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SPECTROPHOTOMETRIC DETERMINATION OF FLAVONOIDS
Scrophularia nodosa L., WIDESPREAD
IN THE SHAHBUZ REGION OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC

©Seyidov M., ORCID: 0009-0007-6161-9826, Ph.D., Nakhchivan State University,
Nakhchivan, Azerbaijan, mursl.seyidov@mail.ru
©Mahmudova Z., ORCID: 0009-0005-8423-3948, Nakhchivan State University,
Nakhchivan, Azerbaijan, zehrammdl111@ngmail.com

CIHHEKTPO®OTOMETPUYECKOE ONPEJAEJIEHUE ®JIABOHON/J10B BUJA
Scrophularia nodosa L., HHMPOKO PACITPOCTPAHEHHOI'O
B INIAXBY3CKOM PATOHE HAXYBIBAHCKO ABTOHOMHOM PECYBJIUKH

©Ceiiuooe M. M., ORCID: 0009-0007-6161-9826, kano. 6uon. Hayk, Haxuvieanckuil
2ocyoapecmeennblil yHueepcumem, 2. Haxuviean, Azepoatioscan, mursl.seyidov@mail.ru
©Maxmyoosa 3., ORCID: 0009-0005-8423-3948 Haxuviéanckuil 20cy0apcmeeHHblil yHusepcumenn,
2. Haxuwviean, Azepbauoocan, zehrammdl111@ngmail.com

Abstract. Shahbuz region, considered the “flora museum” of the Nakhchivan Autonomous
Republic, occupies a special place in the Autonomous Republic due to the richness of its
biodiversity, especially the diversity of flora species. In fact, this richness is due to the many
species contained in the flora of the region, including wild vegetables, honey and nectar plants,
medicinal plants, as well as essences, alkaloids, saponins, flavonoids, glycosides, grafting agents,
etc. Medicinal plants are of particular importance in this wealth. Some plant raw materials contain
bioactive compounds with a wide range of effects, and the study and application of various
substances in these mixtures, especially flavonoids, has always been the focus of scientific
attention. Particularly, the high biological activity of flavonoids, their broader pharmacological
effects and abundance in the plant kingdom should be considered as the main reasons for
conducting research. A number of flavonoids have antibacterial effects. Thanks to their antioxidant
properties, flavonoids protect the body from harmful environmental influences. In particular, the
use of these substances in medicine and cosmetics, the pharmaceutical and food industries leads to a
further increase in interest in them. Considering that the species Scrophularia nodosa L., widespread
in the Nakhchivan Autonomous Region, including the Shahbuz region, is rich in flavonoids,
qualitative analyzes were carried out to prove the presence of flavonoids in Scrophularia nodosa,
and the amount of flavonoids was determined by the spectrophotometric method. As a result of
laboratory studies, the total amount of flavonoids, determined by spectrophotometric method in the
form of Scrophularia nodosa L., was 5,58%.

Annomayus. Paiion 1llax0y3, cunraromuiica «my3eem ¢uopbl» HaxubiBaHCKOW ABTOHOMHOM
PecnyOnuku, 3aHumaer ocoboe Mecto B ABTOHOMHOW PecnyOnmuke u3-3a OorarctBa CBOETO
Ouopa3zHooOpasusi, OCOOCHHO pazHooOpa3usi BuUIOB (rmopel. dakTuyuecku, 3T0 OOrarcTBO
OOYCIIOBIIEHO MHOXKECTBOM BHOB, COIEPIKAIIMXCSI BO (JIOpE pEerroHa, BKJIFOYAsl AMKHE OBOIIH,
MEIOHOCHBIE W HEKTAapOHOCHBIC pACTCHHUsS, JICKApPCTBEHHBIC pPACTEHHS, a TAaKKe OSCCEHIIHH,
aJIKaJIOU b, CAallOHUHBI, (MIABOHOUIBI, TIIMKO3H/Ibl, IPUBUBOYHBIE CPEICTBA U T. 1. JIekapcTBEeHHbIE
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pacTeHuss UMEIT 0coboe 3HadeHHe B ATOM OorarcTBe. Hekoropble BUABI PaCTUTENBHOIO CHIPbS
cofiepar OMOAKTUBHBIE COCIMHEHUS C IIMPOKUM CIIEKTPOM JCHCTBUS, U U3ydeHHE U MPUMEHEHHE
Pa3NUYHBIX BELIECTB B ITHUX CMECSX, OCOOCHHO (DI1aBOHOMIOB, BCeraa ObUIO B IEHTPE BHUMAHUS
yueHbIX. B 4acTHOCTH, BBICOKYIO OMOJOIMYECKYI0 aKTMBHOCTH (pJIaBOHOMJOB, UX OoJiee MHUPOKOE
bapmakoornyeckoe JeilcTBUe M OOWIME B PACTUTEIBHOM MHpE CIEQyeT paccMarpuBaTh Kak
OCHOBHBIE  MPUYMHBI  TpoBeldeHUs  ucciaenoBanuil. Psg  ¢maBonommoB  oOmajaror
aHTHOAaKTepHaIbHBIM JeWcTBUEM. biaromapsi CBOMM aHTHOKCHJIAHTHBIM CBOMCTBaM (hIIaBOHOM/IBI
3aIIMIIAIOT  OpPraHu3M OT BpPEIHBIX BO3JEHCTBUM OKpyXKawlled cpenbl. B dactHOCTH,
UCIIONIb30BAaHUE DJTHUX BEIIECTB B MEIWILMHE W KOCMETHKe, (papMalleBTUUECKOW U MHUIIEBOU
MIPOMBIIUICHHOCTH NPUBOAUT K JajbHEHIIeMy pOCTy HHTEpeca K HHUM. YUUThIBasg, YTO BHUJ
Scrophularia nodosa L., mupoko pacmpocTpaHeHHbIi B HaxubIBaHCKOH aBTOHOMHOM 00JacTH,
Biurovas [llaxOy3ckuii paiioH, Gorar (rnaBoHOMAaMHU, ObUIM TIPOBEICHBI KAu€CTBEHHBIC AaHAH3BI,
JoKa3bIBaroIIue Hamunuue ¢aaBoHouaoB B Scrophularia nodosa, u komuuecTBo (y1aBOHOUIOB OBLIO
OTIpE/IeTICHO CIEKTPOGOTOMETPUUECKUM METOAOM. B pesynbTare 1abopaTopHBIX HCCIEI0BaHUM
obmiee KOIWYECTBO (PITABOHOMIOB, OIPENEIEHHOE CHEKTPO(POTOMETPHYECKUM METOIOM B
Scrophularia nodosa L., cocrasuiio 5,58%.

Keywords: Scrophularia nodosa L., qualitative analyses, flavonoids, spectrophotometry.

Kniouesvie cnosa: Scrophularia nodosa L., kadecTBeHHbIe aHAIW3bI, (JIABOHOM/IBI,
CIIEKTPOPOTOMETPHS.

According to APG IV data as of June 2024, there are 2,350 known species belonging to 60
genera of the family Scrophulariaceae Juss. As a result of research in the late 20th century and early
21st century, many genera of the family Scrophulariaceae Juss were included in other families
included in the suborder Lamiaceae, most notably Plantaginaceae and Orobanchaceae. Currently,
in the Nakhchivan Autonomous Republic there are 44 species of this family, included in 6 genera
[1]. A. Askerov It is shown that in the flora of Azerbaijan there are 30 species of the genus. It is
known that 17 species of the genus are widespread in the Nakhchivan Autonomous Republic [9]. 12
species of the genus Scrophularia L. were discovered in the Shahbuz region:

Scrophularia atropatana Grossh. This is a biennial glabrous plant. The stems are straight,
quadrangular, simple, purple in color. The leaves are petiolate, ovate or almost round. The crown is
dark red-brown.

Scrophularia nachitchevanica Grossh. Biennial green plant, hairy or slightly powdery. The
body is flat and simple. The leaves are lance-shaped or lance-shaped-rectangular. The group of
flowers (young) has the shape of a pyramidal broom or rectangle. The crown is black-brown-red.

Scrophularia chrysantha Jaub et Spach. Biennial plant. The stem is thickened, quadrangular,
hollow inside, slightly pubescent. The leaves are alternate, the lower ones are long-petiolate, the
upper ones are almost sessile, heart-shaped, triangular and obtuse. The flowers are numerous, the
corolla is 6-7 mm long, yellow.

Scrophularia ilvensis C. Koch. Annual, glabrous, stem erect, quadrangular, simple, usually
purple. Leaves vary from short-petiolate, ovate (bottom) to oval-oblong and oblong-lanceolate. The
flowers are collected in a semi-umbrella, the crown is matte red.

Scrophularia olympica Boiss. It is a perennial, bare plant. The stem is numerous, simple or
with few branches, purple in color. The stem is numerous, simple or with few branches, purple in
color. The lower leaves are alternate, others alternate, sometimes entire and serrated, ovate or ovate-
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oblong, swallow-toothed, lyre-shaped, pinnately dissected or pinnately dissected. The crown is
yellowish, the upper part is purple.

Scrophularia orientalis L. Perennial, stem glabrous or very sparsely pubescent. The leaves are
slightly twisted, ovate or oblong-lanceolate. The crown is spherical, yellowish-green on the outside,
purple at the base, sometimes purple-striped.

Scrophularia rupestis Boiss. Perennial, stem straight, slightly quadrangular. The leaves are
oblong-ovate. The flowers are yellow, the upper lip is dark red, 5-6 mm long. The flower group is
broom-shaped.

Scrophularia thesioides Boise & Buhse. Perennial, glabrous, stem thin, straight, sometimes
curved, purple in color. The leaves are divided into 1-3 pairs of long, narrow-linear and pointed
lobes up to 1 mm wide. The inflorescence is paniculate, the crown is purple.

Scrophularia alata Gilib. var. glandulosa Karjag. A perennial glabrous plant, the stem is
straight, four-lobed, narrow-leaved. Leaves with winged petioles, oval-rectangular, acute or obtuse,
round or slightly heart-shaped. The calyx is about 6-8 mm long, red-brown, greenish, tube-shaped.

Scrophularia variegata Bieb. Perennial, glabrous or with very short glandular white hairs, the
stem is reddish, straight, simple or sometimes branched. The leaves are oblong, deeply pinnately
dissected or pinnately dissected. The flower crown is variegated, yellowish, with a brownish-red
upper lip.

Scrophularia umbrosa Dumort. Perennial, erect, tetrahedral stem, leaf petioles filmy, edged
and bare. The leaf blades are oblong-ovate. The crown is green, purple-yellow or brown, the middle
part of the lower lip is slightly narrow.

Scrophularia nodosa L. It is a perennial glabrous plant 50-125 c¢cm high, sometimes with
sparse glandular hairs in the floral group and tuberous thickened rhizomes. The trunk is sharp,
quadrangular, erect. The leaves are ovate, wide heart-shaped at the base, the edges are pointed,
sawtooth, and have stems 1-2.5 cm long. Inflorescences lanceolate or linear-lanceolate. Pedicels are
linear, 5-10 times shorter than the pedicel. The calyx is bare, the segments are broadly ovate,
obtuse, the edges have a narrow white border. The crown is dark, 7-9 mm long, olive or brownish-
green, the lower part of the tube and fold are predominantly green, the upper part and posterior part
are brownish-red, the lobes of the upper lip are twice as long as the lateral lobes of the lower lip.
Blooms from May to August. Found in humid areas of forests in the middle zone. It is also found in
Batabat, Kuku, Keceldag of Shahbuz district [3].

The plant contains carbohydrates and related compounds: dulcite, organic acids: fatty and
malic, iridoids: aucubin, harpagide, saponins, vitamins: vitamin C, phenylcarboxylic acids:
cinnamic acid, flavonoids. Carbohydrates are widespread in the underground parts of the plant:
sucrose, aucubin from iridoids, catalpol, methylcatalpol, harpagide. Along with them, there are
saponins, alkaloids, nitrogenous compounds: choline, phenylcarboxylic acids and their derivatives:
cinnamon, ferul, caffeine, vanillin, coumarins and flavonoids. The plant contains the alkaloid
scrofularine, making it particularly toxic to horses and ruminants. The plant is widely used in folk
medicine. The plant can have anti-inflammatory, wound-healing, diaphoretic and antipruritic
effects, as well as laxative, diuretic, emetic and antiparasitic properties. The therapeutic effect of
Scrophularia nodosa L. has been the subject of several clinical studies conducted by Chinese
scientists. These studies showed that the plant has a powerful analgesic effect with virtually no side
effects The plant extract reduces swelling, infiltration and proliferation of activated T-lymphocytes
in joint tissues, and suppresses inflammatory factors. Thus, it has been confirmed that Scrophularia
nodosa can be a powerful analgesic and anti-inflammatory agent [5, 7].
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Material and methodology of the study

The species Scrophularia nodosa L. taken for the study was collected in the vicinity of the
village of Kuku, Shahbuz district. The collected plant was left to dry after being cleared of foreign
impurities. Part of the dried plant is crushed in a mortar and pestle. The crushed part of the plant
was used to isolate flavonoids according to the analytical procedure.

Initial weight was determined by weighing the collected plant material after collection. The
weighed plant material was allowed to dry and, once dry, it was weighed again.

After determining the difference between both masses, the amount of moisture in the raw
material was calculated. The percentage loss of moisture from the raw material during drying (x)
was calculated using the following formula:

(m —m,) 100
Xe—m

Here m -is the mass of the raw material sample in grams before drying, m1- is the mass of the
raw material sample after drying. The weight of 300 grams of wet plant mass taken for the
experiment after drying was 259 grams. According to the results of the experiments, the plant
Scrophularia nodosa L. had a loss of moisture.

_ (300-269) 100
300

X =13,67%

Flavonoids are more abundant in various plant organs, especially in above-ground organs
(flowers, leaves). Moreover, the flowers are richer in them. In plants, flavonoids are found in the
form of glycosides and in free form. Under the influence of enzymes, they are broken down into
sugars and aglycones. To determine the resulting flavonoids, qualitative reactions were carried out;
for comparison, a 0.1% alcohol solution of rutin was used during the work [8].

Reaction with alkali. When adding 1-2 drops of a 10% alcohol solution of sodium hydroxide
or potassium hydroxide to 1 ml of extract, the natural color of the solution intensifies.

Reaction with aluminum chloride (AICI3). To 1 ml of the resulting solution add 1 ml of a 2%
alcohol (C2H50H) solution of aluminum chloride, the solution turns yellow.

Cyanidin reaction or Shinoda reaction. To 1 ml of the resulting solution, add 2-3 drops of
hydrogen chloride (HCI) solution and a certain amount of magnesium (Mg) residues; as a result of
reduction with magnesium, the solution turns red or orange.

Reaction with iron-3 chloride (FeCls). When 2 drops of 1% ferric chloride solution are added
to 1 ml of extract solution (extract), the color of the solution turns brown or green [2, 6].

Determination of the amount of flavonoids in the herb Scrophularia nodosa L. by
spectrophotometric method. The spectrophotometric method of analysis plays a key role in
determining the amount of biologically active substances in plants. The spectrophotometric method
depends on the wavelength and absorption intensity of the incident light. With spectrophotometric
analysis, even if the solution concentration is low, the accuracy of the analysis is high. The accuracy
and sensitivity of the results obtained make this method widely used. Spectrophotometry is widely
used in studying the composition of various compounds, in the qualitative and quantitative
determination of substances.

Discussion and conclusions of the study
The plant under study (Scrophularia nodosa L.) is crushed and passed through a sieve with a
pore size of 1 mm.1 g of sifted pomegranate is carefully weighed from the raw material and poured
into a 150 ml flask. 30 ml of 50% ethyl alcohol is added to the raw material. The flask is then
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connected to reflux and simultaneously heated in a hot water bath for 30 minutes. During this time,
the flask is periodically shaken to moisten the particles of raw materials adhering to the walls of the
flask. After 30 minutes, the hot extract is filtered through a cotton swab into a 100 ml flask. During
filtering, care should be taken to ensure that raw material particles do not fall on the cotton wool.
After completion of filtration, the cotton wool used for filtration is placed back into the extraction
flask and 30 ml of 50% alcohol (C,HsOH) is added to it. The extraction process is repeated twice in
the same way. After each process, the resulting extract is filtered into a flask containing the same
extract. After mixing all the extracts obtained, the entire solution is filtered through a paper filter
into a flask of the same size. The filter paper is washed with 50% alcohol. After the total solution
has cooled to room temperature, add 50% alcohol to the mark on the flask.

After solution A is prepared, we continue to work. To do this, add 1 ml of solution Ato a 25
ml volumetric flask and add 2 ml of a 2% solution of aluminum chloride in 95% ethyl alcohol. Then
we bring the volume of the solution in the flask to the required value by adding 95% ethyl alcohol.
After waiting 40 minutes, we measure the optical density of the resulting solution using a
spectrophotometer (Boeco Germany S-220 Spectrophotometer) at a wavelength of 415 mm, in a
cuvette with a layer thickness of 10 mm.

To prepare a reference solution, pour 1 ml of extract into a 25 ml volumetric flask and add 1
drop of concentrated acetic acid. Then 95% alcohol is added to the solution to the size of the flask
and mixed A standard solution of rutin is prepared in the same way and its optical density is
measured under the same conditions.

After completing the measurements, determine the amount of flavonoids in plant raw
materials as a percentage relative to rutin using the following formula:

X= D myg 100 100 100
Do m 100 (100-W)

Here D- is the optical density of the solution under study; Dy — optical density of standard
rutin solution; m — mass of raw materials in grams; mo- is the mass of the standard rutin sample in
grams; W — percentage weight loss during drying.

It should be noted that the quantitative determination of the spectrophotometric optical
density of the solution should not be carried out less than 6 times. The calculation is made based on
the average value of the results [4]. The following table presents the results of spectrophotometric
measurements of the Scrophularia nodosa L. plant extract and the standard rutin solution (Table).

Table
RESULTS OF SPECTROPHOTOMETRIC MEASUREMENTS OF Scrophularia nodosa L.
EXTRACT AND STANDARD RUTIN SOLUTION
Number of Scrophularia nodosa L extract. Standard solution of rutin
measurements Optical density,D Solution Optical Solution
viscosity,C density,DO viscosity,C
1 0,342 0,921 0,353 0,952
2 0,332 0,891 0,359 0,975
3 0,337 0,896 0,350 0,961
4 0,328 0,885 0,345 0,937
5 0,329 0,910 0,347 0,941
6 0,338 0,908 0,351 0,936

By substituting the calculation results into formula 1, it is possible to calculate the percentage
of flavonoids in the raw material of Scrophularia nodosa L. compared to rutin.
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D=(0,344+0,332+0,337+0,328+0,339+0,338):6=0.336; M 0=0.05; D
0=(0,353+0,359+0,355+0.342+0,346+0,341):6=0.349; m =1

Indicators:D= 0,336, D0= 0,349, m= 1,0 m0= 0,05,W= 13,6
0,336 0.05 100 100 100
0,349 1100 (100-13,67)

X= =5,58%

From the obtained result, it is known that the percentage of flavonoids in the raw material of
Scrophularia nodosa L. is 5.58% compared to rutin.

Results

After positive results of the identification reactions of flavonoids in the raw materials of
Scrophularia nodosa L., their quantity was determined. As a result of a spectrophotometric study, it
was found that the leaves and flowers of Scrophularia nodosa L. contain 5.51% of the total
flavonoids..

It has been established that the plant Scrophularia nodosa, which is widespread in the
Shahbuz region and has a rich raw material base, is a valuable alternative natural source for
purchasing flavonoids individually. It is possible to continue scientific research in the direction of
obtaining medicines based on flavonoids.
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SALT INDUCED CHANGES IN MORPHO-PHYSIOLOGICAL PARAMETERS AND
ULTRASTRUCTURE OF ROOTS IN MAIZE PLANTS (Zea mays L.)
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N3MEHEHUS MOP®O-OU3NOIOI'MYECKHUX ITAPAMETPOB
U YJIIBTPACTPYKTYPbI KOPHSI Y PACTEHUU KYKYPY3bI (Zea mays L.)
ITPU COJIEBOM CTPECCE
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Abstract. The effect of salt stress on several morpho-physiological characteristics of maize
plants has been investigated in this study. Maize seedlings were treated with 0, 1, 2, and 3% NaCl
for 5 days. It was shown that due to salinity, the growth traits (length of root and plant, fresh weight
and dry weight of root and seedlings, leaf area, salt tolerance index, RWC, etc.) are significantly
reduced. The relative water content in the leaves of the plant decreased gradually with increasing
NaCl levels. High salt stress had a strong on root growth. Based on our results on the ultrastructure
of the root obtained by electron microscopy, salinity slightly damaged the root anatomy.

Annomayus. V3ydeHo Bo3zjaelcTBHE cOM Ha MOP(}O-(U3HONIOrHMYEcKHe XapaKTePUCTHKU
pacteHui Kykypy3bl. CaxkeHIIbI KyKypy3bl oOpabarsiBanuch pactBopamu NaCl konuenTpanmeit 0%,
1%, 2% n 3% B TeueHue 5 nHeW. Pe3ynprarhl mokasaiu, 4yTo MOA BO3AECHCTBUEM COJIEBOTIO CTpeEcca
3HAYUTEIPHO CHM3WINCH pa3jMYHbIE MapaMeTpbl pOCTa, BKJIIOYAs [UIMHY KOpHEH W pacTeHUH,
CBEXKYI0 M CYXYI0 Maccy KOpPHEH M CaKEHIEB, IUIOIAIb JIUCTA, MHAEKC COJEYCTOMYMBOCTU H
otHocutenbHoe coxepxanue Boasl (RWC). C yeenmuyenmem konunentpanuu NaCl conepikanue
BOJIbI B JIMCTBSX MOCTENEHHO CHUXkaloch. CoJeBOll cTpecc OKazajd 0COOCHHO CHIIbHOE BIMSHUE Ha
poCT KOpHEH. YIbTPacTPyKTYpPHBINH aHAJIU3 KOPHEU C MCIIOJIb30BAHUEM AJIEKTPOHHOTO MHUKPOCKOIIA
MOKa3ajl HE3HAYUTENIbHbIE aHATOMUYECKHUE MOBPEXK/IEHNU S, BbI3BAHHBIE COJIEBBIM CTPECCOM.
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Knouesvie crnosa: Kykypy3a, COIEBOH CTpecc, KOPEHb, YIBTPACTPYKTYpa, (PUTOTOKCUYECKOE
BO3JICIICTBHE.

The plant growth is controlled by a multitude of physiological, biochemical, and molecular
processes and photosynthesis is a key phenomenon, which contributes substantially to the plant
growth and development [1]. Different growth- and development-related processes depend on the
interplay of intracellular organelles. The chloroplast is the key organelle for photosynthesis, in
which both light and dark reactions of photosynthesis take place. However, this organelle is highly
sensitive to different stressful environments such as salinity, drought, extremes of temperature,
varying light intensity and it plays an important role in the formation of stress responses [2].

Soil salinity is an environmental factor that limits crop productivity. Salinity restricts plant
morpho-physiological processes due to osmotic disturbance and ionic stress [3].

Salt stress affects seed germination, growth, and development of plants by altering
physiological and metabolic processes that eventually lead to a reduction in yield [4].

It was shown that salt stress could restrict photosynthesis by decreasing photosynthetic
pigments [5].

Salinity reduces leaf area and photosynthetic rate and alters the light phase of photosynthesis
by inducing osmotic stress [6]. The negative impact of salinity on plant growth and metabolisms has
been attributed, principally, to enhanced Na* ion uptake, which causes an excess of Na* ions in plant
tissues [7].

Plant responses to salinity have been discussed over some decades and substantial research
has been focused on the alterations of the growth parameters (i.e. plant height, root length, leaf area,
fresh and dry weight) [8].

In recent years, progress has been made in understanding the chemical signaling related to the
response of roots to stress conditions (changes in ABA concentrations, ethylene, reactive oxygen
species) [9].

There are many reports which show that salinity induces water deficit in many crop species
such as maize, sunflower, potato, and soybean [10].

Salt stress causes an increase in reactive oxygen species (ROS) which thereby accelerate toxic
reactions as lipid peroxidation, protein degradations, and nucleic acid mutations [11].

Maize (Zea mays L.) is the third most important cereal crop after rice (Oryza sativa L.) and
wheat (Triticum aestivum L.) and is grown under a wide spectrum of soil and climatic conditions. It
is an important C, plant from the Poaceae family and is moderately sensitive to salt stress. A
morphological feature of the plant caused by salinity stress is an expression of various physiological
interactions as a response to salinity stress. Numerous studies showed the negative effect of salinity
on plant growth, leaf area, length, and number as the increase of salt concentration [12].

Morphological deterioration of plant organs caused by salinity might be preceded by the
damage of plant anatomy and ultrastructure. In the present study, we have examined the salt-
induced changes in morpho-physiological parameters and the ultrastructure of root and chloroplasts
in maize plants.

Materials and methods
Plant material, treatments, and growth conditions: Seedlings of the maize plant (Zea mays L.,
cv. Zagatala-420, C4 type NADP-malic enzyme) were cultivated in a pot and grown in the growth

chamber with a 14 h photoperiod of day/night regime at 26/22 °C, light intensity - 600 pmol m 281
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and relative humidity of about 70%. Salinity treatment was started after the second leaf blades of
the plants were fully developed by supplying 50 ml of O (control), 1, 2 and, 3% NaCl stock
solutions every day. Distilled water served as control. The soil was kept moist by the addition of
respective stock salt solutions at regular intervals. Each treatment was replicated five times in which
a pot was considered as one replicate. After salt treatment for 5 days, the plant samples were taken.

Growth parameters: Samples were taken after the exposure of the maize plant to salt stress,
the length of seedlings and roots, fresh and dry weight were determined.

Seedling growth: The root and leaf lengths were measured by using a centimetres scale. The
biomass of the seedlings was determined based on fresh weight.

Leaf area: The leaf area was determined following the formula of Carleton and Foote [13]:

Leaf area (sm?) = max-leaf length x max-leaf width x 0.75

where 0.75 is a correction factor.

Relative water content (RWC): Was determined gravimetrically and calculated using the
following formula:

RWC (%) = (FW-DW)/(TW-DW) x 100
where FW-fresh mass, DW-dry mass, TW-turgid mass.

Phytotoxicity of root: Phytotoxic effect of salt on the growth of roots of maize seedlings was
determined after salt treatment for five days, applying the formula of Chou and Lin [14].

Phytotoxicity of root (%) = Root length in control-Root length in treatment =100
Root length in control

Tolerance index: The tolerance of seedlings against tested concentrations of NaCl was
estimated by Wilkinson tolerance index (WTI) [15]:

e = (Imeflc) % 100

where Ine- an increase in the root length caused by NaCl
where Ic- an increase in the root length in control

Light (LM) and Transmission electron microscopy (TEM): Plant samples were taken and
fixed in 0.1M phosphate buffer (pH - 7.4) containing 2.5% glutaraldehyde, 2% paraformaldehyde,
4% sucrose, and 0.1% picric acid. Samples were postfixed in 1% osmium tetraoxide solution within
2 h after being left in the same fixer for one day. Araldite-Epon blocks were made from materials
using general methods [16].

The semi-thin (1-2 pm) sections from the blocks taken on an EM UC7 (Leica, Germany)
ultra-microtome, stained with methylene blue, azure I, and mainly with a fixer or toluidine blue
were observed under light microscope Primo Star (Zeiss, Germany) and images of required portions
were shot with EOS D650 (Canon, China) digital camera [17].

Statistical analysis: The paper presents data of three experiments carried out in three
replicates. Calculations, graphs, and their descriptions were performed using the applications
Microsoft Office Word 7 and Excel 7 for Windows XP.
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Results
It is clear from the obtained data that applying NaCl resulted in a significant reduction in root
length as well as the fresh and dry weight of the root and leaf compared to the respective control
plants. Based on our results, due to salinity, the growth traits (length of root and plant, fresh weight
and dry weight of root and seedlings, leaf area, etc.) were significantly reduced. Figure 1 shows
maize seedlings grown at various concentrations of salt (0, 1, 2, and 3% NaCl).

0% } "n 1% | 2%, 3%\

) !

Figure 1. Maize seedlings grown under control (0% NaCl) and salinity stress (1, 2 and 3% NacCl)
conditions

The response of roots to salinity stress indicates the salt tolerance potential of the plant. In the
present study, the root length significantly decreased with increasing NaCl concentrations (Table).
As shown in the table, a significant reduction in root growth of maize plants was observed at high
concentrations (2 and 3%) of NaCl, which is attributed to the reduced water content due to declined
water adsorption caused by induced osmotic and drought stresses. Dry matter of plants exposed to
NaCl decreased significantly and the reduction was severe when treated with 3% NaCl (Table).
Salinity affected the reduction in growth parameters such as root and plant length and dry mass. It
was shown that the relative water content (RWC) in the leaves decreased gradually with increasing
NaCl levels (Table).

Table
GROWTH CHARACTERISTICS OF MAIZE PLANTS UNDER SALT STRESS
(seedling and root length, fresh mass and dry mass, leaf area, relative water content)
Treatments  Fresh mass, ¢ Dry mass, g Length, sm Leaf area, sm? Relative water
content, %
Seedling
0% NacCl 3.84+0.13 0.360.04 18.80+1.52 114.84+1.7 81.2+14.91
1% NaCl 2.56+0.12 0.27+0.05 18.53+1.44 76.24+1.5 76.7+£14.22
2% NaCl 2.51+0.12 0.23+0.03 15.20+1.33 62.16+3.1 68.9+13.48
3% NaCl 2.10+0.11 0.20+0.02 12.70+1.12 54.90+2 .4 61.4+12.21
Root
0% NacCl 1.27+0.10 0.14+0.03 6.74+2.45
1% NaCl 0.94+0.32 0.08+0.02 6.68+1.36
2% NaCl 0.71£0.38 0.06:£0.02 5.74+1.40
3% NaCl 0.57+0.27 0.05+0.01 4.21+1.33
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The decrease was 5.54%, 15.14% and 24.39%, for 1%, 2% and 3% NaCl, respectively as
compared to the control. Leaf water potential was also shown to decrease significantly under salt
stress.

Salinity stress showed a strong phytotoxic effect on root growth at high salt concentrations (2
and 3% NacCl). The phytotoxicity of root increased as the concentration of salinity increased (Figure
2). The lowest root phytotoxicity of NaCl was observed in control and at 1% concentration of NaCl.
The highest phytotoxicity of root (76.24%) was observed at 3% NaCl.
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Figure 2. Effect of NaCl concentrations (mM) on phytotoxicity of roots in maize plant

Salt tolerance indexes (STI) were commonly higher in the lower salinity levels than in
increased salinity levels. Salt tolerance index is a function of both germination rate and total dry
weight; therefore, it is a more useful selection criterion. In our experiments salt tolerance index
values were 82.67% at 1%, 58.98% at 2% and 24.01% at 3% NaCl, respectively (Figure 3).
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Figure 3. Salt tolerance index of maize plant at different NaCl concentrations

We also investigated the ultrastructure of root in maize plants. Changes in the anatomical
structure of the maize plant root under salt stress were studied by light microscopy (Figure 4).

Root cross — section of the control plant contains intact tissues structure. The ultrastructure
of the root consists of a well-developed cortex part and core in plants grown under normal
conditions. The epidermal tissue consisted of a layer of cells surrounding the inner part of the root
in a complete circle form. At the same time, the cortex is surrounded by the epidermis and
endoderm from the inside, and there are veins and a layer of phloem in the central part. The cortex
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was filled with the intact parenchyma tissue. Pith located in the central region of the root has a
similar performance of parenchymal cells as in the cortex. The stele consisted of pericycle, phloem,
xylem, tissues, and surrounding Pith at the inner part. The salt-treated plant root was different from
the control plant as observed by light microscopy (Figure 4). As can be seen from the figure (Figure
4 C, D), we observe the shrinkage of the cortex and core at a 2% concentration of salt, and the
disruption of the core at a concentration of 3%.
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Figure 4. Ultrastructure of bundle sheath (BS) cell chloroplasts in the middle part of the mature second
leaf blades in Zea mays after NaCl treatment for 5 days. (A) Chloroplasts of the control (0% NaCl) plant. (B)
Chloroplasts of 1% NaCl-treated plant. (C-D) Chloroplasts in the bundle sheath cell of 2% and 3% NaCl —
treated plants, respectively, with developed granal stacking; black arrows indicate lipid droplets; white thick
arrows indicate granal stacking. Electronograms of ultra-thin sections (50-70 nm). The stains used were
uranyl acetate and pure lead citrate

Discussion

Salinity stress is known to be one of the major abiotic stresses that limits plant growth and
productivity [1; 4]. Plants grown under increased salt concentration are not able to take up water
minerals like K* and Ca* that finally leads to a reduction in growth and inhibition of elongation and
cell division [18; 19]. Under salt stress, the suppression of root and plant growth may either be due
to osmotic reduction in water availability or to the extreme accumulation of ions, known as the
specific ion effect [20]. Similar findings were reported by [10; 22; 23].

The research on seedlings exposed to various NaCl concentrations has confirmed that
morpho-physiological parameters (length of root and seedlings, fresh and dry weight of root and
seedlings, the area of leaf, root phytotoxicity, salt tolerance index, RWC) of maize plants are
sensitive to salt stress. In general, no significant changes were observed in the samples exposed to
1% NaCl. However, high concentrations of salt (2 and 3% NaCl) had a negative effect on almost all
growth parameters. Based on the data of the present investigation, due to salinity the root length
significantly decreased (Table). This is attributed to reduced water content caused by declined water
adsorption under osmotic stress. Konuskan et al. also reported that the root length of different maize
genotypes showed significant differences at different salinity levels [24]. Ellouzi et al. reported that

Tun auyensuu CC: Attribution 4.0 International (CC BY 4.0) 25



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne3 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/112

reduction in biomass and growth could be due to higher Na* concentration in the roots and shoots of
Arabidopsis thaliana and ionic toxicity and decreased osmotic potential [25]. A decrease in the dry
weight of roots and seedlings was noticed also by other authors. The growth parameters and mineral
contents-Na, Ca, K, and Cl were investigated in salt-treated and control plants. Results indicated
that the NaCl stress markedly reduced the root and plant length, fresh and dry masses. The authors
show that Na* and CI” contents increased with increasing NaCl concentrations, while Ca** and K*
decreased significantly [26; 27].

The present results are in line with findings regarding the reduction of water content due to
increasing NaCl salinity. The decrease of relative water content in stressed plants may be associated
with the decrease of plant dynamism [26]. Salinity stress showed a strong phytotoxic effect on the
root at high salt concentrations. The increased phytotoxicity might be due to the inhibitory or toxic
effect of salinity, which is usually observed in the elongation of radicals. Similar findings were
reported by Navarro et al. [28] and Kaya et al. [29].

Generally, increasing salinity levels decrease plant growth parameters in the maize plant. It
was indicated that the salt tolerance index was a dependable criterion for salinity tolerance in early
growth stages of maize [12; 24]. Khatoon et al. defined that maize was more sensitive to salt stress
in the germination stage than later growth stages [30]. The highest STI values were shown to
correspond to the highest salt tolerance of plants [31]. It is very important to select salt-tolerant
genotypes during germination and seedling growth for plant growth and yield [32]. The salt
tolerance index decreased significantly, while salinity levels increased as in other investigated
characteristics.

It was established that high salinity affects plants in several ways: water stress, ion toxicity,
oxidative stress, alterations in the metabolic processes, membrane disorganization, genotoxicity [1;
3]. Together, these effects reduced the growth and development of plants. Our results are in
agreement with the reports of other authors revealing a negative relationship between growth
parameters and increasing salinity [12].

In our study, we found that the cortex was reduced in stressed roots as compared to control
(Figure 4C). Reductions in vascular cylinder and parenchyma were proportional to each other at
high salt levels. Changes in shape, size, and thickness of cortical cells were also observed under
stress conditions (Figure 4D). We concluded that high salt content affects plant growth by
modifying their anatomical traits. Similar changes of the maize plant were shown by Hasan and
Miyake [33].

Thus, exposure of maize plants to NaCl stress induces various morphophysiological and
ultrastructural changes related to plant growth and development. Reduction in the growth of maize
plants under salts stress may result from its effect on ion relations, water status, biochemical
reactions, and many physiological factors [34]. The reduction in leaf area of the maize plant under
salt stress can be considered as a physiological response, which minimizes water loss when the
stomata closed. It is known that the reduction in leaf area in salt-treated plants can be explained by a
decrease in leaf turgor and decreased photosynthetic rate [5]. The susceptibility of maize plants to
high concentrations of NaCl is demonstrated by growth reduction and loss of fresh and dry mass as
shown in our experiments. These effects are probably due to an increase and translocation of Na*
and CI  ions to the leaf tissue, which causes alterations in the osmotic potential [19].

Conclusion
The research on seedlings exposed to various NaCl concentrations has confirmed that
morpho-physiological parameters (length of roots and seedlings, fresh and dry weight of roots and
plants, the area of leaves, root phytotoxicity, salt tolerance index, RWC) of maize plants are
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sensitive to salt stress. Salinity stress showed a strong phytotoxicity effect on the root at high salt
concentration. The present results are in line with findings regarding the reduction of water content
due to increasing NaCl salinity. The salt tolerance index decreased significantly while salinity levels
increased. Based on the obtained results, there is a negative relationship between growth parameters
and increasing salinity We conclude that exposure of maize plants to NaCl stress induces various
morphological and ultrastructural changes related to plant growth and development.
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BTOPUYHBIX METABOJIMTOB B PACTEHUAX
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BIOCHEMISTRY AND PHARMACOLOGICAL EFFECTS
OF SECONDARY METABOLITES IN PLANTS

©Abbasli S., ORCID: 0009-0002-7238-0885, Nakhchivan State University,
Nakhchivan, Azerbaijan, semennazabbasli@ndu.edu.az
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Annomayus. PaccMoTpeHbl OMOXMMHUSI BTOPUYHBIX META0OIMTOB U MX (PapMaKOJIOrMUeCKHe
s¢dextrl. [lpeacraBieH KpaTkuii aHaIW3 JUTEPATYPHBIX JAHHBIX O BTOPUYHBIX METaOOIUTax U
cnoco0ax WX HCHojib3oBaHUs. llpeacraBieHa KparTkas XapaKTEpUCTHKA M JaHO UX ONHCAaHUE.
Bropuunbsie MeTaboiuTBhl pacTeHUl MMEIT OOJbIIOoe 3HAYEHHWE HE TOJNBKO C OMOXMMMYECKOH U
HKOJIOTUYECKOM, HO M ¢ (apMakoJorMueckoi ToukM 3peHus. Mx aHTHOaKTepHalbHOE,
IIPOTUBOTrPUOKOBOE, IMPOTUBOBOCIAIUTEIBHOE, AHTUOKCUJAHTHOE U IPOTUBOPAKOBOE JEHCTBUE
HaIUIY [MIMPOKYIO 001acTh IPUMEHEHHS B MEUIIMHE.

Abstract. The biochemistry of secondary metabolites and their pharmacological effects are
considered. A brief analysis of literary data on secondary metabolites and methods of their use is
presented. A brief characteristic and description are given. Secondary metabolites of plants are of
great importance not only from a biochemical and ecological point of view, but also from a
pharmacological point of view. Their antibacterial, antifungal, anti-inflammatory, antioxidant and
anticancer effects have found a wide range of application in medicine.

Kniouesvie cnosa: BropuuHble METa0OIUTHI, ANKAJIOUIbI, (PapMaKOIOTHSI.
Keywords: secondary metabolites, alkaloids, pharmacology.

PacTeHuss mpoM3BOIAT pa3iMyHble OMOXMMHMYECKHE COEAMHEHHs, 4YTOObl BBDKHTH U
aJanTUPOBaThCsl K OKpyXarouied cpeae. XoTs HEKOTOPbIE M3 3THUX COEJUHEHUH SABIAIOTCA
MEepBUYHBIMU MeTabonuTaMu (YIJIeBOAbI, JUMHUIBI U O€JKH), IPYrHe Ha3bIBAIOTCSI «BTOPUUYHBIMU
MeTabOoIUTaMU» U BBIMOJHSIOT 3KOJOTWYECKUE WIIM 3allUTHBIE (PyHKIUHU, HE OyIyud CBSA3aHbI C
KM3HEHHBIM LIMKJIOM pacTeHUH. BTopuyHbIE META0OIUTHI — 3TO COEUHEHUS, KOTOPhIE YCUIUBAIOT
€CTECTBEHHBIE 3aLUTHBIE CUCTEMBl PACTEHUIN M IO3BOJIAIOT UM BBDKUBATh B PAa3IMUYHBIX CpPENaX.
Taxoke 3TH coeMHEHUsI OYeHb BaXKHBI ¢ (hapMaKOJIIOTHYECKOW TOUKHM 3peHus. B 3Toii crarbe Oynet
00cy»aaTbcsi OMOXUMHUS BTOPUYHBIX META0OIUTOB U UX (hapMaKoIorndeckue F3PPeKThI.

Tunel BropuuHBIX MeTabonMUTOB. BTOpWYHBIE METAaOONUTHI B OCHOBHOM JIENIATCS Ha TPHU
KaTerOPUHU: aJIKaJIOUIbl, TEPIIEHOU I U MOTU(PEHOIBI.
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Ankanoudsl. DTH COENMHEHUs CONEp)KaT aroM a30Ta U 4acTo 00JalaloT MCHUXOAKTUBHBIMU
CBOMCTBaMHU. Y pAaCTEHHM HTH BELIECTBA BBINOJHAIOT 3aLIUTHYDO M IPOTHBONAPA3ZUTAPHYIO
GbyHKIMU. AJIKaJIOMABl UMEIOT IIMPOKUI CHEKTp MPUMEHEHHs; HarmpuMep, MOpGHUH M KOIEHH
JEWCTBYIOT Kak 00e300MBaroIre, a KOKauH U HUKOTHH JACUCTBYIOT KaK CTUMYIISITOPHI.

Tepnenouowl. TepneHOUIBI SBISIFOTCSI OCHOBHBIMU KOMIIOHEHTaMH Y(UPHBIX Macesl pacTeHUU
u 007a7al0T MPOTHBOBOCHAIUTENbHBIMU, AHTHUOAKTEPHAIBHBIMH U MPOTHBOTPUOKOBBIMU
cBoiictBamu. OHM TaKke y4acTBYIOT B (OPMHUPOBAaHMM 3amaxa M LBeTa pacteHuil. Hampumep,
JIMMOHEH U MEHTOJI SBJISIOTCSA IPUPOJHBIMU TEPIIEHOUIAMHU.

IHonugenonvi. Ilonudenonsl M3BECTHBI CBOMMH AHTUOKCHJAHTHBIMH CBOMCTBaMH B
pactenusx. OHU 3aIIMIIAIOT PACTEHHUE OT OKHUCIUTEIBHOIO cTpecca U OOpIOTCA C Pa3IUYHBIMU
3abosneBaHussMU. Hampumep, B 3Ty KaTeropuio momnagarT (GpraBoHOUIB! U CTHIBLOCHBI, 001agaromume
MHO)KECTBOM IPOTUBOBOCIIAINTEIBHBIX H aHTUKAHIIEPOTCHHBIX AP ekToB [2-5].

buocuHTe3 BTOPUYHBIX META0OIUTOB MPEACTABISET COOOM OuUeHb CIOXKHBIA MpoLEecC U
OCYIIECTBIIIETCS B PACTCHHSIX Pa3NIUYHBIMU OMOXUMHUYECKUMH MYTSIMHU. DTH MYTH B OCHOBHOM
BKJTIOYAIOT Pa3iIMuHble OMOXMMHYECKUE CETH, TAKHE KaK MIMKUMATHBIHA ITyTh, MEBAJIOHATHBIN ITyTh U
(EeHUIIPOAHOUIHBIA MyTh. AJIKaJOUIBl B OCHOBHOM OOpPAa3ylOTCS M3 IEMOYeK aMHUHOKHCIIOT,
ocobeHHO ¢eHmanannHa u tpuntodana. Hanpumep, ankanonn mophun oOpasyeTcs B pe3yabrare
(dbepMEeHTAaTUBHBIX pEaKlUUi TakuX BEHIeCTB, KakK (eHunanaHuH | TUPO3UH. buocuHTe3
TEPIEHOUJOB IPOUCXOAUT HA OCHOBE CETU COEIMHEHUN M30MpeHa. OTH  BEIIECTBa
OMOCHHTE3UPYIOTCS TI0 MeBaJOHaTHOMY Imytd u nytd DXP  (me3okcukcminyno3o-5-gocdar).
Tepnenouapl BXOmAT B cocTaB 3(QUPHBIX Macel pacTeHH U 0oO0NajaloT apoMaTUYECKUMU
cBoiicTBaMu. buocuHTe3 NONMM(PEHONTOB MNPOUCXOAUT MO (EHWINPONAHOUAHOMY MYTH U
IIMKUMATHOMY MyTH. AMMHOKHMCIOTH (PEHWIAJaHWH M THUPO3UH SBJISIOTCS OCHOBHBIMHU
NpEIIIECTBCHHUKaMU ~ OMocuHTe3a monupeHonoB. (DIaBOHOWIB H  CTHIBOCHBI  SBIISIOTCS
OCHOBHBIMH MPOIYKTaMH 3TOro buocuntesa [4, 5, 7, 9].

BropuuHbie MeTabOINTBI — 3TO OPTaHUYECKHUE COEIMHEHMs], BbIpadaTbiBaeéMble pACTEHUSIMH,
OaxkTepusiMu, rpudaMu U JPYrUMH OpraHU3MaMH, HO HE Y4YacTBYIOLIME HEMOCPEICTBEHHO B HX
pocTe, pasBUTUHU WIM Pa3sMHOXKEHMHM. DTH BEILIECTBA UIPAlOT BAXKHYIO POJIb BO B3aMMOJAEHCTBUU
OpPraHMU3MOB C OKpYXKAIOIIEH CPeoi U MHUPOKO UCIIONb3YIOTCS YEIOBEKOM B MEIULIMHE, TIPAHOCTSX,
NUTMEHTax U APYrux LensX. BTopuuHble MeTaboIMThI B OCHOBHOM JAEJSATCS Ha TPH OCHOBHBIX
KJj1acca: ()eHOJIbHBIE COEMHEHUs, TEPIIEHOUIbI U anKaaouipl. DeHoNbHbIE COeNHEHNS 00J1a/1at0T
AHTHOKCHUJAHTHBIMH, ITPOTUBOPAKOBBIMU M IPOTHUBOBOCIHAIUTEIbHBIMU CBOMCTBaMH. TepreHoubl
IPOSIBIIIIOT  PA3UYHYI0 OHOJOTMYECKYI0 AaKTUBHOCTb, TaKyl0 KaK IPOTUBOTYOEpKYJIE3HOE,
IIPOTUBOPAKOBOE JAEUCTBHE U T. II.

C 1pyroil CTOpOHBI, aJKaJOWAbl YaCTO H3BECTHbl CBOMM  (apMaKoJIOTHYECKHUM,
PEKpEealOHHbIM JIEUCTBUEM M JIEMCTBUEM Ha UEHTPAJIbHYIO HEpPBHYIO cucremy. Hampumep,
BTOPHYHBINA MeTabomut Artemisia annua L. mmpoko UCHONB3yT NpH JeUeHUH Malsipun. Jpyrum
IPUMEPOM SBIISIETCS ANKaIOU MOP(HH, KOTOPBI HCHOIb3yeTcs Kak OoseyTostomiee cpeacTso. Ha
OMOCHHTE3 BTOPUYHBIX METAOOJIMTOB BIHUSIOT (DAaKTOPBI OKPY)KAIOLIEH Cpenbl, 0COOEHHO CBET.
Pa3znnyHoe kKayecTBO cBETa, MHTEHCUBHOCTD M (DOTONEPUO/IBI PETYIUPYIOT HAKOIIJIEHHE BTOPUYHBIX
MeTaboIMTOB B pacTeHUsAX. [Ipu ompeneneHHbIX YCIOBHUSX OCBEUIEHHOCTH B PACTEHHSIX MOXKET
YBEIMUMBATbCS CHHTE3 MOJIU(EHOIOB, aTKAIOUI0B U TEPIEHONIOB [2, 3, 12].

Bropuunbie MeTabONUTBI HE TOJBKO TMOMOTAlOT PACTEHUSIM BBDKUTH, HO TaKke 0ONajaroT
MHOKECTBOM (papMakoJorudeckux 3¢G¢GeKToB, KOTOPblE MOTYT TMOJOXKHUTEIbHO IOBIUATH Ha
3I0pOBhE UEJOBeKa. MHOTHME U3 OSTUX COCIWHEHUU O0O0JIamaroT JIEYEOHBIMU CBOWCTBAMH W
UCTONB3YIOTCS Ui NPOPUIAKTHUKM WM JIEYEHUS pa3IMyHbIX 3a0oneBaHuil. Bropuunble
METa0OJMUTHI, OCOOEHHO aJKaJIOMJIbl M TEPHEHOWAbI, O00JaNal0T AaHTUOAKTepHATbHBIM U
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MPOTUBOTPUOKOBBIM JelficTBueM. Hampumep, mommmo o6esz0onuBaromniero 3¢dexkra mopduHa,
sdupHble Macia OOpIOTCS € Pa3iMYHBIMH OakTepusMU. MHOrve HOIU(PEHOIbl U TEPIEHOUIBI
OCTaHABIUBAIOT Mposik(depariio pakoBbIX KIETOK, PEryIupys KJICTOUHBIA UK. Hampumep, Takue
BEIIECTBA, KaK PECBEpPaTpoll U KeMrdepo1, 00IaJatoT MPOTUBOPAKOBEIM JieicTBUEM [ 1, 3, 12].

@OnaBoHOMABI W TEPIEHOMABI BXOIAT B UHCIO BTOPUYHBIX META0OIUTOB, KOTOPHIE
MPeOTBpallaloT BOCHAJIEHWE M MOMOTal0T YMEHbUINTHh 00ib. Hampumep, Takue BeliecTBa, Kak
MeHTONn U wuOympodeH, o0NagarT MNPOTUBOBOCIAIUTEIBHBIM JIEHCTBUEM. AHTHOKCUIAHTHEIC
CBOICTBA MOJIM(EHOIIOB MOMOTAIOT 3aMEITUTh MPOIECC CTAPCHHUS, 3aIIUIIAs KIETKHA OT CBOOOTHBIX
panukanoB. DIaBOHOMIBI U CTUIBOCHBI YMEHBIIAIOT BO3AEHCTBHE CBOOOIHBIX paauKkaios [1, 8-11].

Bropuunbie MeTaboIUThl pacTeHU UMEIOT OOJIBIIOE 3HaY€HHE HE TOJIBKO C OMOXUMUYECKON
U OKOJIOTUYECKOH, HO W ¢ (apMakoJOTHYECKOH TOUYKH 3peHus. VX aHTHOakTepuambHOE,
MIPOTUBOTPUOKOBOE, MPOTHBOBOCIAIUTEIPHOE, AHTHOKCUJAHTHOE W IPOTUBOPAKOBOE JEHCTBUE
HAIUTKM HIMPOKYIO 00IacTh MPUMEHEHHS B MEAUIIMHE. YIITYOJIeHHE 3TUX UCCIIEOBAHUN U OTKPBITUE
HOBBIX BTOPUYHBIX META0OIUTOB IMO3BOJIAT B Oyaymiem paspabortarb Oomnee 3ddexTuBHBIC
JIeKapCTBa.
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