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        Background: The radioprotective effect of Grewia 
asiatica fruit (GAE) which contains anthocyanin type 
cyanidin 3- glucoside, vitamin C, A, minerals,            
carotenes and dietary fibers etc was studied.        
Materials and Methods: For study Swiss albino mice 
were divided into five groups-1. Control (vehicle 
treated) 2. GAE treated (700 mg / Kg. b.wt / day for 
fifteen days), 3. Irradiated (5 Gy), 4. GAE + Irradiated 
and 5. Irradiated + GAE treated. Results: The              
irradiation of animals resulted in a significant           
depletion in the DNA and RNA level at all intervals 
studied viz 1-30 days in comparison to control group. 
Treatment of mice with GAE before and after                  
irradiation caused a significant elevation in liver DNA 
and RNA level in comparison to irradiated mice.          
Photomicrograph of liver histology also showed that 
pre and post supplementation of GAE provides             
protection against radiation. Similarly counting of 
different type hepatocytes also showed that GAE         
protect the liver against radiation. Conclusion: Thus 
biochemical and histopathological results proves that 
GAE has the potential against radiation. Iran. J.        
Radiat. Res., 2010; 8 (2): 75­85 
 
        Keywords: Radioprotection, mice liver, DNA, RNA, 
liver histology, hepatocyte count. 
 
 
INTRODUCTION 
 
        Radiation causes tissue injury, both in 
tumors and in normal tissues, by induction 
of apoptosis or clonogenic cell death         
triggered by free radical-mediated DNA 
damage (1). Interaction of ionizing radiation 
with the biological system results in the 
generation of many highly reactive             
short-lived reactive oxygen species (ROS), 
mainly due to the hydrolysis of water (2). 
These ROS then attack cellular macromole-
cules like DNA, RNA, proteins, membranes 
etc, causing their dysfunction and damage 
(3). Saint George (4) stated that though DNA 
constitutes only 1% of total cellular mass, 
any damage to this molecule may lead to 
highly modified cell fate. DNA is, therefore 

referred to as ‘Critical molecule’ in the event 
of radiation exposure. 
        More than half of cancer patients are 
treated with radiation therapy. Despite its 
high therapeutic index, radiation therapy 
can cause disabling injuries to normal      
tissues, especially in long-term survivors. 
Thus, one of the great challenges of modern 
radiation therapy is to increase tolerance of 
normal tissue to ionizing radiation in order 
to improve the quality of life of cancer            
survivors and/or enhance local control using 
dose escalation. The physiopathological        
aspects of normal tissue toxicity have been 
widely explored; however, none of these         
descriptive findings has led to the develop-
ment of effective therapeutic strategies (5). 
        Naturally occurring antioxidants may 
provide an extended window of protection 
against low-dose, low-dose-rate irradiation, 
including therapeutic potential when       
administered after irradiation. A number of 
phytochemicals, including caffeine,          
genistein and melatonin, have multiple 
physiological effects, as well as antioxidant 
activity, which result in radioprotection in 
vivo  (6). 
        In this context Grewia asiatica (Phalsa) 
cultivated on a commercial scale mainly in 
the northern and western states of India (7, 

8), is known for its medicinal properties (9). 
Grewia asiatica contains anthocyanin type 
cyanidin 3- glucoside vitamin C, A, miner-
als, carotenes and dietary fibers etc (10).    
Earlier studies in laboratory showed that 
supplementation of Grewia asiatica fruit 
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extract (GAE) can ameliorate radiation     
induced depletion in GSH and protein level 
and can inhibit the radiation induced lipid 
peroxidation in brain (11), cerebrum (12, 13), 
liver (14, 15), and blood (16), and dose reduction 
factor (DRF) of GAE is 1.53 (17). Sharma and 
Sisodia (18) also showed the radioprotective 
efficacy of GAE in mice testis in terms of 
nucleic acid and antioxidant level. 
         The present study has been under-
taken to assessing the histological evidence 
of radioprotective efficacy of GAE in liver 
along with its efficacy to protect DNA and 
RNA damage in liver of Swiss albino mice. 
 
MATERIALS AND METHODS 
 
Animal care and handling 
        The animal care and handling was 
done according to the guidelines set by 
World Health Organization, Geneva, Swit-
zerland and INSA (Indian National Science 
Academy, New Delhi, India). The Depart-
mental Animal Ethical Committee (DAEC) 
approved this study. Swiss albino mice (6–8 
weeks) old weighing 23±2 gm from an        
inbred colony was used for the present 
study. These animals were maintained           
under controlled conditions of temperature 
and light (Light: dark, 10 hrs: 14 hrs.). Four 
animals were housed in a polypropylene 
cage containing sterile paddy husk 
(procured locally) as bedding throughout the 
experiment. They were provided standard 
mice feed (procured from Hindustan Levers 
Ltd., India) and water ad libitum.  
 
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 48 hours (4×12) at 
40oC.  The extract thus obtained was          
vacuum evaporated so as to get in powdered 
form. The extract was redissolved in double-
distilled water (DDW) just before the oral 
administration. For the various concentra-
tions, a known amount of GAE was            

K.V. Sharma and R. Sisodia 

76 Iran. J. Radiat. Res., Vol. 8 No. 2, September 2010 

suspended in DDW and 50 µl of GAE             
suspension was given to each mouse by oral 
gavage as given by Ahaskar et al. (17).   
  
Biochemical assay for in vivo radioprotec-
tive efficacy 
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 
box 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. 
 
Dose selection 
        Dose selection of Grewia asiatica was 
carried out on the basis of drug tolerance 
study in our laboratory (17, 19). Various doses 
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 based 
on survivability of mice for further experi-
mentation. 
 
Experimental design 
        Mice selected from an inbred colony 
were divided into 4 groups (30 animals in 
each group). 

1. Control (vehicle treated): Mice of this 
group received only DDW water for 15 days.  

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

3. Irradiated: Mice received DDW 
(volume equal to Grewia asiatica solution) 
for 15 days and were than whole body           
exposed to 5Gy of gamma-radiation.  

4. GAE treated + Irradiated: In this 
group after oral administration of GAE 
(700mg/kg of b.wt. /day)  for 15 consecutive 
days as done in GAE treated group. Mice 
were whole body exposed to single dose of 5 
Gy gamma-radiation one hour after admini-
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stration of last dose of GAE, 
5. Irradiated +GAE treated: In this 

group, after whole body exposure to a single 
dose of 5 Gy gamma-radiation, oral admini-
stration of GAE (700mg/kg of b.wt. /day) 
was made once daily for 15 consecutive days 
one hour after radiation exposure.  
        Six mice from each group were                  
necropsied by cervical dislocation at various 
intervals viz. 1, 3, 7, 15 and 30 days post 
irradiation. Liver was used to estimate  
various changes in biochemical parameters 
viz. DNA, RNA content, qualitative and 
quantitative study of liver histology. 

 
DNA estimation assay  
        DNA was quantified by the method   
described by Ceriotti (20). Liver was dissected 
out and homogenate was prepared in glacial 
distilled water (10 mg/ml). 2 ml homogenate 
was taken in a centrifuge tube and 1 ml    
indole reagent was added in it. Then, 1 ml 
concentrated HCl was added. There after 
chloroform treatment was given. The water 
layer from the organic layer was separated 
out by centrifugation. The intensity of         
yellow colour lift at green filter against 
blank was measured out. The volume of 
DNA from graph was calculated and then 
the quantity of DNA of tissue was calculated 
in µ/mg tissue.  
 
RNA estimation assay 
        RNA was quantified by the method   
described by Ceriotti (21). Liver was dissected 
out and homogenate was prepared in glacial 
distilled water (10 mg/ml). Reaction mixture 
contains 5 ml H homogenate + 5 ml orcinol 
+ 5 ml Isoamyl alcohol. The upper coloured 
layer was separated with the help of vaccu-
lizer and the intensity was measured 
against red filter. The concentration of RNA 
from standard graph was calculated and 
then the amount of RNA of tissue was       
calculated in µ/mg tissue.  
 
Histopathological studies  
 The samples were fixed in 10% neutral 
buffered formalin and were processed for 
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making paraffin blocks and sections 5 µm 
thick were cut. The sections of tissues were 
passed through a graded series of alcohol 
and stained in Eosin and Harris              
Haematoxylin (22). Counting normal,              
binucleate and abnormal cell population 
with respect to   total hepatocytes made 
quantitative studies. These cells were 
counted by using a planimeter at high      
magnification (400x). 
 
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 < 
0.001, p<0.01and p< 0.05 level. 
 
RESULTS  
 
        Statistically non significant difference 
existed in DNA content between the control 
and only GAE treated mice. Irradiation 
caused continuous decrease in DNA content 
till day 15 p.i. and became 69% in compari-
son to control thereafter DNA content       
increased by 3.5% and became 73.56% at 
day 30 p.i. i.e. 27% deficit still existed from 
control. Pre/post GAE supplementation         
after irradiation protects the radiation         
induced deficit in DNA content specially at 
day 30 where it is approximately 15% and 
19% raised in group IV and V respectively 
compared to group III. The result indicated 
that GAE post treatment shows more             
protection than pre treatment at later            
intervals i.e. 15 and 30 day p.i. Although the 
values of DNA content could not achieve the 
normal levels (figure 1). One-way ANOVA 
comparison between four groups i.e. control, 
IR, GAE + IR and IR + GAE group, at each 
autopsy intervals showed highly significant 
differences in DNA content of liver on day 1 
(F3,20=36.85, p<0), day 3 (F3,20=22.409, p<0), 
da 7 (F3,20=25.165, p<0), day 15 (F3,20=20.253 
p<0) and day 30 (F3,20=14.772, p<0.0000) p.i. 
respectively. 
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        No significant change in RNA was seen 
between GAE treated and control group. 
Whereas radiation significantly (p<0.001) 
produced deficit at all the autopsy intervals 
in comparison to control. GAE pre and post 
treatment provided protection against      
radiation by keeping the values higher than 
irradiated group and at day 30 p.i., statisti-
cally significant (p<0.001) differences were 
seen between irradiated and the experimen-
tal group. One-way ANOVA comparison   
between four groups i.e. control, IR, GAE + 
IR and IR + GAE group, at each autopsy in-
tervals showed highly significant differences 
in RNA content of liver on day 1 
(F3,20=3.791, p<0.265), day 3 (F3,20=9.168, 
p<0.0005), day 7 (F3,20=19.958, p<0), day 15 
(F3,20=18.686, p<0) and day 30  (F3,20=9.138, 
p<0.0005) p.i. respectively. 
        In the present study, the liver photomi-
crograph of irradiated mice showed radiole-
sions in the form of dilated sinusoidal 
spaces, cellular oedema, hydropic degenera-
tion, hyperemia, lymphocytic infiltration, 
degranulated and vacuolated cytoplasm, 
swollen Kupffer’s cells, giant cells and    

multinucleated cells, large number of         
binucleated hepatocytes, enucleated cells 
and necrotic cells along with many pyknotic 
nuclei. Whereas photomicrograph of liver of 
GAE pre and post treated irradiated mice 
showed lesser damage compare to irradiated 
mice. At day 30, in the experimental group 
almost normal hepatic architecture as well 
as mild cytoplasmic vacuolation and some 
pyknotic, shrunken nuclei and binucleated 
cells were evident in photomicrograph. 
        The percentage of normal hepatocytes 
population diminished after irradiation; the 
number decreased significantly and progres-
sively till day 7 p.i. After a depression of 
nearly 36% of normal on day 7, the percent-
age of normal hepatocytes improved till day 
30 and became 81.91% of control level.      
Initial loss of 13%, normal hepatocyte at day 
1 was maintained till day 3 p.i. After day 3 
the number of normal cells further            
decreased on day 7 by approximately 8.5% 
before recovery in group IV. Whereas in 
group V, initial loss of 21% in normal             
hepatocytes at 24 hr was maintained till day 
7, thereafter, recovery was noted as evident 

Figure 1. Graph showing variations in DNA content measured as µg/gm tissue of mice liver in pre and post GAE (methanolic extract 
of Grewia asiatica fruit, 700mg/kg b.wt/day for 15 days) treated- irradiated group and irradiated group in comparison to control 

group and only GAE treated group. Data have been expressed as mean ± SEM. P values of t-test n= non-significant,*<0.05, 
**<0.01, ***<0.005, ****<0.001; a: Control v/s GAE treated, b: Control v/s Irradiated, c: Irradiated vs GAE treated + Irradiated, 

d: Irradiated vs Irradiated + GAE treated. 
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binucleated hepatocytes were increased till 
day 7 p.i. with slight decline on day 3, there-
after it decreased till last autopsy interval, 
but failed to attain the normal value of      
control group. However, population of these 
cells was considerably low (p<0.001) as   
compared to corresponding irradiated group 
at all the autopsy intervals. In IR+GAE 
group, the percentage counts of binucleated 
hepatocytes increased continuously till day 
7 p.i., thereafter it decreased till last         
autopsy interval, but failed to attain the 
control value. The number of cells were     
significantly higher till day 7, there after 
the number significantly (p<0.001) de-
creased till last autopsy interval than there           
corresponding irradiated group (figure 4). 
Only GAE treated group showed significant 
(p<0.005) deficit in percentage counts of     
binucleated hepatocytes. One-way ANOVA 
comparison between four groups i.e. control, 
IR, GAE + IR and IR + GAE group, at each 
autopsy intervals showed highly significant 
differences in binucleated hepatocyte count 
in liver on day 1 (F3,20=85.99, p<0.0001), day 
3 (F3,20=730.5, p<0.0001), day 7 (F3,20=212.6, 

by increase in number of normal cell till last 
autopsy interval studied. Administration of 
GAE prior to irradiation maintained a 
higher percentage of normal hepatocytes in 
comparison to irradiated group as well as 
IR+GAE treated group (figure 2). Supple-
mentation of GAE for 15 days did not induce 
any significant change in percentage of         
normal hepatocytes in only GAE treated 
group. One-way ANOVA comparison         
between four groups i.e. control, IR, GAE + 
IR and IR + GAE group, at each autopsy  
intervals showed highly significant                  
differences in normal hepatocyte count in 
liver on day 1 (F3,20=610.9, p<0.0001), day 3 
(F3,20=641.6, p<0.0001), day 7 (F3,20=789.8, 
p<0.0001), day 15 (F3,20=419.0, p<0.0001) 
and day 30  (F3,20=239.3, p<0.0001) p.i.          
respectively. 
        Irradiation caused biphasic increase in 
percentage of binucleate hepatocytes in our 
study. First peak was noted at day 1         
followed by decrease at day 3 p.i. Second 
peak was noted on day 7, which continued 
upto the last interval studied (figure 3). In 
GAE+IR group, the percentage counts of  

Figure 2. Graph showing variations in RNA content measured as µg/gm tissue of mice liver in pre and post GAE (methanolic extract 
of Grewia asiatica fruit, 700mg/kg b.wt/day for 15 days) treated- irradiated group and irradiated group in comparison to control 

group and only GAE treated group. Data have been expressed as mean ± SEM. P values of t-test n= non-significant,*<0.05, 
**<0.01, ***<0.005, ****<0.001; a: Control v/s GAE treated, b: Control v/s Irradiated, c: Irradiated vs GAE treated + Irradiated, 

d: Irradiated vs Irradiated + GAE treated. 
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p<0.0001), day 15 (F3,20=562.4, p<0.0001) 
and day 30 (F3,20=815.6, p<0.0001) p.i.              
respectively. 

        Statistically significant (p<0.001) in-
creased in abnormal cells was noted at all 
autopsy intervals in group III. The initial 

Figure 4. Graph showing variations in Binucleated hepatocytes count (%) of mice liver in pre and post GAE (methanolic extract of 
Grewia asiatica fruit, 700mg/kg b.wt/day for 15 days) treated- irradiated group and irradiated group in comparison to control group 

and only GAE treated group. Data have been expressed as mean ± SEM. P values of t-test n= non-significant,*<0.05, **<0.01, 
***<0.005, ****<0.001; a: Control v/s GAE treated, b: Control v/s Irradiated, c: Irradiated vs GAE treated + Irradiated, d: Irradi-

ated vs Irradiated + GAE treated. 

Figure 3. Graph showing variations in Normal hepatocyte count (%) of mice liver in pre and post GAE (methanolic extract of Grewia 
asiatica fruit, 700mg/kg b.wt/day for 15 days) treated- irradiated group and irradiated group in comparison to control group and 

only GAE treated group. Data have been expressed as mean ± SEM. P values of t-test n= non-significant,*<0.05, **<0.01, 
***<0.005, ****<0.001; a: Control v/s GAE treated, b: Control v/s Irradiated, c: Irradiated vs GAE treated + Irradiated, d: Irradi-

ated vs Irradiated + GAE treated. 
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DISCUSSION 
 
        In the present study, photomicrograph 
showed that irradiation caused radiolesions 
in various form in liver. Several workers 
have reported similar histopathological     
lesions in liver after internal or external   
radiation treatment (23). This also supported 
by change in the different hepatocytes count 
as well as DNA and RNA content in liver. 
Mansour et al. (24) also reported that liver of 
rat treated with 6 Gy γ-radiations displayed 
fragmentation of the hepatic cells in addi-
tion to the presence many of the hepatocytes 
manifested pyknotic nuclei and also many of 
aggregated inflammatory cells were         
detected. Radiolesions in the form of vacuo-
lation in cytoplasm, dislocation of nuclei, 
enucleated cells, pyknotic nuclei, hyperae-
mia, haemorrhage and lymphocytic infiltra-
tion have been described following internal 
irradiation and external irradiation (25).     
Disturbed cellular metabolism related to 
protein fat and enzymes might be responsi-
ble to produce cloudy swelling, degeneration 

increase in abnormal cell count continued 
upto 7 day p.i., where the increase was     
approximately 18 times than the control cell 
count. Thereafter abnormal hepatocytes 
count started to decrease and at day30, ab-
normal cell count was still 5.5 times higher 
than control level. Supplementation of GAE 
(prior/post) drastically reduced the number 
of abnormal cells. In the GAE+IR group, the 
percentage of abnormal hepatocytes count 
was considerably less (approximately 50%) 
as compared to corresponding control level 
at each autopsy interval (figure 5). Only 
GAE treated group showed significant 
(p<0.05) decreased in percentage counts of 
abnormal hepatocytes. One-way ANOVA 
comparison between four groups i.e. control, 
IR, GAE + IR and IR + GAE group, at each 
autopsy intervals showed highly significant 
differences in abnormal hepatocyte count in 
liver on day 1 (F3,20=1235.0, p<0.0001), day 
3 (F3,20=531.8, p<0.0001), day 7 (F3,20=661.7, 
p<0.0001), day 15 (F3,20=2027.0, p<0.0001) 
and day 30  (F3,20=481.3, p<0.0001) p.i.      
respectively. 
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Figure 5. Graph showing variations in Abnormal hepatocyte count (%) of mice liver in pre and post GAE (methanolic extract of Grewia 
asiatica fruit, 700mg/kg b.wt/day for 15 days) treated- irradiated group and irradiated group in comparison to control group and 

only GAE treated group. Data have been expressed as mean ± SEM. P values of t-test n= non-significant,*<0.05, **<0.01, 
***<0.005, ****<0.001; a: Control v/s GAE treated, b: Control v/s Irradiated, c: Irradiated vs GAE treated + Irradiated, d: Irradi-

ated vs Irradiated + GAE treated. 
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with small and large vacuoles in hepato-
cytes after irradiation in present study. 
Roudkenar et al. (26) also showed a slight    
increase in the number and size of Kupffer’s 
cell and dilation of sinusoids in comparison 
to non-irradiated control mice. 
        The histopathological observation      
revealed that the reason for an early        
increase of the binucleate cells before         
degeneration is due to the fusion of liver 
cells. Observation on the third day post-
treatment exhibit that radiation caused the 
death and removal of binucleate cells which 
resulted in the depletion of such cells and 
some of these even form mononucleate giant 
cells. The second elevation in binucleated 
cells in irradiated group caused during the 
recovery period may be due to the failure of 
complete telophase separation of the post-
mitotic cell or inhibition of cell division by 
radiation or lead induced G2 block. Gajawat 
and Goyal (27) also observed a biphasic       
pattern of radiation induced binucleated cell 
elevation in the mouse liver after gamma 
irradiation. 
        The histopathological alterations       
exhibited a correlation with the number of 
abnormal cells in the present study. The   
elevation in their number is associated with 
an increase in radiation induced lesions and 
these cells declined during the recovery 
phase. Similar observations were made by 
others (28), who suggested that the percent-
age of dead and abnormal cells serve as good 
indicators of teratogenic sensitivity of liver 
cells. 
        Maharwal et al. (29) found increased in 
percentage of binucleated and abnormal cell 
in mice liver by whole body exposure with 6, 
8 and 10 Gy of gamma radiation at various 
post irradiation interval between 1 -30 days, 
they also found that the increase in the    
percentage of these hepatocytes was           
radiation dose-dependent in the irradiated 
mice. Similarly Sharma and Sharma (23) 
found that number of binucleated cells and 
abnormal hepatocytes increased in mice 
liver after irradiation. 

        Binucleate and multinucleate giant 
cells might also be formed as a result of the 
failure of cell separation after completion of 
mitosis, or due to fusion of cells (23). Accord-
ing to Gupta and Uma Devi (30) giant cell 
formation is an irreversible phenomenon 
and it seems to be step before degeneration 
and cell death. 
        In present study, Nuclear changes     
appeared on day 7 (pyknosis, condensation 
of chromatin) which are considered as sign 
of "early necrosis". The number of pyknotic 
cells increased on day 7. The peroxidation of 
lipid portion of the membranes which was 
found to be elevated on day 7 (14, 15) appears 
to be responsible for pyknosis and other 
structural and functional changes in liver. 
        Among the cellular constituents, DNA 
is particularly sensitive to OH* radical-
induced damage, which generates both DNA 
strand breakage and base hydroxylations 
resulting in generation of genetic alterations 
such as mutations or rearrangements (31). A 
highly significant (P < 0.001) decrease in 
liver DNA and RNA contents was observed 
in gamma-irradiation (6.0 Gy) compared 
with that of the normal rat group without 
irradiated (32).  
        Reduced DNA and RNA noticed post-
irradiation in present study also, which may 
be due to acute cell death leading to loss of 
DNA in excess than is normally eliminated 
from the tissue. The prolonged interphase or 
delayed onset of DNA synthesis after        
irradiation also could lead to decreased    
content of DNA. Egana et al. (33) corrobo-
rated present finding that 60Co gamma    
irradiation had more negative effect in 
DNA, RNA and protein function of liver. 
Studies (34, 35) show that anthocyanins can 
protect the DNA damage via protecting 
DNA from oxidation. One of possible mecha-
nisms is that the anthocyanin forms the 
copigmentation with DNA, and further     
protects the DNA from the damage (34).    
Galvano et al. (35) also demonstrated that 
diet containing 100 mg/kg cyanidin-3-
glycoside for 12 weeks could protect the 

K.V. Sharma and R. Sisodia 
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dependent manner and in vitro radioprotec-
tive activity in protein carbonyl estimation 
assay suggests that the radioprotective     
potential of GAE may be due to free radical 
scavenging power by the antioxidant           
present in it like anthocyanin Vit. C and 
carotenes. 
        This suggests that Grewia asiatica fruit 
extract (Phalsa) could be a potential         
candidate for screening as a radioprotector 
for clinical applications. 
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Plate 1. Photomicrograph of normal hepatocytes in T.S. of liver 
of control mice (a) as well as in liver of only GAE treated group 

(b) at 400X. 

Plate 2.  Photomicrograph of T.S. of liver at day 7 post irradia-
tion of Irradiated group (a) and Irradiated + GAE treated group 

(c), showing the completely distorted hepatic architecture, 
wider sinusoids, sever cytoplasmic vaculation and pycnotic 

nuclei along with elongated nuclei whereas photomicrograph of 
GAE treated + Irradiated group (b) showed the slightly distorted 

hepatic arrangement, less wider sinusoidal space, lymphatic 
infiltration and binucleated hepatocytes at 400X. 

Plate 3.  Photomicrograph of T.S. of liver at day 30 post irradiation of Irradiated group (a) showing slight recovery with crenated  
nuclei and giant hepatocytes, but photomicrograph of GAE treated + Irradiated group (b) showed the arranged hepatic architecture, 
dissociation of giant hepatocytes with parenchymatous islands whereas photomicrograph of Irradiated + GAE treated group (c), also 

showing the recovery in the hepatocytes architecture at 400X. 
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