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Rectification of radiation-induced damage in
swiss albino mice by aloe vera leaf extracts (AVE)
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Background: From the time immemorial man has
been exposed to ionizing radiation from the
environment in which he lives. Radiation protection
concepts and philosophy have been evolving over the
past several decades. Materials and Methods: The
radioprotective of effect of Aloe vera leaf extract (1000
mg /kg b.wt. orally for 15 consecutive days) has been
studied against 6 Gy of gamma radiation in the
intestine of Swiss albino mice at various post -
irradiation intervals viz. 12 hrs, 24 hrs. and 3, 5, 10,
20 and 30 days. Results: Crypt survival, villus length,
apoptic cells, mitotic figures and goblet cells in
jejunum were studied after irradiation. Irradiaton
produced a significant decrease in crypt survival,
mitotic figures and villus length; whereas goblet and
apoptic cells showed a significant increase from sham
irradiated animals. The major changes were observed
on day 3 after irradiation. AVE pre-treated irradiated
animals resulted in a significant increase in the
number of crypt cells, mitotic figures and villus length;
whereas the counts of apoptic and goblet cells showed
a significant decrease from respective control group at
all the autopsy intervals. Irradiated animals resulted in
the elevation in lipid peroxidation and a reduction in
glutathione acitivity. On contrary, AVE treatment before
irradiation caused a significant depletion in lipid
peroxidation and elevation in glutathione activity.
Conclusion: The present study suggests the possible
radioprotective ability of Aloe vera leaf extract. Iran. J.
Radiat. Res., 2007; 5 (2): 71-78
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INTRODUCTION

The twentieth century has experienced an
increasing use of nuclear energy in medical,
engineering, 1industrial and scientific
research and for generation of electricity.
Such uses have raised the problem of
radiation hazards to living beings. The
deleterious effects of radiation can now be
strategically counterpoised by the use of
many drugs and chemicals. Similar type of
chemical protection against radiation -
induced changes have been also observed

with AET, herbal preparation like Liv.52,
WR-2721, Mentha, Panax Ginseng and
melatonin @6, The use of plants and natural
products may be beneficial in protecting
against the radiation-induced damage, as
they are less toxic or practically non-toxic
than the synthetic compounds at their
optimum protective doses.

Herbal medicine is still the mainstay of
about 75-80% of the world population, mainly
in the developing countries, for primary
health care because of better cultural
acceptability, better compatibility with the
human body and lesser side effects

One such popularly known and used plant
is Aloe vera barbadensis belonging to family
Liliacae and consists of about more than 250
species. It is commonly called "Guar -patha"
or Ghee-Kuar. It is rich in vitamin A, E, C
and Zinc and Selenium @9, It is reported to
have antioxidant, anti-tumor and anti-
inflammatory activities .The intestine is one
of the most rapidly renewing tissues in the
body and hence it responds rapidly to injury.
The damage to the gut is of particular
primarily concern in cytotoxic therapies
involving radiation exposure or chemical
agents and in accidental cases of radiation
release (e.g. Chernobyl). The small intestine
represents one of the major dose normal
limiting tissues in radiotherapy because of its
high sensitivity to radiation.

The present investigation has been made
to assess the radioprotective efficacy of Aloe
vera leaf extract in the intestine of Swiss
albino mice.
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MATERIALS AND METHODS

Animal care and handling

The animal care and handling was done
according to the guidelines set by World
Health Organization, Geneva, Switzerland
and INSA (Indian National Science Academy,
New Delhi, India). The departmental animal
ethical committee approved this study. Swiss
albino mice (Mus musculus), 6-8 weeks old
with body weight of 24 + 2 gm, from an inbred
colony were used for the present study. These
animals were maintained under controlled
conditions of temperature and light (light:
dark, 10hrs:14 hrs.). Four animals were
housed in a polypropylene a 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. Tetracycline water once a
fortnight was given as preventive measures
against infections.

Irradiation: mice were irradiated by 60Co
source in the cobalt teletherapy unit (ATC-
C9) at radiation oncology department, Sawai
Man Singh Medical College and Hospital,
Jaipur, India. The mice wee kept in
ventilated box with a distance of 77.5 cm
from the source to deliver a dose rate of 0.99
Gy min1,

Plant material: Aloe leaves were collected
locally during the whole year. The Aloe vera
plant was identified by the curator at the
Herbarium of Botany, University of
Rajasthan, and Jaipur, India. (RUBL
Number19886)

AV Extract: To prepare aqueous extract,
fresh shade dried leaves of Aloe vera
powdered and refluxed with double distilled
water (DDW) for 36 hours at 40 °c and
vaccum evaporated so as to get in powder
form. The powder of extract was redissolved
in DDW just before oral administration.

Experimental design: Mice were randomly
divided into following groups (five per Group
per interval:

Group I: Normal / sham-irradiated mice
were given distilled water (DDW) through
oral gavage once in a day for 15 consecutive
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days.

Group II: Mice were treated with 1000
mg/kg body weight of AV dried extract
dissolved in distilled water through oral
gavage for 15 consecutive days.

Group III: Mice were given distilled water
for 15 days and then exposed to 6 Gy dose of
gamma radiation. This group served as
positive control.

Group IV: Extract of Aloe vera was given
1000 mg/ kg body weight of mouse orally for
15 days and after 30 min. of last dose; they
were exposed to 6 Gy dose of gamma
radiation. Following various treatments,
mice were autopsied by cervical dislocation
on days 12 hrs, 24 hrs, 3, 5, 10, 20 and 30
days. Intestine were surgically removed and
fixed in Bouin's fluid. The tissue was
embedded in paraffin block after dehydrating
with increasing concentrations of 70, 90 and
100% ethanol. Five micrometer sections were
cut using hand microtome, were placed on
glass slide and were stained with Harris
hematoxyline and FEosin. Stained tissue
sections were observed under light
microscope to determine histopathological
changes.

Biochemical parameters

Glutathione (GSH) Assay: GSH in tissue
and blood was measured using the method
described by Moron et al. 10,

Lipid peroxidation (LPO) Assay: LPO
levels in tissue and blood were estimated by
the method of Ohkawa et al. as thiobarbituric
acid (TBA) reactive substances (b,

RESULTS

General

Animals of 6 Gy irradiation resulted in
radiation sickness within 10 days after
exposure. The symptoms included reduction
in food and water intake, diarrohea, lethargy,
emaciation, epilation and ruffling of hairs.
Daily administration of the AVE for 15
consecutive days did not cause any radiation-
induced mortality. AVE administration
delayed the appearance and radiation
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Figure 1. Variations in number of crypt cells/crypt in Swiss albino mice after exposure to 6 Gy gamma radiation with
(Experimental) or without (Control) Aloe vera leaf extract (AVE). Significance level; Normal vs. Control, Control vs.
Experimental
ap < 0.05, bp < 0.005, °p < 0.001
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Figure 2. Variations in villus length (um) in Swiss albino mice after exposure to 6 Gy gamma radiation with
(Experimental) or without (Control) Aloe vera leaf extract (AVE).Significance level; Normal vs. Control, Control vs.
Experimental
ap < 0.05, bp < 0.005, °p < 0.001
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Figure 3. Variations in mitotic figures/crypt in Swiss albino mice after exposure to 6 Gy gamma radiation with
(Experimental) or without (Control) Aloe vera leaf extract (AVE). Significance level; Normal vs. Control, Control vs.
Experimental
ap < 0.05, Pp < 0.005, ¢p < 0.001
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sickness like reduction 1in diarrohea,
irritability, lethargy and food and water
intake.

Intestinal parameters

Crypt cells/ crypt section

On 3d day maximum decrease was
observed in the number of crypt cells in both
control and experimental groups. Day 5tk
onwards, there was an increase in the
number of cells in the animals of both the
groups. In control, these cells could not attain
the normal value even till the last autopsy
interval; whereas in experimental, the
number of crypt cells were found within
normal range (figure 1).

Villus length

The maximum reduction in the wvillus
height was recorded on day 3rd in both control
and experimental groups. At later intervals,
mucosa exhibited the sign of recovery that
was observed in the form of an increase in
height of wvilli in these groups. In
experimental group, recovery from lesions
was faster and almost a normal length was
measured on day 20t with a significant
difference to control (figure 2).

Mitotic figures/ Crypt section

The frequency of such figure was reduced
to nearly half in comparison to normal on 24
hrs. Post-irradiation. The maximum decrease
was evident on day 3 post-treatment in both
control and experimental groups. It was
followed by an increase in number on day 5th

with a continuous elevation till the end of the
experimental, but in control it could not
reach the mnormal level; whereas in
experimental, these figures were counted
almost normal (figure 3) .

Apoptotic cells/ crypt section

The maximum number of dead cells was
noticed on day 3rd after irradiation in both
control and experimental groups, but
afterwards the number of these cells
decreased progressively with the advent of
post-irradiation time (figure 4).

Goblet cells | villus section

A significant increase in the number of
goblet cells was observed in both the groups
on day 1. From day 34, these cells started to
decrease till the last autopsy interval. the
number of goblet cells was found to be still
higher and did not reach normal level even on
20th day in control animals; whereas in the
experimental, these cells were scored almost
normal (figure 5).

Biochemical determinants

Lipid peroxidation (LPx) and Glutathione
(GSH) Estimations: No significant alteration
in the intestinal, hepatic and blood GSH
contents were observed between normal and
AVE treated animals. However, a statistically
significant (p<0.001) decrease in GSH was
evident in control animals. Experimental
animals showed a significant increase in
GSH content (blood, liver &intestine) with
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Figure 4. Variations in apoptotic cells/crypt in Swiss albino mice after exposure to 6 Gy gamma radiation with
(Experimental) or without (Control) Aloe vera leaf extract (AVE). Significance level; Normal vs. Control, Control vs.
Experimental
ap < 0.05, Pp < 0.005, ¢p < 0.001
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Figure 5. Variations in number of goblet cells / villus in Swiss albino mice after exposure to 6 Gy gamma radiation
with (Experimental) or without (Control) Aloe vera leaf extract (AVE). Significance level; Normal vs. Control, Control vs.
Experimental
ap < 0.05, Pp < 0.005, ¢p < 0.001

respect to control but the values remained gamma radiation increased LPx in group III
below normal (figure 6). Administration of while the same was significantly reduced in
AVE alone before irradiation did not alter the  the AVE + irradiation group (figure 7).
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Figure 6. Glutathione (GSH) level in Swiss albino mice after exposure to 6 Gy gamma radiation in the presence
(Experimental) or absence (Control) of Aloe vera leaf extract (AVE). Significance level; Normal vs. Control, Control vs.
Experimental
ap < 0.05, Pp < 0.005, °p < 0.001
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Figure 7. Lipid peroxidation (LPO) level in Swiss albino mice after exposure to 6 Gy gamma radiation in the presence
(Experimental) or absence (Control) of Aloe vera leaf extract (AVE). Significance level; Normal vs. Control, Control vs.
Experimental
ap < 0.05, Pp < 0.005, ¢p < 0.001
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DISCUSSION

In the present study, after exposure to 6 Gy
gamma radiations to animals resulted in
radiation sickness within 3-5 days after
exposure. The symptoms included reduction
in the food and water intake, weight loss,
diarrohea, ruffling of hairs and irritability. The
similar symptoms have been observed in mice
after gamma irradiation by others also (12 13,

The gastro-intestinal tract is a cell renewal
system and consisting of cells with different
radiosensitivity. According to Withers and
Elkind, crypt cells are more sensitive than
villus epithelial cells as indicated by the
presence of more severe radiopathological
lesions in crypts than those of villi at early
intervals and this difference can be explained
with the help of the law of Bergonie and
Tribondeau (4. 15, Reduction in villus villus
height and crypt cell population, suppression
of mitosis and increase in number of goblet
and dead cells were the major pathological
changes after exposure to 6 Gy of gamma
rays in the intestinal mucosa in this study.

In the present study, the maximum
decrease in the number of crypt cells was
noticed on day 3 in the animals of control
group after exposure to 6 Gy of gamma
radiation. This is good accordance with the
earlier studies with the same animal model,
where observed the decreased number of
these cells in crypt region after irradiation 6.
17, This is in concur with earlier studies that
reduction in the total cell population of the
crypt is due to an early and marked decline in
DNA synthesis in the crypt cells, cell death
and movement of cells upto villus in the
absence of replacement by cellular
proliferation 8. The decline in the number of
crypt cells was due to a sharp diminution of
mitotic activity in the crypts. After exposure
to ionizing radiation, rapidly replicating
crypt transit cells either undergo apoptosis or
cease replication (19,

A decrease in number of mitotic figures and
minimum number of such dividing cells were
recorded on day 3 after irradiation when a
cell is exposed to small dose of radiation
between late or very early prophase and
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mitosis stops or cell reverts to an early
prophase 20,

Tonizing radiation affects the cells in all the
phases but degree to which these are affected is
dependent on the phases (G,, S;, G, or M) in
which they were at the time of irradiation 2122,
Decline in the number of mitotic cells at early
intervals may be attributing to a block of cells
in G, phase of cell cycle and to prolongation of
mitotic process @3, The number of apoptotic
cells /erypt section was found to be increased
at the early intervals after irradiation. These
cells appeared on 24 hours and their number
reached to maximum on day 3rd. After this,
there was a gradual decrease but it could not
restore to normal level until the last autopsy
interval.

The high radiosensitivity of dividing and
undifferentiated cells might have attributed
the death of cells in crypt region. These
findings are in close agreement of Davik who
suggested that most of the early mitosis
contain cytological injury due to high dose
and might give rise to nonviable degenerative
cell @9,

In the present study, the number of goblet
cells has increased on 24 hours but there
after their number declined continuously up
to last autopsy interval. The elevation in
glycogen content after irradiation may result
in an increase in the number of goblet cells.

Villus height was found to be reduced from
24 hours and maximum reduction was noted
on day 3 after exposure to gamma rays. Loss
of epithelial cells from the villi is the basic
reason of reduction in height. Earlier reports
with same animal model also proved that
Aloe vera is a good radioprotector against
mouse intestinal mucosa after low level (0.5
Gy) exposure to gamma radiation @5,

Administration of AVE, prior exposure to 6
Gy of gamma ray, reduced the severity of
radiation induced various quantitative
changes in the intestinal mucosa. Though,
there was a reduction in crypt -cell
population, mitotic figures, villus height and
increase in number of goblet and dead cells in
the AVE treated irradiated animals but
changes in these parameters were less
pronounced as compared to that of the control
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animals. Both the height and structure of the
villus were less affected in AVE protected
irradiated animals. This could be possible
due to the less mitotic death as well as early
and least migration of cells from protected
crypts to villi before they become denuded.

The number of crypt cells/ crypt section in
experimental animals remained at a higher
level because of low cell death and increased
rate of mitosis as compared to the animals of
their respective control group. The results
are concurs with observations of earlier
studies of Prasanna and Uma Devi @6, The
higher number of mitotic figures in experimental
animals than the control was in accordance
with the studies of Samarth et al. @7,

Glutathione is widely distributed tripetide
and found mainly in the cell cytosol @8, which
plays a crucial role in the detoxification
process (29, There exists an inverse
relationship between GSH content and lipid
peroxidation levels. The present study
demonstrates a significant reduction in liver,
blood and intestine 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 AVE did not
significantly influence the endogenous GSH
level either in liver, blood or intestine but its
presence during radiation exposure protects
the endogenous GSH depletion due to
irradiation. The lower depletion of liver, blood
and intestine GSH in Aloe vera pre-treated
irradiated animals could be due to the high
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 Aloe vera
may be mediated through the modulation of
cellular antioxidants levels.

The elevated levels of lipid peroxidation in
the present investigation are indicative of the
oxidative damage caused by gamma
radiation in intestine. Inhibition of lipid
peroxidation in biomembranes can be caused
by antioxidants (0,30, In the present study, it
was observed that Aloe vera pre-treated

Reduction of radiation-induced damage by aloe vera

irradiated animals exhibited a significant
increase.

CONCLUSION

In previous studies, the miracle Aloe vera
extract was found quietly healing radiation
wounds in intestine effectively as antioxidant
because it is rich in vitamin A (B-carotene), C
and E, glutathione peroxidase (GSHPx),
minerals like Zinc and Selenium. Presence of
B-carotene, vitamin C and E 6234 which goes
to serve as effective antioxidants because it
scavenges free radicals. The phytochemicals
that is responsible for the observed effects of
Aloe vera is far from clear although the
extract contains several amino acids and
vitamins like A, C and E.

There is a need to test these individual
responsible substances distinctly for their
ability to protect radiation -induced
accumulation of free radicals, membrane
damage. Our future goal is to characterize
the relative role of the growth substances and
vitamins in radioprotection.
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