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Summary

Increasing use of nuclear radiation for human welfare necessitates a new,
safe and cost effective radio protector not only for personnel’s charged with
responsibility of testing or with radiations in laboratories, but also for the
general public. Keeping this view, this study has been undertaken to find out
the possible radio protective potential of the Grewia asiatica fruit pulp
extract (GAE), Grewia asiatica has a high content of antioxidants like
Vitamin C, anthocyanin and folate that may play a possible role in
radioprotection .For experimental study, healthy Swiss Albino mice were
selected from an inbred colony and divided into four groups. Group I
(normal) did not receive any treatment. Group II was orally supplemented
(GAE) once daily at the dose of 700 mg / Kg. b.wt / day for fifteen
consecutive  days. Group III (control) received distilled water orally
equivalent to GAE for fifteen days than exposed to 5 Gy of gamma
radiation. Group IV (experimental) was administered orally (GAE) for 15
consecutive days once daily and exposed to single dose of 5Gy of gamma
radiation. Mice were sacrificed at different autopsy intervals viz. 1, 3, 7, 15
and 30 days and blood and liver were removed for various biochemical
estimations viz. glutathione (GSH), lipid peroxidation (LPO). Irradiation
resulted an elevation in lipid peroxidation (LPO) and a decline in
glutathione (GSH) level in liver as well as blood. On the other hand,
treatment of animals with GAE extract before irradiation caused a
significant decrease in LPO and a marked elevation in GSH.
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Introduction

Synthetic protectors against oxidative damage to tissue have toxicity. This limits their value
in the clinical field. The search is on for some natural compounds, which can quench the
reactive energy of free radicals and eliminate singlet oxygen, one of  the major
participants in lipid peroxidation (LPO). A large number of compounds from various plant
sources have been shown to posses antioxidant properties.'™ Antioxidants of plant origin
include vitamin E, C, selenium, phenolic compounds, flavonoids and others.” Nutritional
intervention to increase intake of phyto-antioxidants may reduce the threat of free radicals.
Recent research has indicated that the people who eat higher amounts of fruits and
vegetables have about one half the risk of cancer and less mortality from cancer.”® India
has a rich heritage of medicinal plants many of which have been explored for the various
bioactivities since ages, but the radioprotective potential of the plants have been hardly
explored. In this context Grewia asiatica (Phalsa) cultivated on a commercial scale mainly
in the northern and western states of India, "™ is known for its medicinal properties. The
fruit is astringent and stomachic. Morton” reported that unripe phalsa fruit alleviates
inflammation and is administered in respiratory, cardiac and blood disorders, as well as in
fever reduction. Furthermore and infusion of the bark is given as a demulcent, febrifuge,
and treatment for diarrhea. Grewia asiatica contains anthocyanin type cyanidin 3-
glucoside,'” vitamin C, minerals and dietary fibers etc.'” The antioxidant properties of
vitamin C are well known and anthocyanin has recently emerged as a powerful antioxidant.
The present study is therefore an attempt to investigate the possible protective role of
Grewia asiatica fruit against radiation induced oxidative stress in mice with special
reference to blood and liver.
Materials and Methods

Animal care and handling:

Adult male Swiss albino mice (6-8 weeks old) weighing 23+2 g from inbred colony
were used for the present study. The animals were maintained on the standard mice feed
(procured from Hindustan Lever Ltd., India) and water ad libitum. Four animals were
housed in polypropylene cage containing paddy husk (procured locally) as bedding
throughout the experiment. Animal care and handling were performed according to
guidelines issued by the World Health Organization (Geneva, Switzerland) and the Indian
National Science Academy (New Delhi, India). The Department Ethical Committee has
approved the present study.

Extract preparation (Drug)

Fresh fruits of Grewia asiatica collected locally in summer season were washed,
shade dried and powdered after removal of seeds. Methanolic extract was then prepared by
refluxing for 36hours (3x12) at 40°C. The extract thus obtained was vacuum evaporated so
as to get in powdered form. The extract was redisolved in doubled-distilled water (DDW)
just before the oral administration. For the various concentrations, a known amount of GAE
was suspended in DDW and 50 pl of GAE suspension was given to each mouse by oral
gavage as given by Ahaskar et al . '?

Source of irradiation

The cobalt teletherapy unit (ATC-C9) at Cancer Treatment Center, Radiotherapy
Department, SMS Medical College and Hospital, Jaipur, Rajasthan, India was used for
irradiation. Unanaesthestized animals were restrained in well-ventilated Perspex boxes and
whole body exposed to gamma radiation at a distance (SSD) of 77.5cm from the source to
deliver the dose rate of 1.07 Gy/ min.
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Dose selection

Dose selection of Grewia asiatica was done on the basis of drug tolerance study
(Jain et al., 2002b). Various dose of Grewia asiatica (100,400,700,1000,1300 mg/kg b.wt.)
were tested against gamma irradiation (10Gy). Thus 700 mg/kg b.wt. /day was used as
optimum dose for further experimentation as obtained by Ahaskar et al . '?

Experimental design

Mice selected from an inbred colony were divided into 4 groups (30 animals in each
Group).

Group | (normal): Mice of this group did not receive any treatment.

Group Il (drug): Mice of this group were administered with GAE (700mg/kg of b.wt.
/day) for 15 consecutive days once daily.

Group III (control): Mice received DDW (volume equal to Grewia asiatica solution) for 15
days and were then exposed to 5Gy of gamma-radiation.

Group IV (Experimental): In this group oral administration of GAE (700mg/kg of b.wt.
/day) was made once daily for 15 consecutive days. One hour after administration of last
dose of GAE, mice were whole body exposed to single dose of 5 Gy gamma-radiation as in
group third. Six mice from each groups were necropsied at various intervals, i.e.
1,3,7,15,30 days post irradiation

These animals were killed by cervical dislocation, and their blood was collected from
orbital sinus by heparinised needle. Also, their livers were profuse transcardially with ice-
cold saline and Blood ad liver were used to estimated for various biochemical changes viz.
glutathione, protein and Lipid peroxidation.

Biochemical Assay

Reduced glutathione (GSH) assay: Spectrophotometric quantification of reduced
glutathione (GSH) has been carried out using 5, 5_dithiobis- (2-nitrobenzoic acid) (DTNB)
reagent according to the method proposed by Moron et al '¥. Briefly, 200 pl of tissue
homogenate (20%) was added to 800 pl distilled water and then 2 ml of sodium phosphate—
EDTA buffer (0.1 M sodium phosphate, 0.005 M EDTA buffer, pH 8.0), containing 0.6 M
DTNB were added. The optical density of the yellow coloured complex developed by the
reaction of GSH and DTNB was measured at 412 nm using a UV—vis spectrophotometer.

Lipid peroxidation (LPO) assay: LPO was measured by the method of Buege and Aust'®.
Briefly, tissue homogenate was mixed with TCA-TBA-HCI and was heated for 15 min in a
boiling water bath. After centrifugation the absorbance was recorded at 535 nm using a
UV-Vis double beam spectrophotometer. The LPO has been expressed as MDA in n mole/
gm tissue.

Statistical Analysis
The results obtained in the present study were expressed as mean = SEM. The statistical

difference between various groups were analysed by the Student’s t-test and the
significance was observed at the p <0.02, p <0.0land p <0.001 level.
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Results

Lipid Peroxides: - It is evident from graph 1 that control group (untreated irradiated) has
a significantly higher value of MDA content in blood serum at all autopsy intervals then
compare to normal or experimental group. MDA increases after irradiation up to day 15"
in control group and at day 3™ in experimental group. Thereafter decrease in LPO values
were observed. In control group the value were higher (220.45%) then normal at day 15"
Mice exposed to radiation have a significantly (P<0.001) higher values of MDA content, to
normal mice. Such radiation induced changes in LPO level appears to be was ameliorated
by the administration of GAE.
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Fig.1 Variation in Lipid peroxidation( LPO) level in blood serum of mice at various

post irradiation days in the presence or absence of Grewia asiatica fruit extract (+
SEM)

The value represents mean + S.E.M. The statistical si%niﬁcance was obtained between
normal V/s only drug and Control V/s Experimental (°p < 0.01; *p <0.001: "p= no
significant)

Liver shows (graph 3) continuous augmentation in the level of TBARS content after
gamma irradiation till day 15" in control where as in experimental group it shows till 7"
day. Thereafter, depletion in TBARS content was noticed i.e. recovery starts. In
experimental group, TBARS content became almost normal by the day 30™ post irradiation
but in the control group, it was higher (10.35%) than the normal value. At all the post
irradiation intervals, the LPO values remained significantly lower in experimental group as
compared to the control group.
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Fig.3 Variation in Lipid peroxidation(LPO) level in liver of mice at various post irradiation
days in the presence or absence of Grewia asiatica fruit extract (+ SEM)

The value represents mean = S.E.M. The statistical significance was obtained between
normal V/s only drug and Control V/s Experimental (°p < 0.05; °p < 0.01; *p <0.001: "p=
no significant)
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Fig.2 Variation in Glutathion(GSH) level in blood serum of mice at various post irradiation
days in the presence or absence of Grewia asiatica fruit extract (+ SEM)

The value represents mean = S.E.M. The statistical significance was obtained between
normal V/s only drug and Control V/s Experimental (‘p < 0.05; °p < 0.01; *p <0.001: "p=
no significant)
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Glutathione

There was an insignificant variation in blood glutathione values from 1 to 30 days post-
treatment in GAE treated unirradiated and normal mice; therefore a single value was taken
for statistical comparison. It is evident from garph 2 that the values of reduced Glutathione
were significantly not different in GAE treated group from normal group. Glutathione
decreased in control group till 7™ day and then increased upto last autopsy interval,
however it was remained lower at all autopsy intervals with respect to normal. In GAE
pretreated irradiated group, it decreased upto day 3™ and afterwards it increased until it
reached normal values at the last autopsy intervals. Percentage protection observed in
experimental group was 11.7%, 14.04%, 24.45%, 38.54%, and 34.24% respectively higher
then control at 1, 3, 7, 15, and 30 days post exposure, with respect to normal group.

GAE supplementation for 15 days continuously raised the GSH level by 3.96 % in
comparison to the normal. In both the control and experimental groups initially the GSH
level declined upto day 15™ and 7™ day respectively, thereafter GSH level increased
continuously upto the last interval. The maximum decrease noted at day 7™ and 15™ was
50.79 % and 29.75% in control and experimental group respectively with compare to
normal. At day 30 in the experimental group GSH level reached near normalcy but was
still deficient by 3.01%. GAE supplementation prior to irradiation raised the GSH level at
all the autopsy intervals compared to the control group as shown in graph 4.
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Fig. 4 Variation in Glutathion(GSH) level in liver of mice at various post
irradiation days in the presence or absence of Grewiaasiatica fruit
extract (£ SEM)

The value represents mean + S.E.M. The statistical significance was obtained between
normal V/s only drug and Control V/s Experimental (°p < 0.05; °p < 0.01; *p <0.001: "p=
no significant)
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Discussion

Results obtained from this study indicate that Grewia asiatica extract may act as
radioprotective agent and render protection against radiation induced oxidative stress.
Oxidative stress refers to the cytotoxic consequence of reactive oxygen by products:
superoxide anions and hydroxyl radicals, which are generated as metabolites of normal and
aberrant metabolic processes that utilize molecular oxygen.'> Oxidative stress leads to lipid
peroxidation and metabolic disorders.'™"® Lipid peroxidation is a highly destructive
process and cellular organelles and whole organism, lose biochemical function and/or
structural and architecture, '*’ which may lead to damage or death of cell. The preservation
of cellular membrane integrity depends on protection or repair mechanisms capable of
neutralizing oxidative reactions. The presence of antioxidants in the plants suppresses the
formation of free lipid radical and thus prevents the formation of endoperoxidation.

Under normal conditions, the inherent defense system including glutathione and
antioxidant enzymes protects against the oxidative damage. GSH offers protection against
oxygen derived free radicals and cellular lethality following exposure to ionizing radiation.
%9 GSH is a versatile protector and executes its radioprotective function through free
radical scavenging, restoration of the damaged molecule by hydrogen donation, reduction
of peroxides and maintenance of protein thiols in the reduced state.*"

The present study demonstrates a significant reduction in liver and blood GSH following
exposure. This could be due to the enhanced utilization of the antioxidant system as an
attempt to detoxify the free radicals generated by radiation. Oral administration of GAE did
not significantly influence the endogenous GSH level either in liver or blood, but its
presence during radiation exposure protects the endogenous GSH depletion due to
irradiation. The lower depletion of liver and blood GSH in the GAE pre-treated irradiated
animals could be due to the higher availability of GSH, which increases the ability to cope
up with the free radicals produced by irradiation. The increased GSH level suggests that
protection by GAE may be mediated through the modulation of cellular antioxidant levels.
The basic effect of radiation on cellular membranes is believed to be the peroxidation of
membrane lipids. Radiolytic products, including hydroxyl and hydroperoxyl radicals, can
initiate lipid peroxidation®”. In the present study, however, GAE treatment did not
significantly alter the lipid peroxidation level in unirradiated animals, but it significantly
lowered the radiation-induced lipid peroxidation in terms of malondialdehyde.The
Inhibition of lipid peroxidation in biomembranes can be caused by antioxidants *2%.

Earlier studies in our laboratory demonstrated that oral administration of 700 mg/k.g.
b.wt/day dose of GAE, prior to radiation exposure (10 Gy), was found to be effective in
terms of survivability then other higher and lower doses of GAE. The radioprotective effect
of GAE was also determined by calculating the dose reduction factor (DRF), which was
1.53.Protective role of GAE in mice brain against 5Gy gamma radiation was also studied
by Ahaskar et al'?.

Fruits like ber, phalsa, apple and strawberry have been shown to possess moderate
antioxidant activity ranging from 12-64 mM FRAP. ** Matsumoto et al ** have shown that
the antioxidative activity of plasma lasted longer than the presence of anthocyanin
glycosides in the plasma. They assumed that anthocyanins were converted into some
metabolites having antioxidant activity.
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Like other flavonoids, anthocyanins and anthocyanidins (the aglycone form) have
antioxidant properties.”” The antioxidant potency of anthocyanin extracts is concentration
dependent. ¥ The positive effects of anthocyanin pigments could be related to their potent
antioxidant activity demonstrated in various in vitro and in vivo studies. ***"*?! So,
prophylactic action of Grewia asiatica against radiation-induced metabolic disorders may
be due to presence of antioxidant like anthocyanin, vitamin c etc.

The protection afforded with GAE in biochemical activity of blood and liver in the present
study may prove to be beneficial for the clinical use of such dietary compound as radio
protector.
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