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RADIOPROTECTIVE EFFICACY OF ALOE VERA LEAF EXTRACT
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ABSTRACT

Radiomodifying effects of the |eaf extract of Aloe vera
were observed on the testes of Swiss albino mice at 50
and 100 mg/kg dose levels. This extract was non-toxic
when injected up to 800 mg/kg, and significant
enhancement in survival time of the irradiated group
was observed. In addition, treatment reduced radia-
tion-induced damage to germ cells and loss in body
weight.

INTRODUCTION

Factors such as increased use of atomic energy
increases radiation hazards in human populations. Sev-
eral programs have been initiated to explore safeguards
and protect human beings from radiation damage. Dur-
ing the last decade, intensified studies have been car-
ried out with various compounds to investigate whether
administration before or after irradiation protects the
organism from harmful effects. However, compounds
have yet to be identified without side-effects. Thus, a
leaf extract of Aloe vera was screened for radio-
modifying efficacy.

The genus Aloe (Liliaceae) iswell known for medi-
cinal properties. Extracts contain various proteins and
amino acids, such as serine and aspargine (Nash &
Beaumont, 1992). In Ayurvedic medicine, Aloe vera is
known for a wide spectrum of pharmacological uses
such as in the treatment of tumors, liver complaints,
skin diseases and ulcers.

Aloe vera gel was first used by Collins and Collins
in 1935 for the treatment of radiodermatitis. The gel,
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which contains acemannan, reduces acute radiation-
induced skin reactions. In wound dressing, this gel
exerts a significant radioprotective effect when applied
topically, without any observable toxic effects. Thus, it
was hypothesized that this extract would be useful asa
clinical adjunct to radiotherapy (Roberts & Travis,
1995).

In the present study, an attempt was made to assess
maodification of radioresponses in the testes of Swiss
albino mice with aleaf extract of Aloe vera. Radiation
sickness, mortality and testicular cell population were
measured. The proliferative germ cell layer is affected
significantly by irradiation, since proliferating and dif-
ferentiating cells are radiosensitive. Further, damagein
germ cells could by transferred to the next generation
and affect the progeny cells.

MATERIALS AND METHODS

Animals

Swiss albino mice (6-8 weeks old) were used for the
present study. Animals were given standard mouse feed
and water ad libitum. The colony was maintained at a
room temperature of 25+2°C and alight:dark exposure
of 12 h:12 h.

Source of Irradiation

Animals were irradiated with a Co60 source at SMS
Medical College, Jaipur, India. For irradiation, the ani-
mals were kept in a ventilated plastic box at a distance
of 80 cm from the source. The dose rate of the source
at this distance was 1.69 Gy/min.

Extract

A leaf extract of Aloe vera was obtained from Amsar
Pvt. Ltd., Indore, India, in dry powdered form. It was
dissolved in distilled water before injection.
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Design of Experiment

Animals were given Aloe vera extract daily over 4 days
via intraperitoneal (injection i.p. in 0.1 ml of distilled
water. Onthelast day (i.e. day 4) they wereirradiated 30
min after the injection, and this day was considered as
day zero. Animals were then autopsied on days 1, 3, 7,
14, and 30. Testes were removed and processed for
histopathol ogical observations. Other parameters studied
were animal body weight, testes weight and mortality.

To evaluate radiation effects, radioprotective effi-
cacy, and toxicity of this Aloe vera extract, animals
were divided into different groups as follows:

GROUP I: Normal animals receiving only 0.1 ml
digtilled water as vehiclei.p.

GROUPII: To evaluate the acute toxicity of the Aloe
vera extract, it was injected at doses of 50, 100, 200,
400, 600, and 800 mg/kg body weight to different sub-
groups of animals.

GROUP I1: To evaluate the toxic effects of the Aloe
vera extract over 30 days, two dose levels, i.e., 50 and
100 mg/kg, were given to two groups of animals.

GROUP 1V: For a radiation-treated control study,
animals were exposed to a LDgy5, dose of radiation,
i.e.,, 8 Gy on day zero without any other treatment.

GROUP V: To study radioprotective efficacy, the
Aloe vera extract was injected at 50 and 100 mg/kg
dose levels, and on day zero, animals were irradiated
with 8 Gy -y-radiation.

RESULTS

Drug Toxicity

Acute toxicity of the leaf extract of Aloe vera was
tested by administering 50, 100, 200, 400, 600, and 800
mg/kg dose levels. No mortality or toxic effects were
observed within 24 h of injection. However, at the high-
est dose level, animals started dying 33 h after injec-
tion. Thus, selection of the non-toxic 50 and 100 mg/kg
doses were used for determination of long term toxic-
ity, the animals were studied for 30 days after adminis-
tration. At these two dose levels all the treated animals
survived until the termination of the experiment

Radiation Effects

Exposure of animalsto alethal dose of radiation (8 Gy)
caused anorexia, epilation, diarrhoea, weight loss and
lethargy. About 70% of the animals died within 30 days.
Mortality started from 4 days onwards, and maximum
mortality occurred on day 13. In this group, animal
weight remained unchanged. However, testes weight

and tubular diameter decreased significantly p < 0.001
(Table 1). Further, spermatogonia and spermatocytes
were degenerated and their population was depleted
(Table 3). A high degree of vacuolation in the tubules
was observed on day 7 (Fig. 2). Pyknosis was observed
in afew spermatogonia and spermatocytes. Exfoliation
in the tubules was noted and the lumen was obliterated
with damaged or necrotic cells. The interstitium was
filled with edematous fluid (Fig. 3). Tubular shrinkage
and the intertubular spaces were increased (Fig. 4).

Combined Effects of Aloe vera and Radiation

When Aloe vera was administered at doses of 50 or 100
mg/kg prior to irradiation, mortality was 10 and 20%,
respectively, within 30 days. Symptoms of radiation
sickness were diminished over 30 days of observation.

Animal Weight

Animal weight did not show asignificant changein any
of the groups except on day 30 in the groups treated
with 50 or 100 mg/kg extract, where it increased sig-
nificantly (Table 1).

Testes Weight

Weight of testes increased in the Aloe vera treated
group on days 14 and 30 (in A50 group) as compared
to controls. In the irradiated groups it was reduced on
days 7, 14, and 30. However, it increased at all the
autopsy intervalsin the A50+R and A100+R groups.

Tubular Diameter

Tubular diameter was increased in the A50+R and
A100+R group as compared to controls. In the
A50+R and A100+R groups, the tubular diameter
increased significantly when compared to the irradiated
control (p < 0.001) at the lower dosg, i.e., 50 mg/kg
(Table 1).

Quantitative and Qualitative Changesin Various
Céll Types

The following quantitative and qualitative changes
(Tables 2 and 3) in various cell types were noted.

A. Spermatogonia Type A. The irradiated group
showed a significant decrease in the count of sper-
matogonia type A, which increased in both the drug
treated groups. The change was significant on days 7,
14 and 30 in the A100+ R group.

B. Spermatogonia Type B. In the irradiated group, a
significant decrease in the number of spermatogonia
type B was observed as compared to controls. No sig-
nificant change at any autopsy interval was noticed
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except on days 1 and 3. However, this effect did not C. Primary and secondary spermatocytes. The num-
remain constant in the A100+ R group. ber of primary and secondary spermatocytes was nor-

Cytological studies showed a wide spectrum of mal in the Aloe vera treated group. Significant
damagein both spermatogoniatype A and Bintheirra=  increasesin the numbers were observed in the AS0+R
diated control animals. However, animals of groups  and A100+ R treated groups as compared to the irradi-
A50+R and A100+R showed evidence of recovery in  ated control. The higher dose was found to be more
terms of depletion, degeneration and pyknotic cells  effective. Pyknosis, karyorrhexis and karyolysis were
(Figs. 5 and 6). observed in the irradiated group (Figs. 2, 3, 4).
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Figs. 1-6. Photomicrographs of testis of Swiss albino mice showing various histopathological changes after irradiation, with or without Aloe
vera pretreatment, as follows. (1) Normal architecture of testis, (2) Shrinkage in tubule, cytoplasmic arrest and vacuolation in irra-
diated (R), group on day 7, (3) shrinkage and edamatous fluid in theinterstitiumin irradiated (R), group on day 14, (4) shrunken and
disorganised tubule with increased interstitium in irradiated (R), group on day 30, (5) Asg+ R, group on day 7 showing normal his-
tology, however, spermatogonia population is depleted, (6) photomicrograph showing active spermatogenesis with all stages and
normal interstitium in A9+ R, group on day 30.
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(D) Spermatids. The number of spermatids was
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increased at both doses of Aloe vera extract treatment. In

the irradiated group, the number of spermatids was
reduced. In both the A50+R and A100+ R groups there
was a significant increase in the number of spermatids.
However, quantitatively, the higher dose was found more
effective as spermatids did not exhibit any damage.

DISCUSSION

One of the principle effects of whole body exposure to
ionizing radiation, in addition to reducing lifespan, is
radiation sickness, which includes CNS, Gl and
haematopoietic syndromes. Acute radiation doses
affect the CNS leading to death within 2 days of expo-

Table 1. Variation in the body weight (g) tissue weight (mg), tubular diameter (um) of adult male Swiss albino mice after the Aloe vera (A),
radiation (R) and Aloe vera + radiation treatment (A + R).

Experimental Parameter Autopsy interval (days)
group
1 3 7 14 30
Asg Body weight 20.60 + 0.45 21.10+0.34 20.80 + 1.30 21.9+0.34 235+ 0.42
Testis weight 88.30 + 2.49" 85.8+ 2.44 85.1+1.33 109.7 + 414 t++ 1047+ 1.66 *++
Tubular diameter 178.74+ 479" 18639+ 2.91"F 181.39+ 5057  199.67 + 4.98 **+ 174.67 + 2.65
A1oo Body weight 21.50 + 0.63 19.80 + 1.16 21.90 + 0.60 21.40 + 0.86 215+ 047
Testis weight 926+257tt  86.9+1.76 85.1+0.82 86.3+1.30 885+ 2.16
Tubular diameter 185.96 + 3.48™F 20672+ 622t 17287+ 7.33 18335+ 3.83"" 186.83+2.66 *T
R(8Gy) Body weight 19.55 + 0.88 18.95 + 0.77 18.20 + 0.85 17.7+0.83 15.7+0.82
Testis weight 74.40 + 2.53 744+ 213 59.80 + 2.66%F 466+ 259ttt 259+ 1.07
Tubular diameter 14572+ 135 13106+ 3.28 127.56 + 2.49 12631+ 1.91 126.15+ 2.31
Aot R Body weight 20.50 + 0.42 17.90+ 1.71 20.60 + 2.38 20.30 + 0.53 238+ 097 t*+
Testis weight 75.6 + 1.10 8.71+274% 724+ 280"t 49.0+ 1.86 309+212
Tubular diameter 185.74 + 2.56 *+* 166.61+ 538+t 15879+ 432" 151.98+5.38 182.37 + 3.79 *++
Aot R Body weight 21.30+ 0.53 19.80 + 0.46 2200+ 083" 1880+ 0.66 26.90+ 054+
Testis weight 91.11+285™ 780+ 157 67.40 + 1.58" 56.9+ 158"t 395+ 094t
Tubular diameter 15534+ 242 14119+ 1.49 138.69+ 2.76 152.90+ 2.62"  150.29 + 1.89 **
Normall Animal weight 21.20 + 0.488
Testis weight 76.5+ 1.021
Tubular diameter 157.4 + 2.90

IAverage animal weight, tissue weight and tubular diameter measured on each autopsy interval.

+++ < 0,001, +* p< 0.01, + p< 0.05.

Table 2. Variation in different cell counts of seminiferous tubule of the testes of adult male Swiss albino mice at various autopsy intervalsin
only Aloe vera (A) treated groups.

Experimental  Cell types

Autopsy interval (days)

group
1 3 7 14 30
Asg Spermatogonia type A 6.00 + 0.59 3.60+ 0.58 1.60 + 0.40 2.90+ 0.37 8.80+0.32
Spermatogonia type B 6.60 + 0.63 4.40+ 054 370+ 0.37 3.40+ 0.52 6.20+ 0.77
Primary spermatocytes 2720+ 157  39.00+ 1107  34.80+0.72 37.70+ 1.13 4770+ 126
Secondary spermatocytes 2030+ 153 2570+ 1.65 2090+ 1.25 2280+ 1.22 28.30+ 1.92
Spermatids 48.20 + 1.58 *++ 27.50 + 0.95 21.90 + 1.43 19.10+ 0.73 27.20+ 2.26
A1oo Spermatogonia type A 2.77 £ 0.49 4.11+0.40 255+ 0.55 0.40+ 0.22 5.66 + 0.44
Spermatogonia type B 7.88+0.73 6.11 + 0.67 5.54 + 0.68 222+ 054 311+048
Primary spermatocytes 3650+ 253  4644+173""  4266+086""  38.00+086tt 4577+1307F
Secondary spermatocytes  21.33+1.28 2344+ 2.24 28,55+ 1.87 19.44 + 1.38 17.66 + 0.83
Spermatids 3811+ 202"t 3655+ 1.84 36.88+ 2.64" 20.55 + 1.06 37.72+0.97
Normall Spermatogonia type A 10.60 + 0.30
Spermatogonia type B 13.10+ 0.79
Primary spermatocytes 3150+ 1.87
Secondary spermatocytes 4740+ 2.12
Spermatids 30,00+ 0.71

IAverage number of cells counted on each autopsy interval.
+++p < 0.001, +* p< 0.01, * p< 0.05.
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Table 3. Variation in different cell counts of seminiferous tubule of testes, of adult male Swiss albino mice at various autopsy intervalsinirra-

diated group (R) and Aloe vera + radiation treatment (A + R).

Experimental  Type of cell

Autopsy interval (days)

group
1 3 7 14 30

R(8Gy) Spermatogonia type A 2.77£0.49 6.00 £ 0.59 0.44 £ 0.22 4,00 £ 0.22 6.88 + 0.81
Spermatogonia type B 3.00+£0.33 5.66 + 0.63 477+ 0.44 5.33+0.83 1333+ 1.27
Primary spermatocytes 2255+ 0.93 3544 £ 2.13 17.77 £ 2.13 7.00 £ 0.63 1855+ 1.63
Secondary spermatocytes 12.66 £ 1.11 19.66 + 1.09 29.33+5.00 13.22 + 1.68 20.66 + 1.20
Spermatids 4512+ 1.22 3344+ 2.76 26.44 + 2.88 2555+ 251 0.00 + 0.00

A +R(8 Gy) Spermatogonia type A 2.60+0.30 3.20+0.41 220+ 041%" 410+0.48 220+ 0.35
Spermatogonia type B 4.00+0.33 2.80+ 041 2.80+ 041 1.90 £ 0.37 1.60 + 0.47
Primary spermatocytes 28.20 + 1.35 *** 26.60 + 0.95 11.60 £ 0.95 7.30+ 0.59 17.60 £+ 0.56
Secondary spermatocytes 1740+0.70* 17.20+ 1.36 1720+ 1.31 17.20 £ 1.63 22.00+ 0.68
Spermatids 3320+ 1.19 4050 £ 1.41*+ 2450+ 1.49 13.60 + 0.88 26.00 £ 0.47 *+++

A 100 +R(8 Gy) Spermatogoniatype A 6.70+ 047+t 522+0.30 3.60 £ 0.04 *++ 1350+ 0.80 +** 13.30 + 0.63 **+
Spermatogonia type B 10.30+ 059+t 1511+ 156+t 6.20+041% 450+ 0.72 5.90 £ 0.98
Primary spermatocytes 42.60 + 0.88 *** 50.66 + 0.86 ** 48.77 £ 0.90 ***+ 39.00 + 1.07 +** 45,00 + 1.31 **+
Secondary spermatocytes 21.44+0.96 *t+ 36.66 + 0.72 " 1322+ 1.34 2611+ 216t 27.40+ 1.02 **
Spermatids 55.66 £ 0.96 ** 5240+ 1.56 **+ 56,00 £ 1.37 ***+ 34.90+ 1.51 ** 42,80 + 2.67 t+*

Normall Spermatogonia type A 10.60 + 0.30
Spermatogonia type B 13.10+ 0.79
Primary spermatocytes 3150+ 1.87
Secondary spermatocytes 4740+ 2.12
Spermatids 30.00+0.71

IAverage number of cells counted on each autopsy interval.
+++p < 0.00L, *+ p<0.0L *p<0.05.

sure. Further, damage in crypt cell populations affects
the villi and absorption of water and electrolytes and
influences total animal body weight. This may cause a
Gl syndrome or even death within 37 days of irradia-
tion (Lushbaigh et a., 1960; Takeda, 1962). Death after
7 days of exposure may be associated with the
haematopoietic syndrome and includes hemorrhage,
infection and fluid imbalance (Woods et al., 1953; Hjort
et al., 1959). In this study, these classical radiation born
syndromes were observed when animals were exposed
to 8 Gy whole body irradiation.

In the irradiated animals, a gradual loss in testes
weight was observed. This may be related to actual loss
inthe number of germinal cells (Kohn & Kallman, 1954,
1955). In the present study, a significant decrease was
found in the number of germina cells in the irradiated
group. Thisdestruction at a specific stage of cell division
caused disruption in the maturation process of the organ
and therefore the number of immature cells were
increased, leading to aloss in testes weight. The loss of
cellsaso affectstestosterone levelswhich ultimately dis-
turb the maintenance of gonads (Wang et ., 1983).

A histopathological study of the irradiated animals
tested revealed various pathological changes such as
pyknosis, karyorrhexis, karyolysis and cytoplasmic
vacuolation leading to apoptosis of affected cells. In

addition, loss of germinal epithelium, inter-tubular
edema and shrinkage in the tubular diameter was also
observed (Fig. 2).

However, Aloe vera leaf extract pretreatment was
found to improve body weight, survival time and
reduce the incidence of abnormalities in cells of the
testes, significantly, at both tested dose levels (i.e., 50
and 100 mg/kg). The lower dose (50 mg/kg) was found
to be more effective where 90% of the animals survived
for more than 30 days, as compared to higher dose (100
mg/kg) where only 80% of the animals survived for 30
days. This effect can be correlated to free radical scav-
enging properties and glutathione peroxidase activity
(Sato et al., 1990). However, the mode of radioprotec-
tion of Aloe vera could not be established, sinceno sin-
gle definite active ingredient has been identified to date.
It is commonly suggested that there may be some syn-
ergistic reaction taking place between various compo-
nents and polysaccharides which is responsible for the
action (Leung, 1977, 1978; Henry, 1979). It may be
possible that a moisturizing and emollient ability of
Aloe vera may al so enhance its radioprotective efficacy
(Spoerke & Ekins, 1980; Meadow, 1980), Aloe leaves
also contain compounds such as lectin which can
enhance the growth of normal human cells (Winters et
al., 1981). Recent research indicated that Aloe gel has
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antiprostaglandin effects which may also influence the
immune system (Raine et al., 1980; Heggers et al.,
1993). In addition to all these effects, Aloe vera extract
can also protect radiation caused bacteremia (Bruce,
1967). This variety of biological activities makes Aloe
worthy of further screening as a radioprotective agent.
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