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The radioprotective effect of the Aloe vera leaf extract was studied in Swiss albino mice against
radiation-induced changes in the liver. The mice were treated with 1000 mg/kg of body
weight orally, once a day for 15 consecutive days, before exposure to a single dose of gamma
radiation (6 Gy), half an hour after the last administration. The irradiation of mice caused a
significant elevation in lipid peroxidation followed by a decrease in glutathione, acid
phosphatase and alkaline phosphatase. The treatment of mice before irradiation elevated the
glutathione, acid phosphatase and alkaline phosphatase, and was accompanied by a decline in
lipid peroxidation. Recovery and regeneration from radiation damage were faster in
pretreated animals than the animals in the irradiation-only group. The data clearly indicate
that the Aloe vera leaf extract significantly reduced the deleterious effects of radiation on the
liver and it could be a useful agent in reducing the side effects of therapeutic radiation.
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INTRODUCTION

Gamma radiation is the most commonly used
source of ionizing radiation for the treatment of neo-
plastic disorders in clinical conditions. The clinical
success of radiotherapy depends on its ability to selec-
tively kill tumor cells while sparing the surrounding
normal tissue. The response of mammalian cells to
ionizing radiations at the cellular and molecular levels
is a complex and irreversible process dependent on
both the radiation dose and the tissue-weighting factor
[1].

As is well established, radiation or pro-oxidants
interact with cells and tissues through secondary ioniza-
tion such as peroxidation. It is also known that peroxi-
dation can be inhibited by antioxidants. Recently, the
interest for the development of potential drugs of plant
origin which could quench the reactive energy of free
radicals and eliminate oxygen, one of the major partici-
pants in lipid peroxidation, and at the same time modify
radiation responses (radio protectors/sensitizers) with
minimum side effects is on the increase.

Due to lack of an effective protective agent,
newer compounds are currently under investigation as
possibly adjuvant in the radiation treatment of cancer,
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while herbal medicines have only recently begun to
receive some attention as possible modifiers of the ra-
diation response [2].

Studies carried out in the past 15 years have
shown that herbal preparations such as Liv. 52 [3],
Brahmarasayana [4], Pododphyllum [5], Ocimum
sanctum [6], Triphala [7], Emblica officinalis [8],
Rosemarinus officinalis [9] reduced radiation-induced
damage in various mammal body systems.

One such well-known and widely used plant is
the Aloe vera barbadensis belonging to the family of
Liliacae and consisting of more than 250 species [10,
11]. It is commonly called “Guar-patha” or,
ghee-Guar. It is rich in vitamins A, E, C, zinc, sele-
nium, and polysaccharides. It is reported to have anti-
oxidant, anti-tumor and anti-inflammatory properties
[12, 13]. Our investigation assesses the radio-protec-
tive efficacy of the Aloe vera leaf extract in the hepatic
constituents of Swiss albino mice.

MATERIALS AND METHODS
Test organism
Animal care and handling were performed ac-

cording to the guidelines set by the WHO (World
Health Organization), Geneva (Switzerland) and the
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INSA (Indian National Science Academy), New Delhi
(India). Male Swiss albino mice (Mus musculus), 6-8
weeks old and weighing 20-24 g, from an inbred col-
ony, were used for the present study. These animals
were maintained under controlled conditions of tem-
perature and light (light-dark: 10 h-14 h). They were
provided with standard mouse feed (procured from
Ashirwad Industries Chandigarh, India) and water ad
libitum. Once a fortnight, as a preventive measure
against infections, tetracycline water was given to
them. The Departmental Animal Ethical Committee
has approved the study presented here.

Irradiation

The Cobalt teletherapy unit (ATC-C9) at the Can-
cer Treatment Centre, Radiotherapy Department, SMS
Medical College & Hospital, Jaipur, was used for irradi-
ation. Unanesthetized animals were restrained in
well-ventilated Perspex boxes and exposed to gamma
radiation at the distance (SSD) of 77.5 cm from the
source so as to deliver the dose-rate of 0.99 Gy per min-
ute.

Plant material

Aloe leaves were collected locally over a one
year period. The Aloe vera plant was identified by the
curator at the Herbarium of Botany, University of
Rajasthan, Jaipur, India (RUBL Number: 19886).

AV extract

To prepare the aqueous extract, fresh
shade-dried leaves of Aloe vera were powdered and
refluxed with double distilled water (DDW) for 36
hours (3 x 12 hours) at 40 °C and vacuum evaporated
so as to produce the powder form. The extract was then
dissolved in DDW, immediately before oral adminis-
tration.

EXPERIMENTAL DESIGN
Determination of AVE tolerance

For this experiment, mice were divided into
seven groups of 10 animals each and orally given 100,
200, 400, 800, 1000, 1500, and 2000 mg/animal/day
of'the Aloe vera leaf extract (AVE) in DDW, for fifteen
consecutive days. The animals were then continuously
observed for any signs of sickness, morbidity, body
weight change, mortality or behavioural toxicity up to
30 days after the last treatment.

Selection of the optimal AVE
dose against irridation

The mice were divided into seven groups of ten
animals each and administered with 100, 200, 400,
800, 1000, 1500, and 2000 mg/animal/day of AVE for
fifteen consecutive days, once a day. Thirty minutes
after the last administration, they were exposed, whole
body, to 8 Gy gamma radiation and for the next 30 days
monitored for any signs of radiation sickness, weight
change, mortality or behavioural changes.

Modification of radiation response

Mice were randomly divided into four groups.

Group I (normal/Sham-irradiated): Five mice
were given a volume of DDW equal to AVE through
oral gavage, once a day for 15 consecutive days.

Group II (drug alone): Five mice were treated
with 1000 mg/kg of body weight per day of AVE dis-
solved in DDW through oral gavage for 15 consecu-
tive days.

Group III (irradiated control): Thirty five mice
were given distilled water for 15 days and then ex-
posed to a 6 Gy dose of gamma radiation.

Group IV (experimental): Extract of Aloe vera
was given orally to thirty five mice, at the dose of
1000 mg/kg of body weight per day, for 15 days. Af-
ter 30 minutes of the last administration, these ani-
mals were exposed to 6 Gy dose of gamma radiation.

Following various treatments, five mice from
groups Il and IV were necropsied by cervical disloca-
tion on 12 and 24 hours, as well as 3, 5, 10, 20, and 30
days. A homogenate of the liver was prepared and the
activity of acid and alkaline phosphatase measured by
using commercially available kits (procured from
Span Diagnostics Ltd, India). A spectrophotometer
(Systronix UV-VIS-108) was used to measure optical
densities.

Glutathione (GSH) assay

The GSH level in liver and blood was measured
using the method described by Moron ef al. [14] and
Beutler et al. [15], respectively. Using a Systronix
UV-VIS-108 Spectrophotometer, the absorbance was
read at 412 nm.

Lipid peroxidation (LPx) assay

LPx levels in liver and blood were estimated by the
method of Ohkawa et al. [16] as thiobarbituric acid (TBA)
reactive substances. The absorbance was read at 532 nm
with a Systronix UV-VIS-108 Spectrophotometer.
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Statistical analysis

The statistical significance of the difference be-
tween normal and DDW + irradiated control, as well
as irradiated control and experimental, was evaluated
by using the Student’s t-test.

RESULTS

Radioprotective effect of AVE: Animals of the
6 Gy irradiated group resulted in radiation sickness
within 10 days after exposure. The symptoms induced
reduction in food and water intake, diarrhea, lethargy,
emaciation, epilation, and ruffling of hairs. Daily ad-
ministration of the AVE for 15 consecutive days did
not cause any radiation-induced mortality. AVE ad-
ministration delayed the appearance of radiation sick-
ness symptoms such as diarrhea, irritability, lethargy,
and the reduction in food and water intake.

Acid phosphatase (ACP): A significant increase
in acid phosphatase activity over normal was mea-
sured up to day 5™ after 6 Gy irradiation. On day 5%,
the value was found to be 76.26 % higher as compared
to normal. After this, the level of the enzyme declined,
but remained higher than normal even on the last day
of experimentation (fig. 1).
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Figure 1. Acid phosphatase level in liver after 6 Gy of
gamma-irradiation with (experimental) or without (control)
AVE

Control = DDW + irradiation; experimental = AVE + irradia-
tion, statistical comparison: control vs. normal; experimental vs.
control; significance levels: (a) p < 0.05, (b) p< 0.01,

(c) =p=<0.001

Alkaline phosphatase (ALP): Alkaline phosphatase
values elevated sharply from the very first up to day 5%,
when the value was twice higher than the normal. After
the 5™ day, a declining trend was observed, but the normal
value could not be restored even on the 30" day (fig. 2).

Glutathione (GSH): No significant variations in
hepatic and blood GSH contents were observed in the
normal (Group I) and AVE treated animals (Group II).
However, a statistically significant decrease in GSH
content in both liver and blood was evident in irradiated
control animals (Group III). On the contrary, a signifi-
cant increase in GSH values was measured in AVE

pretreated experimental animals, as compared to the ir-
radiated control group (fig. 3).
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Figure 2. Alkaline phosphatase level in liver after 6 Gy of
gamma-irradiation with (experimental) or without (con-
trol) AVE

Control = DDW + irradiation, experimental = AVE + irradia-
tion; statistical comparison: control vs. normal; experimental
vs. control; significance levels: (a) p < 0.05, (b) p< 0.01,

(c) p<0.001
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Figure 3. Glutathione level in blood and liver after exposure
to 6 Gy of gamma radiation with (experimental) or without
(control) AVE

Control = DDW + irradiation, experimental = AVE + irradia-
tion; statistical comparison: control vs. normal; experimental
vs. control; significance levels: (a) p < 0.05, (b) p< 0.01,

() p<0.001

Lipid peroxidation (LPx): When compared with
the DDW treatment, the administration of AVE did not
alter the LPx level. A significantly increased level of
LPx was measured in both serum and liver of mice af-
ter gamma irradiation (Group III). On the other hand,
AVE pretreatment significantly reduced LPx induc-
tion in the experimental animals (Group IV) (fig. 4).

DISCUSSION

In the present study, after exposure to 6 Gy
gamma radiation, animals exhibited radiation sickness
within 3-5 days after exposure. The symptoms in-
cluded reduction in food and water intake, weight loss,
diarrhea, ruffling of hairs and irritability. Others have
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Figure 4. Variation in the lipid peroxidation (LPx) level af-
ter exposure to 6 Gy gamma radiation with (experimental)
or without (control) AVE

Control = DDW + irradiation; experimental = AVE + irradia-
tion, statistical comparison: control vs. normal; experimental
vs. control; significance levels: (a) p = 0.05, (b) p< 0.01,

(c) p <0.001

also observed similar symptoms in mice after gamma
irradiation [17, 18].

The liver is the primary organ of drug metabo-
lism. It plays a key role of the detoxification agent in
the body. Any damage to this organ may cause serious
diseases observable in the form of histopathological
and biochemical lesions.

An increase in acid phosphatase activity in the
liver of mice due to irradiation was observed in the
study. A similar increase in such enzymes was ob-
served earlier, after the exposure of mice or rats to vari-
ous doses of radiation [19]. Aikman et al. [20] sug-
gested that the lesions are produced in the membrane
lipids due to irradiation, possibly by peroxides, which
lead to the activation of latent acid hydrolases which
could result in the digestion of the membrane itself,
with the consequent activation and release of other
lysosomal enzymes; the same may be responsible for
an increase in ACP levels after irradiation in the pres-
ent study.

It has been observed that, after AVE administra-
tion, a radiation-induced increase in ACP was signifi-
cantly lower. Hamdy et al. [21] observed the protec-
tive properties of acid phosphatase in cases in which
solutions of lysosomal enzymes were exposed to high
doses of radiation containing cysteine and
4-aminoaphthal. Nam [22], too, observed significant
protective properties against the rise of serum acid
phosphatase at 6 and 130 hours, if methylene blue was
injected to rats prior to irradiation with 360 R. Soyal et
al. [23] also found an increase in ACP and ALP activi-
ties in the liver of mice after exposure to gamma radia-
tion.

Arise in ALP activity in the liver after gamma ex-
posure, as evident in our experiment, corresponds quite
closely to the early report of Khan et al. [24]. ACP and
ALP are the enzymes linked to the biosynthesis of fi-
brous proteins [25] and mucopolysaccharides [26]

tion-induced increase in ACP and ALP. A similar in-
crease of said enzymes was observed in mice livers after
exposure to gammarays earlier [28]. Samarth et al. [29]
reported that the activity of ACP increased, but that the
ALP decreased in the blood of mice after gamma-irradi-
ation.

In the present study, increased levels of the en-
zyme were found to be restored in the liver of experi-
mental animals following the administration of vari-
ous plant extracts believed to have protective
properties against irradiation [23, 28]. This is in good
agreement with the studies on the aqueous extract of
Aloe barbadensis, found to be a significant factor in
restoring the integrity of hepatocytes, indicated by an
improvement in physiological parameters such as the
excretory capacity of hepatocytes, as well as by the
stimulation of bile flow secretion [30].

Ionizing radiation induces lipid peroxidation
(LPx) which can lead to DNA damage and cell death
[31, 32]. Therefore, an agent that acts as a protective
shield against such damage should provide protection
against damages resulting from exposure to radiation.
In comparison to the control group, the administration
of AVE before irradiation significantly reduced the
amount of LPx. The inhibition of LPx through the ad-
ministration of AVE may also be responsible for the
observed level of radioprotection. Earlier reports on
the same model of animal experimental groups also
proved that Aloe vera is a good radioprotector against
mouse intestinal mucosa, if low level (0.5 Gy) expo-
sure to gamma radiation is applied [33].

The present study demonstrates a reduction in
hepatic and blood GSH following radiation exposure.
This may be due to the enhanced utilization of the
anti-oxidant system as an attempt to detoxify the free
radicals generated by irradiation. The low-end of the
depletion of GSH in AVE treated irradiated animals
could be due to the high availability of GSH which in-
creases the ability to cope with the free radicals pro-
duced by irradiation. The increased GSH level sug-
gests that protection by Aloe vera may be mediated
through the modulation of cellular antioxidant levels.
The increase in the glutathione (GSH) level in the ex-
perimental group may be due to the scavenging of ra-
diation-induced free radicals by antioxidants present
in AVE.
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It has been reported that LPx starts to increase as
soon as the endogenous GSH is exhausted, and the ad-
dition of GSH promptly stops further peroxidation
[34]. Different fractions of Aloe vera, as well as the
fractionated whole gel, have anti-oxidant effects.
Glutathione peroxidase activity, superoxide dismutase
enzymes and a phenolic anti-oxidant were found to be
present in the AVE extract which may be responsible
for these anti-oxidant effects [35].

Aloe vera is rich in vitamins A, E, and C. Ascor-
bic acid is a good scavenger of free radicals and it pro-
tects cellular membranes, thereby preventing degener-
ative processes. Vitamin C undergoes a synergistic
interaction with tocopheroxyl radicals in the regenera-
tion of a-tocopherol. Vitamin E protects cell mem-
branes from oxidative damage caused by irradiation.
The free radical clearing capacity of vitamin E is due to
the localization of an unpaired electron on its conju-
gated double bond. From results obtained, it can be in-
ferred that AVE positively modulated antioxidant ac-
tivity by quenching and detoxifying the free radicals
induced by irradiation. It is worth emphasizing that
AVE may have a protective role against the side effects
of radiotherapy.

Finally, all of the above said leads us to the con-
clusion that the AVE provides a significant protection
against radiation-induced biochemical alterations in
the liver of mammals.
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IMIpamacnuka F’EXJIOT, Janpay COJAJL, IIpagun K. TOJAJI

CITPEYABABE 3PAYEILEM M3A3BAHOT OHMITEREA JETPE
SWISS ALBINO MUIHIEBA EKCTPAKTOM JIMCTA BU/bKE ALOE VERA

VcnutuBanu Cy paMoONpPOTEKTUBHU YUMHIM €KCTpakTa JucTa Aloe vera Ha 3pavermeM n3a3BaHe
npoMeHe Ha jeTpu Swiss albino mumeBa. MuieBuMa je jeTHOM JHEBHO Y TOKY 15 y3acTOIHUX TaHa OPaTHO
naBano 1000 mg/kg TenecHe Mace eKcTpakTa, Ipe lUXOBOT M3JIarama je[JHOj 1031 rama 3paucwa (6 Gy) koja
je ycmenmia moJia Jaca TIOCHe MOCTEber aluInKoBama eKcTpakTa. O3paunBame MUIIEBA M3a3Ballo je
3HavajaH IOpacT JUMUIHE TIepoKcuase npaheHe cMamemneM IIyTaTHoHa, Kucene docdaTaze n 6a3He
docaraze. [lenoBame E€KCTPAKTOM Ha MHIIEBE NpPe O3pAYUBame MOBHCHIO je TIYTATHOH, KUCEIY
docdarazy u 6a3Hy docdarazy u 6mino je mpaheHO cMamemeM JUNUAHE nepokcupase. OnopaBak u
pereHepanyja ofi 3pauemheM M3a3BaHOr ollTehewma Ouiu cy Op>KU Y *KMBOTHHbA NPETXOJHO TPETUPAHUX
EKCTPAKTOM nicTa Aloe vera Off OHHX KO_]e Cy mpumafajie rpynu o3paveHnx 6e3 MPeTXOfHe 3aliTHTe.
INomauw jacHO yKa3yjy la eKCTpaKT 3HAYajHO yMamyje ITeTHe e(peKTe 3pauctha Ha jeTpy Te Jja Ou MOTrao
OUTH KOPHUCTAH Yy CMaHkhEHhY Y3TPEAHUX NMOCIEAUIIA Y TePANHjU 3paucHhEeM.

Kmwyune peuu: Aloe vera, jeitipa, Zama 3pauerse, Swiss albino muuu



