DOI 10.31489/2022BMG4/181-188

UDC 616.441-008.64:615.1:619

N.K. Korbozova »#*, N.V. Terletskaya'?, N.O. Kudrina'?, T.N. Kobylina!,
Zh. Kenzhebayeva?, A.K. Shokan'?

1Research Institute of Genetics and Physiology, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
*Corresponding author: naz-ik@mail.ru

General and specific toxicity determination of an extract from the plant
Rhodiola semenovii Boriss

The study of chronic and acute toxicity pharmacological phenomena with occupational symptons o
tion provides essential information on therapeutic activity of the drug. An extract of the Rhodio
Boriss plant was taken to determine toxicity. Phytochemical studies were carried out on the
biologically active compounds for medicinal purposes. Based on the statistical data on the
tion, substances, such as flavonoids, coumarins, phenolic acids, and polysaccharides,
root extract of the Rh. semenovii plant. To study the chronic and acute toxicity of the
ic toxicCity, animals
ical blood anal-
ere morphological-
he autopsy revealed
. According to the stud-

were slaughtered and peripheral blood samples were obtained for hematologic
ysis. In addition, macroscopic studies of laboratory animals were performe
structural changes heart, kidneys, liver, heart, and pancreas. An external e

no changes in the vital organs, as well as the digestive, respiratory, excretor
ies carried out, Rh. semenovii does not have general toxic extracts.
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dern pharmacological science in terms of re-
searching new medicines of natural compounds 0 chemical structures and biological action pay
great attention to the problem of drug toxicalogy an safety of drug use in clinical practice [1]. In ac-
cordance with modern concepts, the assessment of the safety of a medicinal herbal preparation (MHP)
specific to this group of medicinal products. Modern MHP
of its composition [2]. For successful introduction of new
drugs into clinical practice fortreat s Necessary to conduct a preclinical evaluation of the drug based
on international standards to i accelerate ongoing research [3-5]. Preclinical studies are carried
out to eliminate the adverse t e drug in the process of clinical trials on target animal species. In the
course of preclinical st refiminary information is obtained on the toxicity, efficacy, and
pharmacological propegtiestf the/Study drug [6].

i y studies is description of the toxic effect of the drug depending on the dose
and the relationshi rs when the pharmacological substance interacts with the body of laboratory
animals. The gbtal was used to determine the initial non-toxic dose used for clinical studies [7]. All
experigaental Werk laboratory animals must be carried out in accordance with the current rules of
act nd ethical standards for the treatment of animals, based on the standard operating
ted by the research organization, which must comply with international rules for the conduct

Preclinicalevaluation of the safety of natural medicines usually includes pharmacologicol studies, studies on
the general toxic effects of the drug, preclinical studies, studies of toXic reactions to reproduction and geno
toXicity. For drugs that pose a potential hazard or are intended for long-term use, studies of carcinogenic
properties are also necessary [9]. The study of general toxic properties is mandatory for all groups of drugs,
and is divided into two stages: the study of acute toxicity (the toxic effect of a substance administered in a
single dose or in multiple doses for not more than 24 hours, which can be expressed in a disorder of
physiological functions or in a violation of the morphology of the organs of experimental animals, as well as
the death of an animal); study of chronic toxicity with repeated administration (a set of functional and/or
morphological disorders of the organs and systems of the experimental animal after repeated prolonged ad-
ministration of the substance [10].
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The study of acute and chronic toxicity of pharmacological substances in the professional assessment of
the symptoms of intoxication allows one to obtain significant information about the biological activity of the
future drug [11].

The purpose of the study is to determine the acute and chronic toxicity of the extract of the plant
Rhodiola semenovii Boriss.

Experimental

To determine the toxicity of the extract of the plant Rh. semenovii Boriss, phytochemical studies were
conducted to determine the composition of the BAA in the extract, for therapeutic use. The material was an
aqueous extract of the plant Rh. semenovii Boriss.

Analysis of organic compounds was carried out by gas chromatography with mass spegtrometric
detection (Agilent 6890N/5973N). Analysis conditions: sample volume 1.0 pl, sample input te
260 °C without flow division. Separation was carried out using a chromatographic capi
35MS 30 m long, 0.25 mm internal diameter and 0.25 um film thickness at a constarﬁci

speed of 1 ml/min. Chromatography temperature is programmed from 40 °C (shutter spee
at a heating rate of 10 °C/min (shutter speed 0 min) and up to 300 °C at a heating
speed 10 min). Detection is carried out in scan m/z mode 34-850. Agilent
(version 1701EA) was used to control the gas chromatography system, recor
data obtained. Data processing included determination of retention times, pe
spectral information obtained using a mass spectrometric detector. To de @?
the Wiley 7th edition and NIST 02 libraries were used (the total numier @
than 550 thousand). 7S
According to the available data on the chemical compositiof,in tract of the root of the plant Rh.
a
el

min (shutter
tation software

e'obtained mass spectra,
ra in the libraries is more

semenovii B., such substances as flavonoids — 74.8 %, ¢ — 11 were identified. 7 %, pheno-
locyslots — 6.1 %, polysaccharides — 7.4 %, the main Ri ctive component of flavonoids was
rhodioflafonoside.

The study of acute, chronic toxicity of the
imals (males) were kept in cages in groups of 10
temperature in the vivarium premises was maintain range of 18-20 °C at a relative humidity of 60—
70 %. Animals were kept under standard con@itions on the vivarium diet. To assess the chronic toxicity of
the extract Rh. semenovii, the animals were administered the extract orally for 21 days.

To analyze the different significance n samples, Student’s T-criterium at p<0 was used. 05 (Sta-
tistica 12, StatSoft Inc., Tulsa, USA orimeter data was processed and graphed using MS Excel capa-

0g

cted on white mongrel laboratory rats. An-
f group 3. Sawdust was used as a litter. The air

bilities. Atypical values base t erion were excluded from the data, a standard sample average
error was calculated. Plus/mir& e tables show a standard average error. The graphs show average
values with standard error i and ** indicate the reliability of the results with significance levels
of 0.05 and 0.01, respectiv niéss otherwise indicated). When determining the reliability of the difference
between the indigatorsfof pared groups, the t-confidence criterion was calculated, the p value was
determined from th 's table of values, the changes were considered reliable at p<0.05. All data were
calculated in the is Excel 2010 software package.

Results and Discussion

resents the results of the Acute Toxicity experiment. Data presents the survival of animals in
eXperiences, depending on the dosage of the extract. Rh. semenovii in the acute toxicity groups

experiment“due to fighting and injuries on the body, from which it follows that the extract of Rh. semenovii
in a dosage of 0.5—1.0 g does not cause death of animals and is not toxic.

Table 1
Survival of animals in acute toxicity experiments, depending on the dosage of Rhodiola semenovii extract
Extract Dosage 059 1049
Survived 90 % 90 %
Eliminated from experience” 10 %" 10 %"
[* — out of the experience due to fighting and body injuries
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An external inspection of animals, weighing and fixing the IRR on the “open field” test were held. The
test is designed to assess the dynamics of behavioral elements, the psycho-emotional state of animals
participating in experiments with a stressful condition. The animal was placed in a structure 100 x 100 cm in
diameter with a wall height of 40 cm. The floor was made of white plastic, on which a grid was applied with
black paint, dividing the field into 25 (5x5) equal squares. Illumination with a 50 W lamp, which is located at
a height of 150 cm above the center of the field. The test was to measure the amount of behavioral
components of an animal placed in an open enclosed space enclosed by a wall. When testing, the animal was
placed in the center of the facility and the following indicators were visually assessed for 5 minutes:
horizontal motor activity — mileage (number of sectors passed), vertical motor activity — stances (number
of lifts on the hind legs). Waste from the wall of the arena (number of crossings of the outer concentric
circle), exits to the center of the arena (number of crossings of the inner circle), grooming (namber of

open field test was used. The main method for recording test results was continuous or

with time-based recording of animal activity. After 5 minutes of the study, the anima® the
cage. The number of spools of manure was counted and the floor was thoroughly washed%afte eri-
ment. Testing was repeated for the next four days. Before the start of the drug admi i s well as the
dynamics of observation of each experimental group for 3 days, tests were carrie he “Open field”

method to determine the individual typological characteristics of higher nervdus, activi
tests within 3 days to determine the effect of the drug.

After the completion of the experiment of acute and chronic toxicity, re slaughtered and pe-
ripheral blood samples were obtained for hematological and biochemi alysis (assessment of the
function of the liver, kidneys, pancreas in terms of protein, carehygate,{lipid and pigment types of metabo-
lism, the presence of intoxication). In addition, an autopsy of & animals was performed and the

HNA) and after

presence of macromorphological changes in the structure of h kidneys, liver, and pancreas. The or-
gans were weighed, the mass coefficients of the or ulated, then the material was fixed and
placed in a 10 % solution of formaldehyde. Hematolo re carried out on an automatic hematol-
ogy analyzer Sysmex XS 550-i (Japan). The uged for 20 min at 1000 rpm to produce
plasma. The main biochemical parameters were ied: tofal protein, g/l, albumin g/l, urea, mmol/l, creati-
nine, umol/l, uric acid, pmol/l, alkaline phosphatase, , alanine aminotransferase, pkat/l, aspartate ami-
notransferase, glucose, mmol/l, cholesterol, iDL, LDL, mmol/l, triglycerides, mmol/l. The results of the
studies were recorded on the automatic bigchemical analyzer BioChem-200.

It can be seen from Table 2 that _the umber of leukocytes did not have statistically significant
changes in both the control group ag % cute toxicity group. Statistically significant changes in the abso-

lute content of monocytes, eo sophils and neutrophils and in the level of hemoglobin were also
not detected. In terms of absol ontemt; statistically significant changes were also not revealed. It should
also be noted that in ter r e content, no statistically significant changes in the control and
experimental groups for a xieity were revealed.

Ily significant changes in the total number of red blood cells in the exper-
e control group, and amounted to 6.32 = 0,7 in the control group 52 *10*?/1, in

e lymphocyte count varied between 2.51 + 0.14 * 10%1 in the control group, 3.83 + 0.76 *

10%1 in te toxicity group (0.5), and statistically significant changes in the acute toxicity group were
noted (1.0) In relation to the control group and was 4.19 = 0.67*10%1.
Table 2
Hematological parameters of rats in the experiment on acute toxicity
Indicator name, unit of measurement Interna_tlo.nal Control group Acute toxicity Acute toxicity
abbreviation 05¢ 109
Total number of Leukocytes, 10%/L WBC 63+05 84+1.2 7.8+0.8
Total Red Blood Cell Count, 10*?/L RBC 6.4+0.6 8.5+£0.8" 8.7x1.1"
Hemoglobin level, g/L HGB 146.0+ 4.1 155.0+ 6.4 153.0+ 7.9
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Total platelet count, 10%/L PLT 4135+43.1 | 698.5+80.2" | 721.1+54.7"
Absolute neutrophil count 10%/L Neut 3.2+£05 3.7+£0.7 2.8+0.6
Absolute lymphocyte count 10%/L Lymph 2.5+0.1 3.8+0.8 42406
Absolute content of monocytes 10%/L Mono 06=+0.2 06=+0.2 0.5£0.1
Absolute eosinophil content 10%/L Eos 0.3+0.14 0.2+0.1 0.2+0.1
The absolute content of basophils 10%/L Baso 0.03+0.1 0.05 + 0.04 0.06 + 0.04
The relative content of neutrophils % Neut 49.1+3.7 453+ 73 37.7+74
The relative content of lymphocytes % Lymph 404+23 46.2+6.5 542 +6.6
The relative content of monocytes % Mono 7.6£1.7 6.6+1.8
The relative content of eosinophils % Eos 2.6+09 1.6+1.1
The relative content of basophils % Baso 0.5+0.15 0.5+0.5

Note: * — statistically significant changes in the group “Acute toxicity — 0.5 g relative to the control group,
tatistically significant changes in the group “Acute toxicity — 1.0 g relative to the control group, at p < 0,00

According to Table 3, no statistically significant changes were detected (p< 0. 0 N
hepatic and renal functions in the control and test groups.

Table 3
Indicators of hepatic and renal functions in experimental groups of animals i ience of acute toxicity
Group - Total AIT, IU/L | AsT, IU/L ric acid, Creatinin,
animals bilirubin, mmol/L umol/L
umol/L
Intact 59+£09 |23.0+3.6 |11.5+19 340.8+£36.9 | 54.0+3.7

Acute toxicity | 5.6+0.2 | 18.1+54 | 10.8+5.9 3169+34.9 | 529+4.5

059

Acute toxicity | 5.5+1.8 | 14.6+79 | 109+5.7 39+0.9 301.7+51.5 | 52.0+4.9

1.0g

Note: * — statistically significant changes in the gueup “Aeute toxicity — 0.5 g relative to the control group, at p< 0.001; ** —

statistically significant changes in the group “Acu 1.0 g” relative to the control group, at p <0.001
Thus, considering the res ' ute Toxicity Experience”, it was revealed that the extract based
on Rh. semenovii is not toxic a te dosages of the extract were recommended for the formulation

of the chronic toxicity exp
To study the chronic tylextract of Rh. semenovii was tested by the IRT — “Open Field”. Chronic

ed ffor s by oral administration of the extract at a dose of 2.5 mg/ kg. In the
ioheiR.the experiment on chronic toxicity, changes in the behavior of experimental ani-

arena wall, exits to the center of the arena, grooming.
examination at the autopsy, no changes were detected from the vital organs, as well
iratory, excretory systems. Table 4 demonstrates the assessment results of body weight

Table 4
Animal mass values and mass coefficients of organs in chronic toxicity experience

Arnimnal Total bod Thyroid gland
OGrgoau; of (\J/vaeigr?t y Heart Kidneys Liver (together with Spleen Stomach
. the trachea)

animals

Control 238.5+8.2 3.54+0.6 23+0.2 9.3+0.6 1.1+0.1 4.6+0.4 39.1+3.5
Chronic 274.0+£11.7* 3.7+£0.7 23+0.2 104+0.7 | 1.1+0.2 4.7+£0.4 43.1+0.8
toxicity

Note: * — statistically significant changes in the group “chronic toxicity” in relation to the control group, at p< 0.001
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According to the presented data on the masses of internal organs of experimental animals, in
comparison with the control group, the group of experience of chronic toxicity did not show statistically sig-
nificant changes (p < 0.001). There was a statistically significant (p < 0.001) increase in the mass of animals
from 238.5 + 8.2 g, to 274.0 + 11.7 g without changing the mass of organs. In our opinion, the increase in
mass is associated with the maturation of experimental animals and the development of musculoskeletal sys-
tems.

Table 5 presents the results of studies on comparative assessments of hematological indicators of the
observed groups.

Table 5
Hematological parameters of rats of the control group and the group “Experience of chronic toxicity”

Name of the indicator, unit of measurement MC Control group
Total Number of Leukocytes 10%/L WBC 6.2+04
Total number of Erythrocytes 10 *%/L RBC 6.3+0.5
Hemoglobin level, g/L HGB 146.0 + 4.1

Total platelet count, 10%/L PLT 413.4+43.0
Absolute content of neutrophils, 10%/L Neut 3.1+04

Absolute content of lymphocytes, 10%/L Lymph 2.5+0.1 3.8+0.2
Absolute content of monocytes, 10%/L Mono 0 0.5+0.1
Absolute content of eosinophils, 10°/L Eos 0.2+0.15
Absolute content of basophils, 10%/L Baso 0.03 +0.05
Relative neutrophil content,% 33.0+£3.7*
Relative lymphocyte count % 0 . 56.6 + 3.2*
Relative content of monocytes,% 7.6+ 1.8 69+1.9
Relative content of eosinophils % .6+0.9 29+£09
Relative content of basophils,% 0.5+£0.9 0.5+£0.9

Note: * — statistically significant changes in the group “chroni gtion to the control group, at p< 0. 001

experimental group — 33.0 + 3.7. a, the Telative content of lymphocytes, which in the control group
was 40.4 + 2.3, while in the experi

Table 6
Indicators of the leve bin and its fractions, transaminases in experimental groups of animals

rubin, | Direct bilirubin, Indirect
umol/L bilirubin,umol/r, | A" ME/L | AcT, ME/L

1.5+0.2 72+6.4 23.0+£3.6 11.5+1.9
8+09 1.4+0.2 434+0.7*% 21.4+£34*% | 10.7+1.9*

Intact
Chronic toXici

As can be seen from Table 7, there were statistically significant differences (p < 0.001) in the content of
indirect bilirubin, which in the control group was 7.2 + 6.4 umol/L, in the experimental group — 4.3 = 0.7
umol / 1, and alanine aminotransferase in the control group — 23.0 + 3.6 IU / 1, in the experimental — 21.4 +
3.4 IUJ/L. Statistically significant changes were also identified in indicators of aspartate aminotransferase
constituting a control group of 11 veins. 5+ 1.9 IU / | while in the experimental group there is a decrease of
10.7 = 1.9 IU/L. In the remaining indicators, statistically significant differences (p < 0.001) were not detect-
ed.
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Table 7

Indicators of lipid metabolism in experimental groups of animals

Trielveeride Total HDL LDL Atherogenic
Group of animals gy ’ cholesterol, cholesterol, cholesterol, coefficient

mmol/ L
mmol/L mmol/L mmol / L

Intact 0.8+£0.2 1.6+0.3 1.0£0.2 1.0+0.2 0.7£0.2
Chronic toxicity | 0.8+0.2 1.6+0.3 0.9+0.1 09+0.2 0.7+0.2
Note: * — are statistically significant changes in the "chronic toxicity" group relative to the control group, at p <0.001

There is no significant changes in the lipid metabolism (Table 7).

Indicators of protein and carbohydrate metabolism in experimental groups of a

¢

Group of animals | Total Albumin Urea, Uric acid, Creatinine,
protein, g/L | g/L mmol/L mmol/L umol/

Intact 66.0+24 29.84+22 |3.9+0.3 340.8 £36.9

Chronic toxicity | 64.7 +£2.3* 28.3+2.1 |3.5+03 323.8+35.0

Statistically significant changes (p <0.001) were identified by the
control group was 66.0 + 2.4 g/l, whereas in experience 64.7 + 2.3 g/E\(

protein index, which in the
). However, all these data

were within the physiological norm. According to the remaininQb' I indicators of blood, statistically
significant changes were not detected.
There were no statistically significant changes (p < 0. theythyroid hormone levels of the control

and experimental groups.

orphological study of experimental animals on
the masses of organs, and on the functional indicators organs of the digestive, excretory, detoxification

According to the results of preclini s, acute and chronic toxicity experiments, pathomorpholog-
ical studies of organs, higher nervoyssagitivi ts, hematological and biochemical blood parameters, Rh.
semenovii extract does not have gen @ properties.
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H.K. Kop6o3oBa, H.B. Tepneukas, H.O. Kyapuna, T.H. KoGsuinHa,
K. Kenxebaena, A.K. Illokan

Rhodiola semenovi Boriss ecimairinin skaansl koHe
cnenu(PpUKAIBIK YHITTHUIBIFBIH AHBIKTAY

DapMaKOIOTHSIIBIK 3aTTapIblH MHTOKCUKAIMAJIBIK KYOBIIBICTAPbIH KOCINTIK AeHreiae O ca-
TBIHIA KOJIJAHBUIATHIH JKeeN KOHE CO3BUIMANBI YBITTBUIBIKTHI 3€PTTEY MOPITiK MIem paMbIHIAFbI
OHMOJIOTHSITBIK OeJICeHII 3aTTapAbIH KaJTBINTACYbl KaWbIHAA ayKbIMABI MaliMeT Oepetaiiabl. BUIBIFBIH

TTarbl OMOJIOTH-
SUTBIK  KYPaMBbI

anbikTay yiiin Rhodiola semenovii Boriss eciMairiHiH CHIFBIHABICHI aTbIHIBL. JIopi

GOMBIHINIA CTATHCTUKAIIBIK MaJIiMeTTepre cailikec, Rh. semenovii ecimuairisi
HOUJTAp, KyMapuHep, peHOI KBIIKBUIIApH!, TOJINCAXapUATEDP CUSIKTHI 3aT HBIgEaIT L. JKenen xoHe co-
3BUIMAIIBl YBITTBUIBIKTHI aHBIKTayFa apHainraH marepuan Rh. sefpenoviiyoci
60npl. ChIFBIHABIHBIH JKEIEN JKOHE CO3BUIMAJIBI YBITTBUIBIFBIH 3
ereyKyiprIkTapZa KIMHUKara ACHIHTi 3epTTeyiep >KYprisiniai apMeH OipKaTtap JKCIIEpUMEHTTEP
JKYPTI3U11 JKOHE CHIFBIHIBIHBIH MeJIIepiHe OalinaHBICTHI I'e KOPCETKIITep aHBIKTANIbL. Ke-
aHyapJIapIbl COIO XKYPri3iiim, rema-
TOJIOTHSUTBIK JKOHE OMOXHUMUSUIBIK KaH aHAJM31H XKYpri3
MEH Karap, 3epTXaHaJIbIK KaHyapJiapabl COUBI , 0aYbIp, XKYpPEK, YHKBI 0e31 KypbUIBIMBIHAAFBI
HHaH KeHiH CBIPTKBI TEKCEpy Ke3iHIe oMIpIiK
MaHBI3bl OpPraHAap/bIH, COHAAI-aK ac KOPBITY, Th BIFApY KYHENepiHiH e3repicTepi aHBIKTaIFaH
oK. KimHukara neifiHri ChIHaK HOTIOKETepiHe CokeC; “RN. SeMenovii xenen jKoHe CO3BUIMANBI YHITTBUIBIK
taxkipubenepine, GNI cpiHakTapsiHa, OprasfiapAbIH MaTOMOP(OIOTHSUIIBIK 3epTTeyIiepiHe, KAHHBIH IeMaToI0-
THSUIBIK 'KOHE OMOXUMUSIIIBIK KOPCETKI iH@\COIKeC KaJIIBI YBITTHI KACHETTEpre e eMec.

Kinm ce30ep: ypITTBUIBIK, (apma
CO3BIIMAJIBI YBITTBUIBIK, TEMATO

iola semenovii, CoIFBIHIBI, (GUTOXUMHUS, JKEAEN YHITTBUIBIK,

Onpenenenng o cnenupuuecKoil TOKCMYHOCTH IKCTPAKTA PACTEHUSA

H.K. Kop6o3oBa, H.B. T .O. Kynpuna, T.H. KoOsutnna, XK. Kenxebaera, A.K. lllokan
@l
Rhodiola semenovii Boriss.

WYECKON M OCTPOH TOKCUYHOCTH TEPareBTUUYECKUX BEIECTB MPU BHEIIHEH OLIEHKE MpHU3Ha-
1 TIO3BOJIMJIO TIOJYYUTh BaXHYI0 HH(OPMAINIO O TEPAeBTUYECKHX CBOMCTBax Oymymiero
ST OTpe/IeIeHrs] TOKCHYHOCTH ObLT B3SIT 3KCTpakT pacrenns Rhodiola semenovii Boriss. Beun
gHB! (PUTOXMMHUYECKHE UCCIIE0BAHMS 110 ONPEAEICHNIO COCTaBa OMOIIOTHIECKH aKTUBHBIX BEIIECTB,
bHEHIIIEr0 MCHONB30BaHMsI B TEPAEBTHYECKHX 1esiX. COrlacHO HMEIOIIMMCS JaHHBIM, 10 XHMHUYe-
coCTaBy B 3KCTpakTe KOpHsi pactenust Rh.semenovii B. Obuti naeHTH(GHUIMPOBAHBI TaKKMe BEIECTBA,
(maBOHOMIBI, KyMapHHBI, (PEHOIOKHCIIOTHI, MOJHCaxapuasl. MaTepraaoM Mo ONpPEAeNeHUI0 OCTPOH U
XPOHUYECKOI TOKCHYHOCTH CITY>KHJI BOJHBII SKCTpaKT pacteHust R. semenovii. J{is u3ydeHus ocTpoii u Xpo-
HUYECKOH TOKCHYHOCTH HKCTPAKTA MPEIKINHUIECKHE HCIBITAaHNS IPOBOMINCE Ha OeTbIX OECTIOpOAHBIX JIa-
6opaTopHEIX Kpbicax. [IpoBeaeH psi SKCIIEPUMEHTOB C KHBOTHBIMH H OTIPEAENICHBI T€éMaTOIOTHYECKUE TTOKa-
3aTeNH B 3aBUCHMOCTH OT JO3MPOBKH dKCTpakTa. [locie 3aBepIieHns SKCIIepIMEHTa OCTPOIl M XPOHHIECKOH
TOKCHYHOCTH MPOBOJMIN 32001 )KMBOTHBIX M MOJyJanu oOpasisl nepudepnueckod KPOBHU ISl IPOBEICHUS
reMaToJIOTHYECKOro M OMOXMMHUYECKOro aHanu3a KpoBH. Kpome TOro, mpoBOAMIOCH BCKpBITHE J1labopaTop-
HBIX XHUBOTHBIX W OLICHHUBAHUC HAJIUYUA MaKpOMOp(bOJ'lOFPI‘-leCKHX M3MEHEHHH CTPYKTYpPBI Ce€pAala, IOYeK,
MIEUCHHU, Cep/lla, MOLKENy10uHOM xene3bl. [Ipy BHeIHEM ocMOTpe Ha BCKPBHITUU HE OBbLIO BBISBICHO HU3Me-
HEHUH CO CTOPOHBI M3HEHHO BaKHBIX OPTaHOB, a TAK)Ke MHUIEBAPUTEIbHON, AbIXaTEIbHOH, BBIIEIUTEIbHON
cucreM. CorllacHO pe3yJbTaTaM JOKIHHHYECKHX HCIbITaHuH, skcTpakT Rh. semenovii e obnagaer obuie-
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TOKCUYECKMMHU CBOMCTBAMU IO JAHHBIM OIBITOB OCTPOMl MU XpOHMYECKON TOKCMYHOCTH, TecToB BH/I, maro-
MOP(OJIOTMHECKHUX MCCIIEI0BAHUH OPraHOB, FEMATOJOTHYECKHX 1 OHOXMMHUYECKUX MOKa3aTeNeH KPOBH.

Kntoueevie cnoea: TOKCHIHOCTH, (hapmakosiorus, Rhodiola semenovii, skcTpakT, GUTOXUMHES, OCTPask TOKCHY-
HOCTb, XPOHHYECKAs TOKCHIHOCTD, TeMaTOIOTHI.
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