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The radioprotective ef fect of the Aloe vera leaf ex tract was stud ied in Swiss al bino mice against
ra di a tion-in duced changes in the liver. The mice were treated with 1000 mg/kg of body
weight orally, once a day for 15 con sec u tive days, be fore ex po sure to a sin gle dose of gamma
ra di a tion (6 Gy), half an hour af ter the last ad min is tra tion. The ir ra di a tion of mice caused a
sig nif i cant el e va tion in lipid peroxidation fol lowed by a de crease in glutathione, acid
phosphatase and al ka line phosphatase. The treat ment of mice be fore ir ra di a tion el e vated the
glutathione, acid phosphatase and al ka line phosphatase, and was ac com pa nied by a de cline in
lipid peroxidation. Re cov ery and re gen er a tion from ra di a tion dam age were faster in
pretreated an i mals than the an i mals in the ir ra di a tion-only group. The data clearly in di cate
that the Aloe vera leaf ex tract sig nif i cantly re duced the del e te ri ous ef fects of ra di a tion on the
liver and it could be a use ful agent in re duc ing the side ef fects of ther a peu tic ra di a tion.
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IN TRO DUC TION

Gamma ra di a tion is the most com monly used
source of ion iz ing ra di a tion for the treat ment of neo -
plas tic dis or ders in clin i cal con di tions. The clin i cal
suc cess of ra dio ther apy de pends on its abil ity to se lec -
tively kill tu mor cells while spar ing the sur round ing
nor mal tis sue. The re sponse of mam ma lian cells to
ion iz ing ra di a tions at the cel lu lar and mo lec u lar lev els
is a com plex and ir re vers ible pro cess de pend ent on
both the ra di a tion dose and the tis sue-weight ing fac tor
[1].

As is well es tab lished, ra di a tion or pro-ox i dants
in ter act with cells and tis sues through sec ond ary ion iza -
tion such as peroxidation. It is also known that perox i -
da tion can be in hib ited by an ti ox i dants. Re cently, the
in ter est for the de vel op ment of po ten tial drugs of plant
or i gin which could quench the re ac tive en ergy of free
rad i cals and elim i nate ox y gen, one of the ma jor par tic i -
pants in lipid peroxidation, and at the same time mod ify
ra di a tion re sponses (ra dio pro tec tors/sensitizers) with
min i mum side ef fects is on the in crease.

Due to lack of an ef fec tive pro tec tive agent,
newer com pounds are cur rently un der in ves ti ga tion as
pos si bly adjuvant in the ra di a tion treat ment of can cer,

while herbal med i cines have only re cently be gun to
re ceive some at ten tion as pos si ble mod i fi ers of the ra -
di a tion re sponse [2].

Stud ies car ried out in the past 15 years have
shown that herbal prep a ra tions such as Liv. 52 [3],
Brahmarasayana [4], Pododphyllum [5], Ocimum
sanc tum [6], Triphala [7], Emblica officinalis [8],
Rosemarinus officinalis [9] re duced ra di a tion-in duced 
dam age in var i ous mam mal body sys tems.

One such well-known and widely used plant is
the Aloe vera barbadensis be long ing to the fam ily of
Liliacae and con sist ing of more than 250 spe cies [10,
11]. It is com monly called “Guar-patha” or,
ghee-Guar. It is rich in vi ta mins A, E, C, zinc, se le -
nium, and poly sac cha rides. It is re ported to have an ti -
ox i dant, anti-tu mor and anti-in flam ma tory prop er ties
[12, 13]. Our in ves ti ga tion as sesses the ra dio-pro tec -
tive ef fi cacy of the Aloe vera leaf ex tract in the hepatic
con stit u ents of Swiss al bino mice.

MA TE RI ALS AND METH ODS

Test or gan ism

An i mal care and han dling were per formed ac -
cord ing to the guide lines set by the WHO (World
Health Or ga ni za tion), Geneva (Swit zer land) and the
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INSA (In dian Na tional Sci ence Acad emy), New Delhi 
(In dia). Male Swiss al bino mice (Mus musculus), 6-8
weeks old and weigh ing 20-24 g, from an in bred col -
ony, were used for the pres ent study. These an i mals
were main tained un der con trolled con di tions of tem -
per a ture and light (light-dark: 10 h-14 h). They were
pro vided with stan dard mouse feed (pro cured from
Ashirwad In dus tries Chandigarh, In dia) and wa ter ad
li bi tum. Once a fort night, as a pre ven tive mea sure
against in fec tions, tet ra cy cline wa ter was given to
them. The De part men tal An i mal Eth i cal Com mit tee
has ap proved the study pre sented here.

Ir ra di a tion

The Co balt teletherapy unit (ATC-C9) at the Can -
cer Treat ment Cen tre, Ra dio ther apy De part ment, SMS
Med i cal Col lege & Hos pi tal, Jaipur, was used for ir ra di -
a tion. Unanesthetized an i mals were re strained in
well-ven ti lated Perspex boxes and ex posed to gamma
ra di a tion at the dis tance (SSD) of 77.5 cm from the
source so as to de liver the dose-rate of 0.99 Gy per min -
ute.

Plant ma te rial

Aloe leaves were col lected lo cally over a one
year pe riod. The Aloe vera plant was iden ti fied by the
cu ra tor at the Her bar ium of Bot any, Uni ver sity of
Rajasthan, Jaipur, In dia (RUBL Num ber: 19886).

AV ex tract

To pre pare the aque ous ex tract, fresh
shade-dried leaves of Aloe vera were pow dered and
refluxed with dou ble dis tilled wa ter (DDW) for 36
hours (3 ´ 12 hours) at 40 °C and vac uum evap o rated
so as to pro duce the pow der form. The ex tract was then 
dis solved in DDW, im me di ately be fore oral ad min is -
tra tion.

EX PER I MEN TAL DE SIGN

De ter mi na tion of AVE tol er ance

For this ex per i ment, mice were di vided into
seven groups of 10 an i mals each and orally given 100,
200, 400, 800, 1000, 1500, and 2000 mg/an i mal/day
of the Aloe vera leaf ex tract (AVE) in DDW, for fif teen
con sec u tive days. The an i mals were then con tin u ously 
ob served for any signs of sick ness, mor bid ity, body
weight change, mor tal ity or be hav ioural tox ic ity up to
30 days af ter the last treat ment.

Se lec tion of the op ti mal AVE
dose against irridation

The mice were di vided into seven groups of ten
an i mals each and ad min is tered with 100, 200, 400,
800, 1000, 1500, and 2000 mg/an i mal/day of AVE for
fif teen con sec u tive days, once a day. Thirty min utes
af ter the last ad min is tra tion, they were ex posed, whole 
body, to 8 Gy gamma ra di a tion and for the next 30 days 
mon i tored for any signs of ra di a tion sick ness, weight
change, mor tal ity or be hav ioural changes.

Mod i fi ca tion of ra di a tion re sponse

Mice were ran domly di vided into four groups.
Group I (nor mal/Sham-ir ra di ated): Five mice

were given a vol ume of DDW equal to AVE through
oral ga vage, once a day for 15 con sec u tive 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 ga vage for 15 con sec u -
tive days.

Group III (ir ra di ated con trol): Thirty five mice
were given dis tilled wa ter for 15 days and then ex -
posed to a 6 Gy dose of gamma ra di a tion.

Group IV (ex per i men tal):  Ex tract 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 min utes of the last ad min is tra tion, these an i -
mals were ex posed to 6 Gy dose of gamma ra di a tion.

Fol low ing var i ous treat ments, five mice from
groups III and IV were necropsied by cer vi cal dis lo ca -
tion on 12 and 24 hours, as well as 3, 5, 10, 20, and 30
days. A ho mog e nate of the liver was pre pared and the
ac tiv ity of acid and al ka line phosphatase mea sured by
us ing com mer cially avail able kits (pro cured from
Span Di ag nos tics Ltd, In dia). A spectrophotometer
(Systronix UV-VIS-108) was used to mea sure op ti cal
den si ties.

Glutathione (GSH) assay

The GSH level in liver and blood was mea sured
us ing the method de scribed by Mo ron et al. [14] and
Beutler et al. [15], re spec tively. Us ing a Systronix
UV-VIS-108 Spectrophotometer, the absorbance was
read at 412 nm.

 Lipid peroxidation (LPx) as say

LPx lev els in liver and blood were es ti mated by the
method of Ohkawa et al. [16] as thiobarbituric acid (TBA)
re ac tive sub stances. The absorbance was read at 532 nm
with a Systronix UV-VIS-108 Spectrophotometer.
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Sta tis ti cal anal y sis

The sta tis ti cal sig nif i cance of the dif fer ence be -
tween nor mal and DDW + ir ra di ated con trol, as well
as ir ra di ated con trol and ex per i men tal, was eval u ated
by us ing the Stu dent’s t-test.

RE SULTS

Radioprotective  ef fect  of   AVE:  An i mals of the
6 Gy ir ra di ated group re sulted in ra di a tion sick ness
within 10 days af ter ex po sure. The symp toms in duced
re duc tion in food and wa ter in take, di ar rhea, leth argy,
ema ci a tion, epilation, and ruf fling of hairs. Daily ad -
min is tra tion of the AVE for 15 con sec u tive days did
not cause any ra di a tion-in duced mor tal ity. AVE ad -
min is tra tion de layed the ap pear ance of ra di a tion sick -
ness symp toms such as di ar rhea, ir ri ta bil ity, leth argy,
and the re duc tion in food and wa ter in take.

Acid phosphatase (ACP): A sig nif i cant in crease
in acid phosphatase ac tiv ity over nor mal was mea -
sured up to day 5th af ter 6 Gy ir ra di a tion. On day 5th,
the value was found to be 76.26 % higher as com pared
to nor mal. Af ter this, the level of the en zyme de clined,
but re mained higher than nor mal even on the last day
of ex per i men ta tion (fig. 1).

Al ka line phosphatase (ALP): Al ka line phosphatase
val ues el e vated sharply from the very first up to day 5th,
when the value was twice higher than the nor mal. Af ter
the 5th day, a de clin ing trend was ob served, but the nor mal
value could not be re stored even on the 30th day (fig. 2).

Glutathione (GSH): No sig nif i cant vari a tions in
hepatic and blood GSH con tents were ob served in the
nor mal (Group I) and AVE treated an i mals (Group II).
How ever, a sta tis ti cally sig nif i cant de crease in GSH
con tent in both liver and blood was ev i dent in ir ra di ated
con trol an i mals (Group III). On the con trary, a sig nif i -
cant in crease in GSH val ues was mea sured in AVE

pretreated ex per i men tal an i mals, as com pared to the ir -
ra di ated con trol group (fig. 3).

Lipid peroxidation (LPx): When com pared with
the DDW treat ment, the ad min is tra tion of AVE did not 
al ter the LPx level. A sig nif i cantly in creased level of
LPx was mea sured in both se rum and liver of mice af -
ter gamma ir ra di a tion (Group III). On the other hand,
AVE pre treat ment sig nif i cantly re duced LPx in duc -
tion in the ex per i men tal an i mals (Group IV) (fig. 4).

DIS CUS SION

In the pres ent study, af ter ex po sure to 6 Gy
gamma ra di a tion, an i mals ex hib ited ra di a tion sick ness 
within 3-5 days af ter ex po sure. The symp toms in -
cluded re duc tion in food and wa ter in take, weight loss, 
di ar rhea, ruf fling of hairs and ir ri ta bil ity. Oth ers have
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Fig ure 1. Acid phosphatase level in liver af ter 6 Gy of
gamma-ir ra di a tion with (ex per i men tal) or with out (con trol)
AVE
Con trol = DDW + ir ra di a tion; ex per i men tal = AVE + ir ra di a -
tion; sta tis ti cal com par i son: con trol vs. nor mal; ex per i men tal vs. 
con trol; sig nif i cance lev els: (a) p £ 0.05, (b) p £ 0.01,
(c) = p £ 0.001

Fig ure 2. Al ka line phosphatase level in liver af ter 6 Gy of
gamma-ir ra di a tion with (ex per i men tal) or with out (con -
trol) AVE
Con trol = DDW + ir ra di a tion; ex per i men tal = AVE + ir ra di a -
tion; sta tis ti cal com par i son: con trol vs. nor mal; ex per i men tal
vs. con trol; sig nif i cance lev els: (a) p £ 0.05, (b) p £ 0.01,
(c) p £ 0.001

Fig ure 3. Glutathione level in blood and liver af ter ex po sure 
to 6 Gy of gamma ra di a tion with (ex per i men tal) or with out
(con trol) AVE
Con trol = DDW + ir ra di a tion; ex per i men tal = AVE + ir ra di a -
tion; sta tis ti cal com par i son: con trol vs. nor mal; ex per i men tal
vs. con trol; sig nif i cance lev els: (a) p £ 0.05, (b) p £ 0.01,
(c) p £ 0.001



also ob served sim i lar symp toms in mice af ter gamma
ir ra di a tion [17, 18].

The liver is the pri mary or gan of drug me tab o -
lism. It plays a key role of the de tox i fi ca tion agent in
the body. Any dam age to this or gan may cause se ri ous
dis eases ob serv able in the form of histopathological
and bio chem i cal le sions.

An in crease in acid phosphatase ac tiv ity in the
liver of mice due to ir ra di a tion was ob served in the
study. A sim i lar in crease in such en zymes was ob -
served ear lier, af ter the ex po sure of mice or rats to var i -
ous doses of ra di a tion [19]. Aikman  et al. [20] sug -
gested that the le sions are pro duced in the membrane
lipids due to ir ra di a tion, pos si bly by per ox ides, which
lead to the ac ti va tion of la tent acid hy dro las es which
could re sult in the di ges tion of the mem brane it self,
with the con se quent ac ti va tion and re lease of other
lysosomal en zymes; the same may be re spon si ble for
an in crease in ACP lev els af ter ir ra di a tion in the pres -
ent study. 

It has been ob served that, af ter AVE ad min is tra -
tion, a ra di a tion-in duced in crease in ACP was sig nif i -
cantly lower. Hamdy et al. [21] ob served the pro tec -
tive prop er ties of acid phosphatase in cases in which
so lu tions of lysosomal en zymes were ex posed to high
doses of ra di a tion con tain ing cysteine and
4-aminoaphthal. Nam [22], too, ob served sig nif i cant
pro tec tive prop er ties against the rise of se rum acid
phosphatase at 6 and 130 hours, if meth y lene blue was
in jected to rats prior to ir ra di a tion with 360 R. Soyal et
al. [23] also found an in crease in ACP and ALP ac tiv i -
ties in the liver of mice af ter ex po sure to gamma ra di a -
tion.

A rise in ALP ac tiv ity in the liver af ter gamma ex -
po sure, as ev i dent in our ex per i ment, cor re sponds quite
closely to the early re port of Khan et al. [24]. ACP and
ALP are the en zymes linked to the biosynthesis of fi -
brous pro teins [25] and mucopolysaccharides [26]

which also act as hydrolytic en zymes with an im por tant
role in the body in the dis so lu tion of dead cells [27]. Ra -
di a tion-in duced cell death may be the rea son for the in -
creased ac tiv ity of ACP and ALP. Post-ir ra di a tion dam -
age to the liver is an other fac tor con trib ut ing to the
in creased lev els of these en zymes. As ob served in the
pres ent study, ra di a tion-in duced stress should also be
taken into ac count when the in creased ac tiv ity of the
said en zymes is con cerned. It has also been ob served
that in ex per i men tal an i mals, com pared to re spec tive
con trol groups, at var i ous stages of the study, AVE pro -
vided pro tec tion by sig nif i cantly de creas ing the ra di a -
tion-in duced in crease in ACP and ALP. A sim i lar in -
crease of said en zymes was ob served in mice liv ers af ter 
ex po sure to gamma rays ear lier [28]. Samarth et al. [29]
re ported that the ac tiv ity of ACP in creased, but that the
ALP de creased in the blood of mice af ter gamma-ir ra di -
a tion.

In the pres ent study, in creased lev els of the en -
zyme were found to be re stored in the liver of ex per i -
men tal an i mals fol low ing the ad min is tra tion of var i -
ous plant ex tracts be lieved to have pro tec tive
prop er ties against ir ra di a tion [23, 28]. This is in good
agree ment with the stud ies on the aque ous ex tract of
Aloe barbadensis, found to be a sig nif i cant fac tor in
re stor ing the in teg rity of hepatocytes, in di cated by an
im prove ment in phys i o log i cal pa ram e ters such as the
ex cre tory ca pac ity of hepatocytes, as well as by the
stim u la tion of bile flow se cre tion [30].

Ion iz ing ra di a tion in duces lipid peroxidation
(LPx) which can lead to DNA dam age and cell death
[31, 32]. There fore, an agent that acts as a pro tec tive
shield against such dam age should pro vide pro tec tion
against dam ages re sult ing from ex po sure to ra di a tion.
In com par i son to the con trol group, the ad min is tra tion
of AVE be fore ir ra di a tion sig nif i cantly re duced the
amount of LPx. The in hi bi tion of LPx through the ad -
min is tra tion of AVE may also be re spon si ble for the
ob served level of radioprotection. Ear lier re ports on
the same model of an i mal ex per i men tal groups also
proved that Aloe vera is a good radioprotector against
mouse in tes ti nal mu cosa, if low level (0.5 Gy) ex po -
sure to gamma ra di a tion is ap plied [33].

The pres ent study dem on strates a re duc tion in
hepatic and blood GSH fol low ing ra di a tion ex po sure.
This may be due to the en hanced uti li za tion of the
anti-ox i dant sys tem as an at tempt to de tox ify the free
rad i cals gen er ated by ir ra di a tion. The low-end of the
de ple tion of GSH in AVE treated ir ra di ated an i mals
could be due to the high avail abil ity of GSH which in -
creases the abil ity to cope with the free rad i cals pro -
duced by ir ra di a tion. The in creased GSH level sug -
gests that pro tec tion by Aloe vera may be me di ated
through the mod u la tion of cel lu lar an ti ox i dant lev els.
The in crease in the glutathione (GSH) level in the ex -
per i men tal group may be due to the scav eng ing of ra -
di a tion-in duced free rad i cals by an ti ox i dants pres ent
in AVE.
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Fig ure 4. Vari a tion in the lipid peroxidation (LPx) level af -
ter ex po sure to 6 Gy gamma ra di a tion with (ex per i men tal)
or with out (con trol) AVE
Con trol = DDW + ir ra di a tion; ex per i men tal = AVE + ir ra di a -
tion; sta tis ti cal com par i son: con trol vs. nor mal; ex per i men tal
vs. con trol; sig nif i cance lev els: (a) p = 0.05, (b) p £ 0.01,
(c) p  £ 0.001



It has been re ported that LPx starts to in crease as
soon as the en dog e nous GSH is ex hausted, and the ad -
di tion of GSH promptly stops fur ther peroxidation
[34]. Dif fer ent frac tions of Aloe vera, as well as the
frac tion ated whole gel, have anti-ox i dant ef fects.
Glutathione peroxidase ac tiv ity, superoxide dismutase 
en zymes and a phe no lic anti-ox i dant were found to be
pres ent in the AVE ex tract which may be re spon si ble
for these anti-ox i dant ef fects [35]. 

Aloe vera is rich in vi ta mins A, E, and C. Ascor -
bic acid is a good scav en ger of free rad i cals and it pro -
tects cel lu lar mem branes, thereby pre vent ing de gen er -
a tive pro cesses. Vi ta min C un der goes a syn er gis tic
in ter ac tion with tocopheroxyl rad i cals in the re gen er a -
tion of a-tocopherol. Vi ta min E pro tects cell mem -
branes from ox i da tive dam age caused by ir ra di a tion.
The free rad i cal clear ing ca pac ity of vi ta min E is due to 
the lo cal iza tion of an un paired elec tron on its con ju -
gated dou ble bond. From re sults ob tained, it can be in -
ferred that AVE pos i tively mod u lated an ti ox i dant ac -
tiv ity by quench ing and de tox i fy ing the free rad i cals
in duced by ir ra di a tion. It is worth em pha siz ing that
AVE may have a pro tec tive role against the side ef fects 
of ra dio ther apy.

Fi nally, all of the above said leads us to the con -
clu sion that the AVE pro vides a sig nif i cant pro tec tion
against ra di a tion-in duced bio chem i cal al ter ations in
the liver of mam mals.
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Pra{asnika GEHLOT, Danrax SOJAL, Pradip K. GOJAL

SPRE^AVAWE  ZRA^EWEM  IZAZVANOG  O[TE]EWA  JETRE
SWISS ALBINO  MI[EVA  EKSTRAKTOM  LISTA  BIQKE  ALOE  VERA

Ispitivani su radioprotektivni u~inci ekstrakta lista Aloe vera na zra~ewem izazvane
promene na jetri Swiss al bino mi{eva. Mi{evima je jednom dnevno u toku 15 uzastopnih dana oralno
davano 1000 mg/kg telesne mase ekstrakta, pre wihovog izlagawa jednoj dozi gama zra~ewa (6 Gy) koja 
je usledila pola ~asa posle posledweg aplikovawa ekstrakta. Ozra~ivawe mi{eva izazvalo je
zna~ajan porast lipidne peroksidaze pra}ene smawewem glutationa, kisele fosfataze i bazne
fosfataze. Delovawe ekstraktom na mi{eve pre ozra~ivawe povisilo je glutation, kiselu
fosfatazu i baznu fosfatazu i bilo je pra}eno smawewem lipidne peroksidaze. Oporavak i
regeneracija od zra~ewem izazvanog o{te}ewa bili su br`i u `ivotiwa prethodno tretiranih
ekstraktom lista Aloe vera od onih koje su pripadale grupi ozra~enih bez prethodne za{tite.
Podaci jasno ukazuju da ekstrakt zna~ajno umawuje {tetne efekte zra~ewa na jetru te da bi mogao
biti koristan u smawewu uzgrednih posledica u terapiji zra~ewem.

Kqu~ne re~i:  Aloe vera, jetra, gama zra~ewe, Swiss al bino mi{


