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BIOCHEMICAL ALTERATIONS IN MICE
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The present paper is a study of the modulatory effect of Rosmarinus officinalis leaves ex-
tract on radiation-induced hematological and biochemical changes in Swiss albino
mice.The dose reduction factor for the Rosemary extract against gamma rays was cal-
culated 1.53 from LDy 5, values. The Rosemary extract was administered orally for 5
consecutive days prior to radiation exposure. The hematological and biochemical pa-
rameters were assessed from day 1 to 30 post-irradiation intervals. The total erythro-
cyte count, total leucocytes count, hemoglobin, and hematocrit values in the experi-
mental group were found to be elevated as compared to the control group of mice.
Furthermore, the Rosemary extract treatment enhanced reduced glutathione content
in the liver and blood against radiation-induced depletion. Treatment with the plant
extract brought a significant fall in the lipid peroxidation level, suggesting rosemary’s
role in protection against radiation-induced membrane and cellular damage. The re-
sults from the present study suggest a radio-protective effect of the Rosemary extract

against radiation-induced hematological and biochemical alterations in mice.
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INTRODUCTION

The problem of radiation hazard to living beings
has risen due to an increasing use of nuclear energy in
industrial, medical, engineering, and scientific re-
search. The inadvertent exposure of human to radia-
tion alters the physiological and metabolic functioning
of specific body organs by causing ionization and ex-
citation of molecules, leading to the formation of free
radicals. Free radicals are believed to play a role in
more than sixty different health conditions, including
the ageing process, cancer, radiation damage, athero-
sclerosis, etc. [1, 2].
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In recent years, there has been considerable in-
terest in the possibility of modification of radiation in-
juries in biological systems. The development of ef-
fective radioprotectors and radio recovery drugs is of
great importance in view of their potential application
during both planned radiation exposure (i. e., radio-
therapy) and unplanned radiation exposure (i. e., in the
nuclear industry, natural background radiation, efc.)
[3]. These drugs are also likely to be useful in nuclear
warfare to provide protection to personnel [4].

Numerous drugs of both natural and synthetic
origin, e. g., antioxidants [5, 6], cytoprotective agents
[7], metalloelements [8], immunomodulators [9, 10],
sulphydryl compounds [11, 12], vitamin A, C, and E
[13, 14], have been tested in both in vitro and in vivo
models, human clinical trials, as well as in animal
models, to ameliorate injuries caused by exposure to
radiation. Despite extensive work done in this field,
not a single synthetic compound is available so far as
an effective non-toxic radioprotector for practical pur-
poses [15, 16]. Therefore, the search for alternative
sources as ideal radioprotective agents, including
herbs, is on going [17-19].

Various plants and plant products have been uti-
lized successfully for the treatment of free radi-



G. S. Acharya, P. K. Goyal: Role of Rosemary Leaves Extract Against Radiation-Induced ... 73

cal-medicated diseases in humans such as rheumatoid
arthritis, cancer, Alzheimer’s disease, Parkinson’s dis-
ease, aging, and several other conditions including in-
flammatory diseases [20, 21]. It is, therefore, reason-
able to expect that plants may contain certain
compounds that can protect against radiation-induced
reactive oxygen species (ROS) mediated damage. A
number of medicinal plants evaluated for their
radioprotective efficacy have shown protective effects
against the damaging effects of ionizing radiation [16,
22-24]. Because of their low toxicity, naturally occur-
ring dietary components offer opportunities for devel-
opment as radioprotectors [25].

Rosmarinus officinalis L. (family Lamiaceae) is
appreciated as a medicinal plant mainly for its antioxi-
dant, pharmacological, as well as culinary properties. It is
native to Southern Europe grows widely along the north
and south coasts of the Mediterranean sea and also in the
sub-Himalayan areas of India. This plant has shown to be
safe in toxicity studies in animal models when added as
an antioxidant to food. Well popular as “Dew of the sea”,
rosemary has a history of medicinal use as a tonic and
stimulant, analgesic, antirecumatic, carminative, diuretic,
expectorant, anti-epileptic, anti-spasmodic in renal colic,
dysmenorrhoea, relieving respiratory disorders effects
and for effects on human fertility [26]. The present study
has been undertaken to evaluate the effect of R.
officinalis’ leaves extract on radiation-induced hemato-
logical and biochemical alterations in Swiss albino mice.
Rosemary leaves are used in food industry and have
shown to be safe in animal tests [27, 28].

MATERIALS AND METHODS

Animal care and handling: Animal care and han-
dling were performed according to guidelines issued
by the World Health Organization (Geneva, Switzer-
land) and the Indian National Science Academy (New
Delhi, India). The Department’s Ethical Committee
has approved the present study. Adult male Swiss al-
bino mice (6-8 weeks old) weighing 23 + 2 g from an
inbred colony were used for the present study. The ani-
mals were maintained on standard mice feed (procured
from Hindustan Lever Ltd., India) and water ad libi-
tum. Four animals were housed in a polypropylene
cage containing paddy husk (procured locally) as bed-
ding throughout the experiment.

Preparation of the extract: The identification of the
plant Rosmarinus officinalis L. (Family: Lamiaceae)
was done by Dr. Deepak Acharya (Voucher Specimen
No: DDC/2001/DEPTBT/ACHARYA2430) of the De-
partment of Botany, Danielson College, Chhindwara,
Madhya Pradesh, India. The non-infected, cleaned,
shade dried leaves were powdered and extracted with
double distilled water (DDW) by refluxing for 36 hours
at 50-60 °C. Pellets of the drug were obtained by evapo-
rating its liquid content in the incubator. For radiation

treatment, the selected doses were prepared by dissolv-
ing the drug pellets in double distilled water (1000 mg/
kg body wt.)

Determination of acute toxicity of Rosemarinus
officinalis extract: The acute toxicity of the
Rosmarinus officinalis extract (RE) was determined
according to Prieur et al. [29] and Ghosh [30]. Briefly,
the animals were fasted by withdrawing food and wa-
ter for 18 hours and divided into groups of 8 each.
Each group of mice was administered with various
doses, i. e., 100, 200, 400, 800, 1000, 1500, and 2000
mg/kg b. wt. of the plant extract orally (5 consecutive
days). The animals were provided with food and water
immediately after the administration of the drug. The
mortality of the animals was observed up to 30 days
post-RE treatment and acute LDy, of RE was calcu-
lated.

Irradiation: One hour after the last administration
of DDW or RE, the mice were whole body exposed to
%Co (cobalt teletherapy unit) gamma radiation source at
the Cancer Treatment Centre, Radiotherapy Department,
SMS Medical College & Hospital, Jaipur, India. A batch
of 12 animals was irradiated to 9 Gy radiation, each time
in a specially designed well-ventilated acrylic box, at a
dose rate of 0.85 Gy per minute at a source-to-animal dis-
tance (midpoint) of 80 cm.

Selection of optimum dose: The dose selection of
RE was done on the basis of our previously conducted
drug tolerance and animal survival study [16]. Various
doses of RE (100, 200, 400, 800, 1000, 1500, and 2000
mg/kg b. wt.) were tested against gamma irradiation (9
Gy) for radiation sickness and mortality. An optimum
dose (1000 mg/kg b. wt.) thus obtained was used for ex-
perimentation in details.

Protocol: The mice for this study were divided into
four groups: animals in Group-1 were administered
orally with DDW (volume equal to RE) to serve as Nor-
mal, while animals in Group-II (RE control) were given
RE orally in a dose of 1000 mg/kg body wt. per day for 5
consecutive days. Animals of Group-III (irradiation con-
trol) received an equal volume of DDW (as in Group-I)
and were exposed to 9 Gy gamma rays. Animals in
Group-IV (RE experimental) were given RE (as in
Group-1II), one hour before exposure to 9 Gy gamma irra-
diation.

All animals were monitored for weight change, be-
havioral changes, mortality, food, water consumption
etc., up to 30 days. The animals from the above groups
were autopsied at days 1, 3, 5, 10, 20, and 30 post-treat-
ment intervals of post-irradiation. Blood samples were
collected from the orbital sinus of mice from respective
groups and examined for histopathological and bio-
chemical alterations after routine procedures.

Biochemical alterations were studied in all the
groups at one hour post-exposure to 9 Gy gamma rays.
Glutathione (GSH) content in the blood and liver was
estimated spectrophotometrically using Ellman’s re-
agent (DTNB) as a coloring reagent as per the method
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described by Beutler ef al. [31] and Moron et al. [32],
respectively. The absorbance was read at 412 nm, using
a UV-VIS Systronic spectrophotometer. The lipid
peroxidation level in the serum and liver was measured
using thiobarbituric acid reactive substance (TBARS)
by the method of Ohkhawa ef al. [33]. The absorbance
was read out at 532 nm, using a UV-VIS Systronic
spectrophotometer.

Statistical analysis: The result for all the groups
at various autopsy intervals was expressed as mean =
standard error. The Student’s ‘t’ test was used for sta-
tistical comparison between the groups and signifi-
cance level was set at different levels as p < 0.05, p <
< 0.01, and p < 0.001.

RESULTS

No noticeable signs of behavioral changes, sick-
ness or mortality were observed in the sham-irradiated
(Group-I) and RE-treated group (Group-II). These an-
imals appeared quite healthy in all respects. In the
sham-irradiated (Group-I) and rosemary alone treated
(Group-II) mice, a consistent weight gain was ob-
served from day 3 onwards, reaching the maximum by
the last autopsy interval. The total erythrocyte counts,
hemoglobin percentage, hematocrit value and total
leucocyte counts did not show any significantly nota-
ble changes after sham-irradiation. The various hema-
tological parameters as described in Group-I animals
closely followed the pattern in RE alone treated mice
(Group-II), depicting the fact that the plant extract
alone did not bring about notable changes in blood
components of Swiss albino mice (tab. 1).

Erythrocytes: In group III, erythrocytes count
decreased significantly below normal (»p <0.001) at all
autopsy intervals. The maximum decline (4.07 +0.12)

was recorded as early as day 1 post-irradiation, after
which a gradual increase was noticed at later intervals.
No animals in this group survived beyond the 10" day
post-autopsy interval. In animals pre-treated with RE
prior to irradiation (group IV), erythrocyte counts
showed a highly significant (p < 0.001) increase over
the control (Group-I) up to the 10™ day post-treatment.
However, maximum decrease (5.83 + 0.17) was ob-
served on day 3 post-irradiation. Thereafter, a recov-
ery was evident, but the normal value could not be at-
tained even after the 30" day radiation exposure (tab.
1).

Hemoglobin: In irradiated alone (Group-III) ani-
mals, a marked drop in the hemoglobin level (9.74 +
1+ 0.05; p < 0.001) was recorded on day 1 post-irradia-
tion. Thereafter, a gradual increase was evident up to
the 10™ day, but after that no animal survived later au-
topsy intervals. In the RE pretreated irradiated group,
the values of hemoglobin showed a significant (p <
< 0.001) increase over the control group. After the day
1 autopsy interval, a continuous recovery in the hemo-
globin level was measured up to day 30 post-irradia-
tion. However, a normal value could not be obtained
even on the 30" day of post-treatment interval (tab. 1).

Hematocrit: A highly significant decrease (p <
<0.001) from normal was observed in group I11, at all
autopsy intervals studied. However, the fall was max-
imal (28.65 + 0.52) on the 1st day of the post-autopsy
interval. Thereafter, a recovery was recorded up to
day 10, but the values remained significantly below
normal. In RE treated irradiated mice (Group-1V), a
similar trend was noticed in both the hematocrit and
erythrocytes count (tab. 1).

Leucocyte: The leucocytes count decreased sig-
nificantly (p < 0.001) below normal with a maximum
decline (2.71 £0.16) on day 3 post-irradiation. No ani-
mal survival was seen in this group after day 10

Table 1. Variations (mean * standard error) in hematological counts after exposure to 9 Gy gamma rays with
(experimental) or without (control) Rosmarinus officinalis L. extract

Hematological Post — irradiation intervals
parameters Groups Day 1 Day 3 Day 5 Day 10 Day 20 Day 30
Control 4.07£0.12° | 4.13+0.13¢ | 441£0.12° | 537+0.21° n.s. n.s.
Erythrocytes -
Experimental | 5.94 £0.20° | 5.83£0.17¢ | 7.12£0.19¢ | 7.38 £0.14¢ 7.62£0.19 7.96 £0.12
) Control 9.74£0.05¢ | 10.18 £0.14° | 10.67 £0.10° | 11.78 £0.22° n.s. n.s.
Hemoglobin -
Experimental | 10.87 £0.23¢ | 11.33+0.19° | 11.59+0.21°¢ | 11.83+0.16° | 12.10£0.19 | 12.47£0.13
) Control 28.65£0.52¢ | 30.75+1.01¢ | 30.34£0.48° | 31.94+0.59¢ n.s. n.s.
Hematocrit -
Experimental | 34.83 +0.84° | 34.18 £ 0.34° | 35.64 £ 0.60° | 38.31 £0.63° | 39.59£0.43 | 40.45£0.46
Control 286£0.15¢ | 2.71+0.16¢ | 3.18£0.17¢ | 3.78 £0.24¢ n.s. n.s.
Leucocytes -
Experimental | 3.96+0.21¢ | 4.03+£027¢ | 421+0.12¢ | 4.43+0.18 4.84£0.20 5.06+£0.12

Normal values:

Erythrocytes = 8.67 + 0.14-10%mm, Hemoglobin = 13.18 + 0.13 gm/dl, Hematocrit = 42.22 + 0.38%, Leucocytes = 5.86 % 0.14-10°/mm,
Control = DDW + irradiation; Experimental = RE + irradiation; n. s. = no survival
Statistical comparison:
Control vs. Normal; Experimental vs. Control

Significance levels:

p <0.05,°p <0.01, °p <0.001
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post-exposure. In Group-IV, leucocyte counts were
observed as significantly (p <0.001) higher than in the
control group throughout the experiment. Initially, a
drop in the number of such cells was noticed on day 1
post-treatment (3.96 £ 0.21). Later, it exhibited a con-
tinuous rise up to day 30" post-interval, but the values
remained below normal (tab. 1)

Glutathione (GSH): Blood and liver GSH level
in Group-I was estimated as 3.47 £ 0.12 and 62.87 +
1.36, respectively. In RE alone administered
(Group-II) animals, no significant alterations in the
GSH content were observed as compared to normal
(Group-I). In animals exposed to 9 Gy rays alone
(Group-III), a significant fall in blood and liver GSH
level was recorded (p < 0.001) in comparison to nor-
mal. However, in RE pretreated irradiated mice
(Group-1V), a significant increase (p <0.001) was ob-
served in comparison to group-III, but the difference
was not significant (tab. 2).

Lipid peroxidation (LPx): Serum and liver LPx
in Group-I (normal) mice was measured after 1 hour
and was found to be 1.25 pmol/ml and 2.65 pmol/mg,
respectively. No significant alterations as compared to
normal were observed in RE alone treated animals
(Group-II). In the irradiated alone control (Group-
III), the LPx level increased after radiation exposure of
9 Gy. RE pre-treatment (in group-IV) significantly
lowered lipid peroxidation, as it was measured above
normal in both blood and liver in the experimental
Group-1V (tab. 2).

DISCUSSION

Several attempts have been made to inhibit radi-
ation-induced injuries using a variety of synthetic and
natural radioprotectors in mammals. But chemical
compounds do not qualify radiation protection at a
non-toxic, low dose in occupational or therapeutic set-
tings. Since it is a common fact that medicinal plants
and plant products are eco-friendly, harmless, and
cheap, they have become a major avenue for the dis-
covery of new radio-protective drugs [15, 34, 35].

Some earlier studies on radioprotection show
that an agent tested for its radio-protective action is ef-

fective only at a particular dose [35-37]. A similar
action can not be ruled out for RE, which provided an
optimum protection at 1000 mg/kg, while the higher
doses resulted in a steady decline in its protective
properties. Hematological counts serve as sensitive
parameters determining the protective efficacy of such
compounds. In the present study, RE pre-treatment
shows a significant increase in the total number of
erythrocytes, leucocytes, hemoglobin content, and
hematocrit values as compared to their respective con-
trols at all other intervals.

To the contrary, all animals of Group-III died
within 30 days when exposed to the 9 Gy radiation
dose. The first death was recorded on day 7, followed
by a 100% mortality within 20 days of the 9 Gy radia-
tion exposure. According to Casarette [38], damage to
the hematopoietic system is a major factor in the mor-
tality rate following acute radiation exposure. RE pre-
treatment provided enhanced survival in mice and
also, protection against hematopoietic death, probably
by shielding hematopoietic stem cells responsible for
the regeneration and recovery of the system. The pro-
cess, possibly, stimulates cellular regeneration and,
thus, causes early recovery. Similar observations have
been reported earlier with some herbal preparations
like Triphala, Abana, Septlin [39], Syzygium cumini
[40], and Brassica compestris [41].

Atahigher dose of9 Gy, the erythrocyte count fell
more sharply up to day 7, but recovered there after. Fred
and Smith [42] suggested that the radiation-induced de-
pletion of hematopoietic stem cells may be an important
factor contributing to the decline in the erythrocytic
population. The acute decline in the total RBC count
may be attributed to the leakage on account of hemor-
rhage caused by radiation induced lesions in blood ves-
sels [43]. However, the RBC count was significantly
higher in experimental Group-IV than in Group-III. Re-
cently, Samarth et al. [44] observed a similar protective
efficacy of a plant extract, Mentha piperita, against ra-
diation-induced depletion in RBC and hemoglobin. A
drop in the hemoglobin content (Group-IIT) may be at-
tributed to the decreased erythropoiesis and, hence, a
decrease in the number of red blood cells and/or the
leakage of RBC into lymphatic tissue and other tissue
spaces due to increased capillary permeability. The de-

Table 2. Reduced glutathione and lipid peroxidation level in blood and serum of Swiss albino mice after exposures to
different doses of gamma rays with (experimental) or without (control) Rosmarinus officinalis L. extract

Glutathione Lipid peroxidation
Treatment
Blood [pg/ml] Liver [umol/mg] Blood serum [pzmol/ml] Liver [umol/mg]
Normal 3.47+0.12 62.87 £1.36 1.25+£0.06 2.65+0.17
RE treated 3.57+0.12 63.32+£1.13 1.19+0.11 2.54+0.12
9 Gy (control) 2.03£0.01¢ 31.15+£0.27¢ 5.63£0.41¢ 9.82 £0.25¢
RE + 9 Gy (experimental) 2.85+0.04¢ 51.20 £ 0.43¢ 3.12£0.02¢ 5.16 £0.07°

Statistical comparison:
Control vs. normal

Significance levels:
1 <0.05, °p < 0.01, °p < 0.001
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crease in the hemoglobin content as observed in the
present study may also be due to the depletion in the
synthesis of hemoglobin after radiation exposure.
Nunia and Goyal [45] observed the inhibition of hemo-
globin synthesis in animals after radiation exposure. In
RE pre-treated mice (Group-1V), the level of hemoglo-
bin was maintained higher than their control values at
all other autopsy intervals, indicating that the RE has a
protective action on the hemoglobin content. The dif-
ference between hemoglobin content of the control and
experimental groups at early post-irradiation intervals
appears to be closely associated with the elevated RBC
counts observed in RE pre-treated animals in the pres-
ent study. Thus, the protection of hemoglobin is closely
related with the protection of RBC and erythropoiesis
by rosemary.

The decrease in the hematocrit value can be at-
tributed to the failure of erythropoiesis, destruction of
mature cells, and internal bleeding. The depression in
the hematocrit value can also be attributed to the total
cell depletion in peripheral blood aided by distur-
bances in steady-state mechanisms in blood forming
organs, as well as an increase in plasma volume after
irradiation. In RE treated animals, hematocrit values
showed a consistent recovery over control from 24
hours onwards; however, a normal value could not be
attained at a 9 Gy radiation dose.

Itis a well known fact that radiation exposure re-
duces the number and functional activity of circulating
lymphocytes and changes the distribution and ratio of
their sub populations [46]. Patt [47] stated that the
rapid decline in the lymphocytes number is due the
direct destruction of such cells in peripheral blood.
Rosemary extract treatment to Group-IV mice may
have stimulated or protected hematopoiesis and the
bone marrow and brought about a subsequent rise in
hematological constituents in peripheral blood.

Glutathione is a free-radical scavenger that of-
fers protection against oxygen derived free radicals
and cellular lethality following exposure to ionizing
radiation [48]. Proper maintenance of GSH is critical
for keeping a check on cellular homeostasis [49]. Un-
der normal conditions, the inherent defense system,
not excluding GSH and antioxidant enzymes, protects
against oxidative damage [50, 51].

Asignificant decrease in levels of GSH was regis-
tered in Group-III mice in comparison to the normal
(Group-I) animals. Furthermore, in animals pre-treated
with RE prior to gamma radiation (Group-IV), an in-
crease (as compared to group III) in hepatic and blood
GSH level was recorded. The present study demon-
strates that oral administration of RE to Swiss albino
mice did not significantly influence the endogenous
GSH level. The lower depletion of liver and blood GSH
in Group-IV could be due to the higher availability of
GSH, which increases the ability to cope with the free
radicals produced by radiation.

In the present study, an increase in LPx level
(hepatic as well as serum) was observed following ra-
diation exposure. It was observed that, although RE
treatment did not significantly alter the LPx level in
non-irradiated animals, it considerably diminished the
generation of radiation-induced lipid peroxidation in
terms of malondialdehyde production. The increase of
lipid peroxidation byproduct (malondialdehyde) fol-
lowing radiation exposure as revealed in the present
study is a clear indication of increased oxidative stress.
Kilic et al. [52] observed that lipid peroxidation starts
as soon as the endogenous GSH gets exhausted, and
the addition of GSH stops further peroxidation
promptly. In Group-IV, an increase in the GSH con-
centration, towards normal, could have resulted in the
reduced levels of LPx, thereby protecting against dam-
age caused by radiation. Shimoi ef al. [53] proposed
that plant flavonoids, which show antioxidant activity
in vitro, function as antioxidants in vivo, and their
radioprotective effect may be attributed to their radical
scavenging activity.

The radio-modulatory effect observed after the R.
officinalis leaves extract treatment may be due to the
significant elevation in GSH level and a decreased
MDA formation in the blood and liver of Swiss albino
mice. There are several pathways of radioprotection
that have been suggested against the damaging effects
of ionizing radiation in mammalian cells. The mecha-
nisms that radio-protectors implicate include free radi-
cal scavenging that protects against ionizing radia-
tion-generated ROS or chemotherapeutic agents and
hydrogen atom donation that facilitates direct chemical
repair at sites of DNA damage.

Rosemary contains active constituents like
carnosol, carnosic acid, caffeic acid, rosmarinic acid,
ursolic acid, different phenols, diterpenes, and
flavanoids [26, 54, 55] that have been subjected to vari-
ous pharmacological investigations. Findings of Offord
et al. [56] confirm that natural polyphenols found in rose-
mary have not only potent antioxidant activities but also
anticarcinogenic properties.

The RE might have scavenged ROS generated
by ionizing radiation before they could interact with
biochemical molecules, thus reducing the harmful ef-
fects of radiation. To investigate the exact mechanism
of action and clinical applicability of R. officinalis as a
radioprotector, further work is in progress. The results
of the present study suggest that R. officinalis leaves
extract modulates radiation-induced hematological
and biochemical alterations, probably by providing
protection from free radicals.
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Tl'apuma C. AMAPUJA, IIpagun K. TOJAJI

YIIOTPEBA EKCTPAKTA PY3MAPHUHOBOTI /IUCTA IIPOTUB 3PAYEIBLEM
N3A3BAHUX XEMATOJJOIMKUX N1 BUOXEMMUJCKHUX ITPOMEHA Y MHUIIEBA

Pan npepcraBba npoydyaBambe MOAYIATOPHUX eheKaTa Ha 3pavucHheM H3a3BaHe XEMAaTOJOIIKE U
6uoxeMujcke NMPOMEHE KOJ IIBAjIapcKuX OeJMX MHIIeBa ycled MpUMEHE eKCTpakTa JIUCTa Rosmarinus
officinalis. ®akTop pepykumje no3e 10 1,52 3a py3MaprmHOB €KCTPAKT Kao CPEACTBO MPOTHB raMa 3paderha
n3padyHar je n3 LDs 3, BpegHOCTH. Py3MapnHOB €KCTPaKT YHOIICH je OpajlHO MET y3acTOIHHX aHa Ipe
U3Jarama 3pavcky. XeMaTOIOMIKN 1 ONOXEMUjCKU TapaMeTpH IPOICHABAHM CY Y HHTEPBAILY Of IPBOT 10
TPHUAECETOr laHa MO O3paulBamy. YKyNaH Opoj epUTPOLHTA U JICYKOLUTA, BPEIHOCTH XEMOITIOOUHA U
XeMaTOKpHTA y eKCIIEPUMEHTAIHO] TPYIH GHJIe Cy MOBHIICHE Y TOpeherby ca KOHTPOTHOM IPYIIOM MUIICBA.
IlocTymak py3MapuHOBAM EKCTPAaKTOM MOBHCHO je PEIyKOBAaHW cCafip:Kaj TIyTaTHOHA Y ]eTpI/I U KpBU
HACYNPOT 3payemheM M3a3BaHor ciabibema. Jleuewme OUbHUM €KCTPAKTOM JOBEIO je 10 3HauyajHOr Iaja
HHUBOA JIMIHJHE TEepPOKCHAa3e, yKa3yjyhm Ha ylIory py3MapuHa y 3allTUTH Off 3padcHheM H3a3BaHOT
omrehema mMemOpane u henmje. Pedynratn nmpoyuaBamwa ymnyhyje Ha edexrte 3amTute py3MapuHOBAM
EKCTPaAKTOM Off 3paucH-eM N3a3BaHNX XeMaTOJIOIIKAX W OMOXEMHjCKIX IPOMEHA Y MAIIICBA.

Kmwyune peuu: zama 3apaverbe, ZAYWHAHUOH, XeMATHOA0ZU]d, 03PAHUBAFbE, AUNUOHA TEePOKCUOA3A,
Rosmarinus officinalis, weajuyapcrku 6eau muut



