P. Sharma, et al.: Preclusion of Radiation-Mediated Haematological and ...

Nuclear Technology & Radiation Protection: Year 2013, Vol. 28, No. 4, pp. 389-397 389

PRECLUSION OF RADIATION-MEDIATED HEMATOLOGICAL
AND BIOCHEMICAL VARIATIONS BY ROOT EXTRACT OF
TINOSPORA CORDIFOLIA (AN INDIAN MEDICINAL PLANT)

Priyanka SHARMA and Pradeep K. GOYAL"

Radiation & Cancer Biology Laboratory, Department of Zoology, University of Rajasthan, Jaipur, India

Scientific paper
DOI: 10.2298/NTRP1304389S

The present study deals with the radiomodulatory influence of Tinospora cordifolia (Amrita)
root extract on the peripheral blood of Swiss albino mice after 5.0 Gy gamma irradiation in
the presence (experimental) or absence (control) of Tinospora covdifolia (75 mg/kg b.wt/day).
The animals from different groups were necropsied and their blood collected on days 1, 3, 7,
15, and 30 postirradiation. A considerable decrease was recorded in the number of erythro-
cyte and total leucocyte counts, differential leucocytes, hemoglobin content, and hematocrit
percentage in the irradiated control group, while a recovery pattern was recorded in experi-
mental animals, however, without the attainment of normal levels up to the end of the experi-
ment. Furthermore, Tinospora cordifolin root extract pretreatment significantly ameliorated
radiation-induced elevation in cholesterol and lipid peroxidation levels, whereas, a decline in
glutathione and total proteins concentration was noted.
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INTRODUCTION

The nuclear era in which human beings live to-
day is both a bane and a boon. Though nuclear energy
has offered enormous benefits to mankind, at the same
time, it has also created immeasurable evils and chal-
lenges that need to be confronted. lonizing radiation is
a million times stronger than anything encountered
during our long evolution as a species. After the con-
version of radiation to other forms of energy, it has im-
pacted the biological system adversely in a variety of
ways through the ionization of water and different bio-
logically essential macromolecules, causing a series of
physiological changes stemming from various physi-
cal, physiological, and environmental factors.

In the field of radiobiology, the impact of radia-
tion on the hemotopoietic system has been in the focus
of interest and on the rise for years. Because of their
high proliferating capacity, blood and blood-forming
tissues are highly radiosensitive and their damage may
lead to the development of the hemopoietic syndrome
[1]; hence, peripheral blood constituents may well serve
as significant biological indicators. Nevertheless, blood
has a remarkable regenerative capacity and will recover
within a short period of time [2]. The rapid recovery of
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the said tissue limits its application as a diagnostic tool
to accidental cases of irradiation.

New technologies and research over the past 20
years have provided a greater understanding of the
complex nature of radiation injuries at the molecular
and cellular level and have, also, paved the way towards
the development of radiomodulators and radiorecovery
agents that can be efficiently utilized as a protection
against the injurious effects of ionizing radiation [3]. In
view of this fact, many hundreds of chemical com-
pounds with varied structures and physiological func-
tions have been tested for their radioprotective proper-
ties over the past six decades [4, 5]. However, none of
them were found to be suitable for clinical application,
due to their inherent toxicity at optimum dose concen-
trations.

The re-invention of the relationship between
plants and health is responsible for the launching of a
new generation of botanical therapeutics, such as
plant-derived pharmaceuticals, multicomponent botan-
ical drugs, functional foods, dietary supplements, and
plant-produced recombinant proteins [6]. Due to the
presence of natural antioxidants, plant products have
diverse pharmacological properties that have been used
as a cure for a range of diseases since ancient time. As a
consequence, over the past several years, interest in the
radioprotective efficiency of plant products has been on
the rise [7].
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In this context, Tinospora cordifolia, of the
Menispermaceae family, has been welcomed by re-
searchers as a potential drug of the Ayurveda (Indian
system of medicine), where it is believed to have
rasayana (rejuvenating), balya (tonic), vayah-stha-
pana (antiaging), aayushyaprada (lifespan-increas-
ing), vrishya (aphrodisiac), and chakshusya (eye-dis-
orders-healing) properties [8]. Potential medicinal
properties reported by the scientific research on the
said plant include antidiabetic, antipyretic, antispas-
modic, anti-inflammatory, antiarthritic, antioxidant,
antiallergic, antistress, antileprotic, antimalarial, he-
patoprotective, immunomodulatory and antineop-
lastic effects [9-11]. Tinospora cordifolia has also
been reported to protect against lethal irradiation in
mice by decreasing micronuclei and increasing sur-
vival in bone marrow cells [12].

We have undertaken the present study with the aim
of coming to an understanding of the antioxidant and
possible radioprotective potential of the Tinospora
cordifolia root extract (TCE) on radiation-induced he-
matological and biochemical alterations in mammals.

MATERIALS AND METHODS
Animal care and handling

Animal care and handling were performed ac-
cording to the guidelines set by WHO (World Health
Organization, Geneva, Switzerland) and INSA (In-
dian National Science Academy, New Delhi, India).
Swiss albino mice, 6-8 weeks old, weighing 22 +2 g,
from an inbred colony, were used in the study pre-
sented. They were maintained under controlled condi-
tions of temperature and light (14 and 10 hours of light
and dark, respectively). The animals were provided
with standard mice food (procured by Ashirwad In-
dustries, Chandigarh, India) and water ad libitum. Tet-
racycline water was also given once a fortnight, as a
preventive measure against infection. Throughout the
experiment, four to six animals were housed in a poly-
propylene cage containing paddy husk (procured lo-
cally) as bedding. Our study was approved by the In-
stitutional Animal Ethical Committee.

Source of irradiation

The animals were irradiated by a ®°Co source in
the Cobalt Therapy Unit at the Cancer Treatment Cen-
ter, Department of Radiotherapy, SMS Medical Col-
lege and Hospital, Jaipur, India. Unanaesthetized mice
were restrained in well ventilated boxes and exposed,
whole-body, to gamma radiation (5.0 Gy) at a dose-
rate of 221 ¢ Gy/min from a source-to-surface distance
(SSD) of 80 cm.

Preparation of the plant extract

Tinospora cordifolia was identified by a compe-
tent botanist of the Herbarium of Botany Department,

University of Rajasthan, Jaipur (RUBL No. 20132).
The root of the Tinospora cordifolia was collected,
cleaned, shade dried, powdered and extracted. The ex-
tract was prepared by refluxing with double-distilled
water (DDW) for 36 (3 x 12) hours. The cooled liquid
extract was concentrated by evaporating its liquid con-
tents to render it in powder form. An approximate
yield of 22% extract was obtained. The extract was
re-dissolved in DDW just before oral administration to
mice. Henceforth, in this article, the extract of the
Tinospora cordifolia root will be called TCE.

EXPERIMENTAL DESIGN
Dose selection of TCE

The dose selection of Tinospora cordifolia was
done in our previous study on the basis of the drug tol-
erance survival experiment [13].

Modification of radiation response

To evaluate the adverse effects of gamma rays
and the possible radioprotective efficacy of the TCE
extract, a total of 48 animals were selected from an in-
bred colony, randomly assorted into four groups of 12
mice each. Animals in group I (Normal/Sham-Irradi-
ated) were administered with double-distilled water
(DDW), volume equal to TCE as the vehicle, by oral
gavage, once a day for 5 consecutive days, to serve as
normal. Mice in group II (Negative Control or
TCE-alone treated) were administered with 75 mg/kg
b. w.t/day of TCE dissolved in double-distilled water
through oral gavage for 5 consecutive days, once a
day. In group I (Irradiated Control), the double-dis-
tilled water volume equal to TCE was administered for
5 consecutive days (as in Group-I) and then exposed to
a 5.0 Gy dose of gamma radiation. This group served
as the irradiated positive control. Mice in Group IV
(Experimental) were treated with TCE, orally for 5
consecutive days (as in Group-II) and, then, 30 min af-
ter the last dose administration on day 5, such ani-
mals were exposed to a 5.0 Gy gamma radiation.

Autopsy schedule

Animals from all the above treated groups (I, 11,
III, and IV) were regularly observed for 30 days for
their weight change, any signs of sickness, morbidity,
fur and skin changes, behavioral toxicity, any visible
abnormalities, and mortality. A minimum of 6 animals
from each group were necropsied at 12 h, 1, 3, 7, 15,
and 30 days post treatment, so as to evaluate the hema-
tological and biochemical parameters.

Hematological study

In the study, one hour after irradiation, blood
was collected from the cardiac punctures of animals
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from each group in a vial containing 0.5 M EDTA. The
total number of erythrocytes (RBC), leucocytes
(WBC), as well as thematocrit (Hct) and hemoglobin
(Hb) percentages, were determined by standard proce-
dures.

Biochemical study

Biochemical alterations were studied in animals
of all groups at one hour post exposure to gamma radi-
ation. The level of glutathione (GSH) was determined
by blood methods of Beutler ez al. (1963) [14], respec-
tively. The lipid peroxidation (LPx) level in the serum
was measured by an assay of thiobarbituric acid-reac-
tive substances (TBARS), according to the method of
Ohkhawa et al. (1979) [15].

Statistical analysis

Results for all of the groups at various necropsy
intervals were expressed as a Mean + Standard Error
(S. E.). To find out whether the mean of the sample
drawn from the experimental (group IV) deviates sig-
nificantly from the respective control (group III), Stu-
dent's t-test was used by employing the method of
Bourke et al. (1985) [16]. The significance level was
set at different levels as p < 0.05, p < 0.01, and p <
0.001.

RESULTS

During the entire study period, no adverse ef-
fects in terms of behavioral changes, sickness or mor-
tality were observed in animals of Group I and II,
whereas the irradiated controls (Group III) exhibited
radiation-induced signs and symptoms, with a 2.38%
mortality within the 19" day of irradiation. To the con-
trary, TCE pretreatment (Group IV) significantly in-
hibits radiation-induced sickness and increases the
survival up to the 30" day.

A significant and continuous depletion in total
erythrocyte counts was recorded up to day 3™ (7.12+
+0.20; p<0.001), followed by a significant increase till
the last autopsy interval, where the observed value was
found to be 32.57% lesser than the normal. As opposed
to this, throughout the experiment, TCE-pretreated irra-
diated animals exhibited a significant increase in eryth-
rocyte counts over the irradiated control, while the nor-
mal level could not be restored. The hemoglobin
content significantly dropped up to day ¢ of
postirradiation (9.73 £0.8; p<0.001) and was found to
be 74.45% lesser than the normal. Afterwards, the Hb
content started to rise up to day 30" when it was found
to amount to 86.45% of the normal (11.30 £ 0.10; p <
0.001). TCE-administered animals exhibited a higher
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Figure 1. Variations (mean + S.E.) in erythrocyte counts
in the peripheral blood of mice exposure to 5.0 Gy
gamma radiation with (experimental) or without (irra-
diated control) TCE, respectively. Statistical analysis:
Normal v/s irradiated control, irradiated control v/s ex-
perimental; significance levels: * p < 0.05,"p <0.01, and
‘p <0.001
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Figure 2. Variations (mean = S.E.) in hemoglobin levels
in the peripheral blood of mice exposure to 5.0 Gy
gamma radiation with (experimental) or without (irra-
diated control) TCE, respectively. Statistical analysis:
Normal v/s irradiated control, irradiated control v/s ex-
perimental; significance levels: * p <0.05,"p <0.01, and ‘p
<0.001

Hb concentration than Group III, and the values were
found to be near normal by the end of the experiment
(figs. 1 and 2).

The hematocrit value started diminishing signifi-
cantly from 12 hourson (38.52+0.2;p<0.001) and
attained its minimum on day 3 of postirradiation
(36.05 £ 0.23; p < 0.001). However, from day 7™ on-
wards, the values increased, while the normal percent-
age was not regained even by the end of the study, . e.
the 30" day (90.75% of normal). TCE-pretreated ani-
mals also exhibited a similar pattern of alteration in
hematocrit percentage, but the magnitude of variations
was fairly lesser and an almost normal level was recov-
ered by the end of the experiment (fig. 3).

In contrast to other hematological parameters, the
erythrocyte sedimentation rate (ESR) value was mea-
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Figure 3. Variations (mean + S.E.) in hematocrit value of
the peripheral blood of mice exposure to 5.0 Gy gamma
radiation with (experimental) or without (the irradiated
control) TCE, respectively. Statistical analysis: Normal
v/s irradiated control, irradiated

control v/s experimental; significance levels: * p < 0.05,
"p <0.01, and p < 0.001

sured to be on a significant (p <0.001) rise from the first
autopsy interval up to day 7™ of postirradiation (6.12 +
0.05 mm/h). However, in Group III, a significant de-
pression was observed at subsequent intervals, while
the normal was not attained. The pattern of alterations
was essentially similar in the TCE-pretreated group, but
a significantly lower ESR was recorded at all autopsy
intervals in comparison to the irradiated controls (fig.
4).

Total leucocyte counts exhibited a significant
(» £0.001) declining pattern from the first autopsy
interval and were found to reach their minimum on
day 3™ of postirradiation, followed by a significant
(p <0.001) elevation till the last autopsy day, i. e. day
30, As opposed to this, in the TCE-pretreated group,
such cells scored significantly higher than the corre-
sponding irradiated control; however, the normal
value could not be recovered up to the end of experi-
mentation (fig. 5).
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Figure 4. Variations (mean + S.E.) in ESR value of the
peripheral blood of mice exposure to 5.0 Gy gamma radi-
ation with (experimental) or without (the irradiated con-
trol) TCE, respectively. Statistical analysis: Normal v/s
irradiated control, irradiated

control v/s experimental; significance levels: * p < 0.05,
p <0.01, and p < 0.001

control) TCE. Statistical analysis: normal v/s irradiated
control, irradiated control v/s experimental; significance
levels: * p < 0.05, °p < 0.01, and °p < 0.001

In differential leucocytes, a decreasing pattern
was exhibited by lymphocytes, monocytes, and neu-
trophils up to day 3™, whereupon the observed values
were 53.47%, 39.33 %, and 74.92% lesser than the
normal, respectively. Thereafter, reparation in such
cellular counts was evident till the end of the study, but
the values were still found to be significantly lesser
than the standard. In TCE-pretreated animals, this de-
crease was less pronounced in comparison to irradi-
ated controls, indicating a faster recovery; however,
by the end of experimentation, the normal value was
not observed (figs. 6-8).

Non-neutrophilic granulocytes (i. e. eosinophils
and basophils) also significantly (p < 0.001) declined
from the first autopsy interval (i. e. 12 hours) and con-
tinued to decline up to day 7 of postirradiation (1.12 +
+0.20, p <0.001). Thereafter, the counts of such cells
recovered, but the normal level could not be restored
even at the last autopsy interval. Although
TCE-pretreated animals also exhibited a similar pat-
tern of variations in these counts, their values were
much higher as compared to the respective irradiated
control at all autopsy intervals (fig. 9).
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Figure 6. Variations (mean + S.E.) in lymphocytes and
peripheral blood of mice exposure to 5.0 Gy gamma ra-
diation with (experimental) or without (irradiated con-
trol) TCE, respectively. Statistical analysis: Normal v/s
irradiated control, irradiated control v/s experimental
control; significance levels: * p <0.05,"p <0.01, and °p <
<0.001
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Figure 7. Variations (mean + S.E.) in monocytes and pe-
ripheral blood of mice exposure to 5.0 Gy gamma radia-
tion with (experimental) or without (irradiated control)
TCE, respectively. Statistical analysis: Normal v/s irra-
diated control, irradiated control v/s experimental con-
trol; significance levels: * p<0.05,°p <0.01, and ‘p <0.001
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Figure 8. Variations (mean = S.E.) in neutrophylls and
peripheral blood of mice exposure to 5.0 Gy gamma radi-
ation with (experimental) or without (irradiated control)
TCE, respectively. Statistical analysis: Normal v/s irra-
diated control, irradiated control v/s experimental con-
trol; significance levels: * p <0.05,"p <0.01, and p <0.001

A significant rise of lipid peroxidation levels in
the blood was observed in irradiated controls (Group
I11) up to day 7™ (173.95%); thereafter, a significant
and progressive decrease was recorded on day 15"
(142.5%) and 30" (100.58%). On the other hand, TCE
pretreatment lowered the LPO value, while exhibiting
a similar pattern of alterations at all other autopsy in-
tervals (fig. 10).

The GSH level in blood was found to signifi-
cantly decrease up to day 7" (28.85+1.13; p < 0.001)
in the irradiated control, followed by a significant in-
crease up to the last autopsy day, whereas TCE-
pretreated animals exhibited a statistically significant
elevation in GSH, as compared to the irradiated con-
trols, while the value remained below normal till the
last autopsy interval (fig. 11).
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Figure 9. Variations (mean = S.E.) in non-neutrophilic
granulocytes and peripheral blood of mice exposure to
5.0 Gy gamma radiation with (experimental) or without
(irradiated control) TCE, respectively. Statistical analy-
sis: Normal v/s irradiated control, irradiated control v/s
experimental control; significance levels: * p < 0.05, "p <

<0.01, and p < 0.001
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Figure 10. Variations (mean = S.E.) in LPO levels and the
peripheral blood of mice exposure to 5.0 Gy gamma radi-
ation with (experimental) or without (irradiated control)
TCE, respectively. Statistical analysis: normal v/s irradi-
ated control, irradiated control v/s

experimental, significance levels: * p < 0.05, °p < 0.01,
and ‘p <0.001

DISCUSSION

The damage to blood and blood-forming tissues
after radiation exposure may result in the development
of the hematopoietic syndrome which can induce vari-
ous structural and functional dysfunctions. In the exper-
iment presented here, irradiated animals exhibited a
2.38% mortality rate within 19 days of the experiment,
to be predominantly attributed to the hematopoietic
syndrome and the gastrointestinal syndrome, as sug-
gested earlier [17, 18]. Irradiation inhibits the prolifera-
tion of stem cells and, as a consequence, replacements
are not available when normal attrition results in the
progressive loss of senescent cells. Therefore, any dam-
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Figure 11. Variations (mean £ S.E.) in GSH levels and the
peripheral blood of mice exposure to 5.0 Gy gamma radi-
ation with (experimental) or without (irradiated control)
TCE, respectively. Statistical analysis:

normal v/s irradiated control, irradiated control v/s
experimental, significance levels: *p <0.05,”p <0.01, and
p <0.001

age to these cells impairs normal physiological pro-
cesses, with a drastically adverse impact on the survival
rate. At the same time, TCE-pretreated animals experi-
enced a substantial increase in survival time by the 30™
day, which may possibly be attributed to TCE's protec-
tive effect on the bone marrow stem cell component
which continued to supply the requisite number of cells
in the survivors [19].

The findings on blood constituents presented
here demonstrate that a continuous and gradual de-
cline in RBC, Hb, and Hct was recorded in
whole-body irradiated mice, with a maximum fall on
day 3" of postexposure, which may be attributed to the
direct damage caused by radiation. Such a decrease in
RBC might be due to the inhibition of new cells enter-
ing the blood, loss through hemorrhage and the direct
killing of cells/ indirect effects on them via vessel
trauma, as suggested earlier [20, 21]. However,
TCE-administration before irradiation showed a sig-
nificant increase in RBCs that could be a result of the
stimulation and production of bone marrow progeni-
tor cells and the inhibition of radiation-induced bone
marrow suppression that might have significantly con-
tributed to the radioprotective effect of RBC.

Likewise, the depletion in hemoglobin and
hematocrit levels may be related to the direct cytotoxic
effects of radiation on the dividing cells of the
hemopoietic system, due to the disturbances in
steady-state mechanisms of erythropoiesis, resulting
in an altered hemoglobin synthesis, decreased
erythropoiesis, loss of RBC in circulation, a decreased
hematocrit value and an increase in the plasma vol-
ume. A similar decrease in hemoglobin and hematocrit
counts after exposure to gamma radiation has also
been reported by others [22, 23]. Furthermore, the

of RBC and erythropoiesis by TCE.

As opposed to this, ESR (erythrocyte sedimenta-
tion rate) continuously rose over the normal up to day
7% of irradiation, whereupon it is influenced by the
size and number of erythrocytes; therefore, its rise is
possibly due to the radiation-mediated destruction of
mature cells, internal bleeding and inflammation.
Such an elevation in ESR is in accordance with the
findings of [24, 25].

In the present study, the total number of leuco-
cytes and non-neutrophilic granulocytes (eosinophils
and basophils) exhibited their minimum level on day
7™ whereas the maximum decline in lymphocytes,
monocytes and neutrophil counts was recorded on day
31 following irradiation. Similarly, some other inves-
tigators have also reported a significant fall in TLC
(total leucocytes counts) and DLC (differential leuco-
cytes counts) in mice after exposure to different doses
of gamma rays [26, 27]. The initial phase of rapid de-
cline in all such cellular counts may be due to the direct
killing by radiation of hematopoietic stem cells, re-
sulting in an insufficient release of mature cells in the
peripheral blood, as also suggested by others [28,29].

Irradiation leads to neutropenia and results in an
increased phagocytosis for anumber of postirradiation
hours [30]. This increased phagocytic activity is asso-
ciated with the elevated level of cytokine (IL-18 and
GM-CFS) activity in the serum [31]. The administra-
tion of Tinospora cordifolia before irradiation has
been reported to increase the endogenous production
of cytokinines to higher values, leading to an increase
in the phagocytic activity of peritoneal macrophages
[32, 33]. The said effect of TCE may be efficient and
hasten the clearance of dead cells and microorganisms
and the replenishment of damaged cells by new ones,
thus leading to a faster recovery of hemopoitic tissues.
A significant increase in leucocytes counts after TCE-
administration and the enhancement of cell prolifera-
tion may also be associated with the increased CFU
counts in the spleen, as reported earlier, indicating an
immunomodulatory role of TCE in the present study
[13].

Radiation-mediated, large-scale biological de-
structions are manifested by an enhanced production of
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free radicals as a result of oxidative stress. The crucial
outcome of radiation is judged by the peroxidation of
membrane lipids which ultimately lead to DNA damage
and cell death. However, two factors blur the associa-
tion between radiation exposure and its biological con-
sequences, i. e. individual variability (due to genetic
and environmental factors) and the presence of various
defensive mechanisms which counteract the oxidative
stress resulting from after radiation exposure.

The 5-day supplementation of Tinospora cordifolia
presented in this study might be responsible for the ele-
vated concentrations of phyto antioxidants which could
subsequently restore the radiation-mediated elevation in
lipid peroxidation towards the normal, the said
phenomenum being a radiorecovery effect. As glutathione
is one of the major components of the cellular antioxidant
system [34], the significant reduction of GSH in the blood
after irradiation in the present study is, hence, possibly at-
tributable to its enhanced ability to detoxify the free radi-
cals generated by radiation. TCE-pretreatment has con-
tributed significantly to the protection of endogenous
glutathione levels against irradiation, also mirrored in
terms of reduced levels of LPO. The increase in GSH lev-
els is a confirmation of our belief that TCE exerts its
radioprotectove properties, principally, through free radi-
cal scavenging and the protection from radiation-induced
lethality, as well. Similar alterations in LPO and GSH lev-
els were also reported by other investigators using differ-
ent plant extracts [35, 36].

Tinospora cordifolia owes its powerful radiop-
rotective effects of enhancing antioxidant activities in
plasma to the free radical scavenging capacity of
polyphenol (3- glucosides, gallic acid, tannins),
flavonoids (quercetin), alkaloids (berberine), and
triterpenoids compounds which elicit the protection
against radiation and other pathological states [37,
38]. For a long time, polyphenolic compounds have
been recognized to possess many potentially signifi-
cant benefits, including anticarcinogenic, antioxidant,
antiviral and antiproliferative properties [39, 40].

The radioprotective properties of medicinal
plants such as Ginko biloba, and Mentha piperita have
also been attributed to the presence of polyphenols ca-
pable of stopping the propagation of lipid peroxidation
and chelate transitional metal ions and, hence, of inhib-
iting the formation of free radicals [41, 42]. The ability
of flavonoids to scavenge free radicals and block lipid
peroxidation introduces the possibility that the TCE ex-
tract may act as protective agent against radiation-medi-
ated damage, as earlier reported by [43, 44]. Thus, the
enhancement of cell proliferation, immunomodulation,
stimulation of hematopoisis and protection against radi-
ation-induced genotoxicity and the activation of the en-
dogenous antioxidant defense system could, together,
contribute to the radioprotective efficacy of TCE, as
presented in this study.

CONCLUSIONS

Based on the results obtained, it can be concluded
that the administration of TCE before irradiation signif-
icantly reduces postirradiation alterations of peripheral
blood constituents, indicating its radioprotective influ-
ence on the hemopoitic system.
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IIpujanka IIAPMA, IIpapun K. TOJAJI

CIIPEYABAIBE XEMATOJOMKUX U BUOXEMHUJCKHUX IMPOMEHA
N3A3BAHUX 3PAYEIBLEM IIOMORBY EKCTPAKTA KOPEHA
BUJ/BKE TINOSPORA CORDIFOLIA (JEKOBUTE NMHINJCKE BUJ/BKE)

OBgaj pay 6aBH ce paluOMOJYJIApHAM yTHUIIajeM eKcTpaKTa KopeHa 6usbke Tinospora Cordifolia na
nepudepHI KPBHU CHCTEM IIBajIapCKUX aJOMHO MUIIIEBaA IIOCNIE O3padnBamba rama 3pademeM off 5 Gy y
MPHUCYCTBY (E€KCIepUMEHTAalIHA TPpyIa) uin ofcycTBy (KouTponna rpymna) Tinospora Cordifolia (75 mg mo
KWIOrpaMy TeJIeCHe Mace XKMBOTHHbe). IIpBor, Tpeher, cegMor, MeTHAeCTOI W TPUAECETOr AaHa II0
03paunBamy, KUBOTHILE U3 PA3INIUTHX IPyIa SKPTBOBAHE CY M FbUXOBA KPB je CakyIlUbeHa. PerncrpoBaH je
3HAYajHO CMambeH OpOj epUTpOLUTa M yKyHmaH Opoj JeyKouuTa. YOUeHH Cy OONHUIM OIOpaBKa KOJ
SKUBOTH A U3 €KCIIEPUMEHTAIHE TPYIIe, alli 10 Kpaja eKCIepUMEHTa HUCY JOCTUTHYTH HOPMaJTHU HUBOU
onopaska. Takobe, Tinospora Cordifolia 3nayajao nonpuHocu noBehamwy HIBOA XoJecTepoa U JIUINIITHE
HNepOoKCHaNHje Y3 YOUCHO CMalkehe IIyTaTHHA U YKYIHE KOHIECHTpalHje IPOTeHHa.

Kwyune peuu: 2ama 3pauerse, Tinospora Cordifolia, 2ayiniaiuun, xemaitiono2uja,
AUTUOHA TePOKCUOAUU]a, UBAJUAPCKU ANOUHO MULL




