 12000 g for 10 min, the
optical density of the superprecipitation liquid was
determined at 532 and 600 nm. Data analysis and
statistical analysis were performed using Microsoft
Excel. Statistical analysis was carried out using the
statistical package Stat Graphics Plus5.1. Mean val-
ues were compared using Duncan's multiple test
(p=0.05).

Results and discussion

During field experiments, the effect of 0.1 %,
0.01 % and 0.001 % percent solutions of the extract
on the growth, development, and photosynthetic ac-
tivity of seedlings obtained from irradiated seeds of
the “Guneshli” wheat variety at a dose of 200 gray
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was studied. Morphological, physiological and bio-
chemical studies of wheat seedlings were carried out
in 5 variants of four repetitions: control, irradiated
and treated with solutions of Salvia officinalis ex-
tract in three concentrations (0.1%; 0.01 %;
0.001 %). The studies were conducted at different
stages of wheat seedling development to observe
their changes over time. In these experiments, the
best results in growth and devel opment were shown
by seedling seeds treated with 0.01% and 0.001 %
solutions of Salvia officinalis.

Based on the results of morphological indica-
tors, as indicated, we can conclude that the extract
has a positive effect on the growth and development
of wheat seedlings.

Attheinitia stagesof development in thefirst
10 days, the effect was not noticeable. At the end of
the first month, seedlings obtained from gamma-ir-
radiated seeds and treated with a 0.01 % solution of
Salvia officinalis showed better resultsin growth and
development. At the final stage of the experiments,
the length of the seedlings was equal to that of the
intact variant and even exceeded them (fig. 1).

As is known, when free radicals formed sub-
sequently by radiation interact with the lipids of cell
membranes, lipid peroxidation occurs. One of the
end products is malondialdehyde (MDA), which is
an indicator of the degree of damage to an organ or
the whole organism. To determine the amount of
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malondialdehyde, the thiobarbituric method was
used [8] (fig. 2).

As can be seen from the graph, as a result of
irradiation, the peroxidation product doubles, and
percentage solutions of the extract reduce the MDA
product by about 30 percent. This means that the ex-
tract reduces stress level s and promotes plant devel-
opment.

Based on the results of the experiments, it can
be said that Salvia officinalis extract also has a posi-
tive effect on the physiological and biochemica pa
rameters of seedlings, reducing the yield of lipid pe-
roxidation product.

It is known that the efficiency of the primary
processes of photosynthesis is reflected in the ap-
pearance of plants. Therefore, to study the radiopro-
tective properties of the extract, along with the study
of morphological parameters, we also studied the ef-
fect of different concentrations of the extract on the
yield of photosynthetic pigments and carotenoidsin
gammerirradiated wheat seedlings. It has been
proven that some plant extracts and their composi-
tions, complexes of various biogenic metals, increas-
ing the content of chlorophylls and activating anti-
oxidant enzymes, lead to increased protective and
adaptive reactions of plants [9, 10]. Below are the
results of experiments studying the effect of Salvia
officinalis extract on the amount of photosynthetic
pigments — chlorophylls aand b and carotenoids.

-20 -

time

| —e—intact

200Gy

—te—0,1% Salvia+200Gy |

Fig. 1. Dynamics of growth of wheat seedlings treated with concentrations (0.1 %, 0.01 % and 0.001 %) of Salvia
officinalis extract for comparison with control and irradiated variants. Statistically significant difference from control

level (p <0.05).
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Fig. 2. The yield of malondialdehyde in wheat seedlings irradiated and treated with different concentrations of
Salvia officinalis extract (mmol/g). Statistically significant difference from control level (p < 0.05).

As can be seen from fig. 3, in the irradiated
variant there is a decrease in the amount of photo-
synthetic pigments — chlorophylls aand b and carot-
enoids, and in the variant with Salvia officinalis +
200 Gy, treated with a 0.01 % extract solution, there
is asignificant increase in the amount of photosyn-
thetic pigments and carotenoids compared to the ir-
radiated variant.

To determine the effect of Salvia officinalis
extract on photosynthetic activity, fluorescent char-
acteristics (maximum quantum yield of PS11 - Y) in
seedlings of gamma-irradiated wheat seeds were
studied. Fluorescent methods are based on the fact
that chlorophyllsin photosynthetic membranes serve
asanatural indicator of the state of plant cells. Under
the influence of unfavorable conditions, including
radiation, changes in chlorophyll fluorescence oc-
cur, which serve as a source of information.
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Fig. 3. Effect of different concentrations of Salvia officinalis extract on the amount of photosynthetic pigments
chlorophylls aand b and carotenoids in irradiated wheat seedlings (mg/g). From left to right — control, irradiated variant
(200 Gy), variant with 0.1 % solution of Salvia officinalis + 200 Gy, variant with 0.01 % solution of Salvia officinalis +
200 Gy, variant with 0.001 % solution of Salvia officinalis+ 200 Gy. Statistically significant difference from control level

(p<0.05).
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Disturbancesin the primary processes of pho-
tosynthesis are reflected in changes in chlorophyll
fluorescence. To assess the maximum efficiency of
PS2 (photosystem 11), the index of maximum gquan-
tum efficiency of PSIl — F/Frn — is used. This indi-
cator provides information about the potential quan-
tum efficiency of PSII. A decreasein this value may
indicate a stressed state of the plant and partial dam-
ageto PSII [11].

In previous studies, we discovered the radio-
protective effect of phytoextracts and compositions
of different extracts in wheat seedlings irradiated
with different doses[12, 13]. The radioprotective ef-
fect of Salvia officinalis extract is similar to the ef-
fect of substances of natural origin that we studied.

Theresults of experiments studying photosyn-
thetic activity showed that trestment of whesat seeds
with a 0.01 % solution of Salvia officinalis extract
before irradiation at a dose of 200 Gy increases the
maximum quantum yield of PS1I (fig. 4).

Conclusions

It has been established that a 0.01 % solution
of Salvia officinalis extract eliminates the harmful
effects of gammaradiation, normalizes plant growth,
the synthesis of photosynthetic pigments in leaves,
the functioning of photosystem Il in chloroplasts and
reduces the process of lipid peroxidation of cell
membranes. The extract can be used as a radiopro-
tector for some agricultural plants.
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Fig. 4. Theinfluence of different concentrations of Salvia officinalis extract on the maximum quantum yield of PS
Il — FJ/Fnin seedlingsirradiated at adose of 200 Gy. Statistically significant difference from control level (p < 0.05).
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BUBYEHHS CKJAJY TA MPOTHPATIAIIMHAX BJIACTUBOCTEM ILIABJII JIKAPCBKOI (SALVIA
OFFICINALISL.) HA HACIHHI IIITEHWIII

Mema. 11inb nocnijpKeHHs ToJsTana y BUBYEHHI XIMIYHOTO CKJIary, po3poO1ii crioco0iB OTpUMAaHHS €KCTPAKTY 3 JIHUCTS
Salvia officinalis L. Ta BuBYeHHs iX MpOTHUpaAiallifHUX BIACTHBOCTEH HA OMPOMIHEHOMY HACIHHI MIICHUI COPTY
INonenwti. Memoou. 3a nOmoMOror SKiCHHX peakuiil i xpomarorpadii B pocauHax S, officinalis BcraHoBI€HO BMICT
nimigiB, epipHUX O, TUTEPIIEHOBHX KHUCIOT, ()EHONBPHUX CIONYK, Makpo- i MikpoeleMmeHTH. HaciHHSA mmeHmmi
onpomintoBany Ha ycranoii URI (K-25) 3a morykHocti 13,4 pan/c y m03i 200 I'p. KinbkicTs X710poGhiTbHAX MIrMEHTIB,
KapOTHHOIIB, MaJOHOBOTO JHANBICTIAY BUMIPIOBAIH Ha CIieKTpodoToMeTpi. DIryopeceHmio XIopodily B JIUCTKaxX
BU3Hauaau 3a jgomnomoroto npwiany MINI-PAM. Pesyremamu. 3a pesyapTaramMud MOp(OJOTIYHHX 1 (i3iojoro-
GioximMiuHUX moKa3HHKiB mpopocTki, 0,01 % i 0,001 % excrpaktu S officinaliS mo3uTHBHO BIUTMBAIOTH HA PICT i
PO3BUTOK, MiBHIYIOTh MakcuManbHui kBaHTOBUN BuXig @C II 1 3HWKYIOTh BUXiA MPOIYKTY MEPEKUCHOTO OKHUCIICHHS
ninigi. Bucnoeku. Beranosneno, mo excrpakT S officinalis mae pamio3axucHy Jif0 i MOXKe BHKOPHCTOBYBATHCS SIK
PaIionpOTEKTOP TS NESIKUX CLTbCHKOTOCIOIAPCHKUX POCIHH.

Kntouosi cnosa: TaMma-i3oiAlis, MaJOHOBHMH mianbJerii, (OTOCHHTETHYHI MIrMEHTH, PicT 1 pPO3BUTOK, Salvia
officinalis L.
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