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The radio protective effect of the fruit pulp of Emblica officinalis Gaertn (Emblica) was studied in
adult Swiss albino mice. Mice were treated with 2.5g/kg b.wt of Emblica for 10 consecutive days before
irradiation and exposed to a single dose of 700 rads (7Gy) of radiation after the last dose. One group was
given Emblica continuously for another 15 days after irradiation. Changes in the total leukocyte count,
bone marrow viability and hemoglobin were studied after whole body irradiation. Administration of
Emblica significantly increased these levels, which were lowered by irradiation. Animals were sacrificed
at various time points after irradiation and the activities of the antioxidant enzymes catalase (CAT), super-
oxide dismutase (SOD), glutathione peroxidase (GPX), and glutathione-S-transferase (GST), and levels of
glutathione were assayed in the blood. The damage to the cell membrane after whole body irradiation was
studied by measuring the tissue lipid peroxides levels. Administration of Emblica significantly enhanced
the activity of the various antioxidant enzymes and GST as well as glutathione system in the blood. Treat-
ment with Emblica also lowered the elevated levels of lipid peroxides in the serum. The data clearly indi-
cated that the extract significantly reduced the bioeffects of radiation. Emblica extract may be useful in

Regular Paper

reducing the side effects produced during therapeutic radiation.

INTRODUCTION

The interactions of radiation with the components of liv-
ing system results in the generation of several oxygen free
radicals (OFRs). OFRs so formed are responsible for many
of the detrimental effects of radiation on living system. They
can attack virtually all components including DNA, protein
and causes membrane lipid peroxidation. They also impair
the indigenous antioxidant defense mechanism."

Since radiation causes enormous damage to normal cells
several strategies are designed in order to minimize the
lethal consequences of radiation exposure to normal cells.
Use of radioprotectors is one among such strategy.” Several
compounds have been tried as radioprotective agents in
experimental animals and as well as in human volunteers.
This includes sulthydryl compounds like cysteine, WR2721,
antioxidants like vitamin C & E, cytoprotective agents like
MESNA and several biological modifiers like y-interferon.”
However due to toxicity produced, these radioprotective
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agents had only limited use in clinical medicine. Recently
there have been renewed interests in the search of potential
drugs of plant origin for their potential use as radioprotec-
tors.

Emblica officinalis Gaertn (syn. Phyllanthus Emblica
Linn), family-Euphorbiaceae, is being extensively used in
traditional Indian system of medicine and is a constituent of
several poly herbal preparations. Brahma Rasayana, which
contains Emblica, is reported to have an excellent radio pro-
tective activity in animal models as well as in human volun-
teers undergoing radiotherapy.* Emblica is an excellent
antioxidant and a free radical scavenger. It helps in protect-
ing the skin from damaging effect of UV radiation.” Embli-
ca was found to inhibit nitrosation reaction in stomach,
which will be highly helpful in reducing stomach cancers.®
It was found to be antimutagenic and reduced the clastoge-
nicity induced by various metals.® Emblica was found to be
hepatoprotective,” anti-diabetic'” and reduced the ulcer of
the stomach'”. Emblica inhibited N-Nitroso diethyl amine-
induced hepatocarcinogenesis and 20-methyl chloranthrene-
induced sarcoma in experimental animals.'” Emblica was
found to be non-toxic to human and experimental animals.
Many polyphenols such as ellagitannins, phyllemblin, ellag-
ic acid, trigalloylglucose, phyllantidin, mucic acid, embli-
cannin, and furosin'? are reported to be present in Emblica.
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We have earlier identified epigallocatechin gallate in the
extract of Emblica as one of the major polyphenol, which is
also a major constituent of green tea.'"¥ Antioxidant activi-
ties of many of these polyphenols are reported.' There are
no reports available on the radio protective activity of Embli-
ca. In the present study we have evaluated the possible role
of Emblica as a radioprotective agent against sub-lethal dose
of y-radiation in mice.

MATERIALS AND METHODS

Chemicals

Nitroblue tetrazolium (NBT), riboflavin, reduced glu-
tathione (GSH), 5-5’ dithiobis (2-nitrobenzoic acid) (DTNB),
and 1- chloro-2, 4-dinitrobenzene (CDNB) were obtained
from Sisco Research Laboratories Pvt. Ltd, Mumbai, India.
Thiobarbituric acid was purchased from Hi-media laborato-
ries, Mumbai, India, 1,1,3,3-tetramethoxy propane was pro-
cured from Sigma-Aldrich chemicals, USA. All other chem-
icals and reagents used in this study were of analytical grade.

Preparation of extract

Fresh Emblica fruits were purchased from local market
and washed thoroughly in water. A voucher specimen
(Voucher No. Eup-10) of the plant and fruit is kept in the
herbarium of Amala Ayurvedic Hospital and Research Cen-
tre. Emblica weighed 1Kg was cut into small pieces, grinded
and extracted twice with 75% methanol (1000 ml each time)
at room temperature for 24hr. Extract was filtered through
Whatmann filter paper and supernatant was evaporated with
the help of rotary evaporator at 40°C under vaccum. The
final liquid suspension was lyophilized. The yield of the
preparation was 0.8%. The lyophilized powder was resus-
pended in water at desired concentrations in 0.2ml and
administered orally by gavage once daily to animals.

Animals

Inbred 4-6 weeks old female Swiss albino mice (20-25g)
were obtained from Small animal breeding station, Kerala
Agricultural University, Mannuthy, Thrissur. They were kept
in well-ventilated cages under standard conditions of tem-
perature, pressure and humidity. The animals were provided
with normal mouse chow (Sai Durga feeds and foods, Ban-
galore) and water ad libitum. All animal experiments con-
ducted during the present study got prior permission and
followed the guidelines of Institutional Animal Ethics Com-
mittee (IAEC).

Irradiation

Animals were treated with a single dose of radiation of
700 rads (7Gy). The source of radiation was a ®®Co Ther-
atron-Phoenix teletherapy unit (Atomic Energy Ltd, Cana-
da). Animals were restrained in specially designed, well-
ventilated cages without anesthesia and exposed to whole

body radiation at a rate of 1.33 Gy/min in a field size of 25
x 25 cm? and at a distance of 80 cm from the source.

Determination of effect of Emblica on haematological
parameters of irradiated animals

Twenty-one mice were randomly divided into three
groups of 7 animals each. Group I was treated as irradiated
control served with vehicle. Group II was treated with
Emblica (2.5g/Kg b.wt) ten days prior to irradiation. Group
IIT was administered Emblica (2.5g/Kg b.wt) ten days prior
to irradiation and continued for another fifteen days after
irradiation. All the three groups were irradiated with a single
dose of 700 rads.

Body weights of all the animals were determined one day
prior to irradiation and every third day thereafter. Blood was
collected from tail vain into heparinised tubes and the fol-
lowing parameters were analyzed one day before radiation
and every third day thereafter. The parameters analyzed were
total WBC count (haemocytometer method), differential
count (Leishman’s staining method) and haemoglobin by
Drabkin’s method."

Determination of effect of Emblica on bone marrow
viability and antioxidant parameters of irradiated
animals

Thirty-six animals were divided in to four groups of nine
animals each. For group I-III treatment protocol were simi-
lar as described above. Group IV was treated as normal ani-
mals without any treatment. On days 5, 10 and 15 after irra-
diation (700rad) three animals from each group was
sacrificed. Blood was collected to heparinised tubes, and
plasma was removed and following parameters were assayed
in the blood. Activity of the enzyme SOD was measured by
NBT reduction method of McCord and Fridovich.'® CAT
activity was estimated by the method of Aebi'” by measur-
ing the rate of decomposition of hydrogen peroxide (H>0,)
at 240 nm. Level of GSH was assayed by the method of
Moron et al'® based on the reaction with DTNB. Assay of
GPX followed the method of Hafeman et al'” based on the
degradation of H>O; in the presence of GSH. The method of
Habig et al’® was followed to assay the activity of GST
based on the rate of increase in the conjugate formation
between GSH and CDNB.

The femurs of the above animals were dissected out and
bone marrow cells were flushed into phosphate buffered
saline (pH 7.4) containing 2% fetal calf serum. The cells
were washed and bone marrow viability was determined by
the method of Sredni er al?V. The results were expressed as
number of live bone marrow cells X 10%/ femur.

The liver of the sacrificed animals were excised quickly,
washed in ice-cold saline and kept at —70°C till the day of
analysis. On the day of analysis 25% homogenate was pre-
pared in ice-cold tris—HCI buffer (0.1M, pH7.4). The homo-
genate was centrifuged at 12000 rpm for 30 minutes and
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supernatant was used to determine the tissue lipid peroxide
levels (LPO) using the TBA method of Okhawa et al*®.

Statistical analysis

Data was expressed as mean * standard deviation (SD).
Significance levels for comparison of differences were deter-
mined using Student’s t test. The mean of Emblica treated
group was compared with that of radiation alone treated
group. The radiation alone treated group was then further
compared with untreated group. The differences between
means were considered to be statistically significant if p <
0.001.
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RESULTS

Radiation treatment at the dose level used here did not
produce a statistically significant reduction in the body-
weight of the exposed animals. Initial body weight of ani-
mals were 24.87 + 3.77, 24.32 £ 4.89 and 25.21 £ 3.37
respectively for group I, I and III. On day 6 body weight
was reduced to 22.02 £ 3.47, 21.11 =+ 4.30 and 20.80 £ 2.42
respectively (p > 0.05).

Radiation significantly lowered the total leukocyte count in
irradiated animals (Fig. 1 A). Administration of Emblica was
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Effect of administration of Emblica fruit pulp extract on the total WBC count of irradiated animals.

Irradiation lowered the total WBC count and continuous administration of Emblica elevated the levels (1 A).
Effect of administration of Emblica fruit pulp extract on the bone marrow cellularity of radiation treated ani-
mals. Emblica treatment elevated the levels of bone marrow cellularity (1 B). Data is expressed as mean £ S.D,

* denotes p < 0.001, ** denotes p < 0.005.
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found to increase the count. In the initial days after irradia-
tion both group II (Emblica pre treated group) and group III
(Emblica continuously administered group) showed almost
similar number of WBC. But at later days after irradiation,
group III showed a significantly elevated WBC as compared
with group I (radiation alone treated group) and group IL.
This indicated that continuous Emblica administration stim-
ulated the hemopoetic system in a concentration dependent
manner. This observation is further supported by the
increased bone marrow viability found in-group II (Fig. 1
B). Bone marrow viability in normal animals was (Group 1V)
was 15.66 * 0.50 x 10° cells/femur. Bone marrow viability
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was significantly decreased after irradiation. After 15" day of
post- irradiation group II possessed a value of 5.9 x 10° cells/
femur where as group II and III showed 6.03 x 10° and 13.43
x 10° cells/ femur respectively. The hemoglobin levels were
significantly reduced after irradiation (data not shown). On
day 6 radiation alone treated group had a hemoglobin level
of 10.51 % 3.19 where as Emblica continuously administered
group had a value of 11.89 £ 2.89. The differential count did
not show any significant variation (data not shown)

The activity of both SOD and CAT, two of the major
enzymes involved in the antioxidant defense mechanism
were found to be decreased after irradiation (Fig. 2 A and 2
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Fig. 2. Effect of administration of Emblica fruit pulp extract on the activity of the enzyme superoxide dismu-
tase (SOD) in blood. Radiation treatment lowered the activity of SOD and continuous administration of Emblica
elevated these levels (1 A). Effect of administration of Emblica fruit pulp extract on the activity of the enzyme
catalase (CAT) in blood. Emblica administration significantly elevated the lowered levels of catalase after irra-
diation (2 B). Data is expressed as mean + S.D, * denotes p < 0.001.
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B). The continuous administration of Emblica enhanced
SOD activity, which showed the maximum value on 15" day
after irradiation and CAT on 10™ day after irradiation.
Activity of GPX was also found to be decreased after
whole body irradiation (Table 1). Continuous administration
of Emblica elevated the activity of GPX. On day 15 after
irradiation group I had an activity of 1211.18 + 113.23 U/L
of haemolysate whereas group III showed an activity of
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1967.64 = 131.77 demonstrating that Emblica administra-
tion stimulated GPX activity (p < 0.001).

The levels of the major cellular antioxidant GSH
increased after Emblica administration (Table 2). The levels
of GSH were brought down after irradiation. On day 15 the
levels of GSH increased almost three times in Emblica con-
tinuously administered group as compared with radiation
alone treated group indicating that Emblica administration

Table 1. Effect of administration of Emblica on blood GPX levels of irradiated animals
(values are expressed as U/L of haemolysate)
Group Day 5 Day 10 Day 15
Normal 2174.40 £ 82.18 ND ND

Irradiated Control
Emblica Pre- 1759.90 £ 111.23
treatment + Irradiation
Emblica Pre- 1951.74 £ 69.83
treatment + Irradiation +

Emblica Post- treatment

1611.53 £147.52%%*

1311.33 £ 151.72%
1623.66 + 186.93

1211.18 £113.23*
1296.24 £ 155.61

1725.76 £185.82*%* 1967.64 £ 131.77*

*p <0.001, **p < 0.01., ND-Not Determined

Table 2. Effect of administration of Emblica on blood GSH
levels of irradiated animals (values are expressed as nmol/ml)

Group Day 5 Day 10 Day 15
Normal 26.08 +3.64 ND ND
Irradiated Control 17.65+3.12 17.59+1.24  16.80 = 1.31**
Emblica Pre- 22.82+254 17.70+£3.50 1620+ 1.32
treatment +Irradiation

Emblica Pre- 23.99+536 37.68 £2.35% 44.37+5.17*

treatment+Irradiation +

Emblica Post -treatment

*p <0.001, **p < 0.01. , ND-Not Determined

Table 3. Effect of administration of Emblica on blood GST
levels of irradiated animals (values are expressed as nano-
moles of CDNB-GSH conjugate formed/min/gm Hb)

Group Day 5 Day 10 Day 15
Normal 1.27£0.20 ND ND
Irradiated Control 1.43 +0.39 1.62+0.22 1.45+0.38
Emblica Pre- 1.30£0.21 1.23+£0.27 1.25+0.17
Treatment + Irradiation

Emblica Pre- 2.19+£0.09% 2.17£0.12*% 228 +0.15*

treatment +Irradiation +

Emblica Post- treatment

*p <0.001, ND-Not Determined

elevated the GSH levels (p < 0.001). It could be presumed
that an increased level of anti-oxidant enzymes and GSH is
a direct consequence of Emblica administration and could be
seen in unirradiated animals as well (data not shown).
Emblica administration also elevated the activity of GST
(Table 3) an enzyme involved in the glutathione mediated
detoxification system. On day 15 group III showed an activ-
ity of 2.28 + 0.15 (nanomoles of CDNB-GSH conjugate
formed) (p < 0.01) where as group I had an activity of 1.45
+ 0.38 only.

Radiation increased the levels of lipid peroxidation in all
the radiation treated animals (Table 4). On day 15, it was
3.50 £ 0.11(nanomoles of MDA formed/mg of protein) for

Table 4. Effect of administration of Emblica on tissue lipid
peroxide levels of irradiated animals (values are expressed as
nano moles of MDA formed/mg of protein)

Group Day 5 Day 10 Day 15
Normal 0.86 £ 0.04 ND ND
Irradiated Control 3.11+£0.14% 3.44+0.21* 3.50%+0.11*
Emblica Pre- 220+0.12 2.18+0.16 2.39%0.38
treatment+Irradiation

Emblica Pre- 1.88£0.22*% 1.95+0.13* 2.01£0.17*

treatment + [rradiation +

Emblica Post- treatment

*p <£0.001, ND-Not Determined
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group I, whereas in-group III it was significantly reduced to
a level of 2.01 = 0.17 (p < 0.001).

DISCUSSION

Radiation is used therapeutically for the treatment of var-
ious types of malignancies. The severe side effects of radio-
therapy resulted from the damage of normal cells. Rapidly
dividing cells of gastrointestinal tract, heamatopoetic sys-
tems are more prone to radiation-induced damages®”. In the
present study the myelosuppression produced as a result of
whole body irradiation is significantly lowered by continu-
ous administration of Emblica extract. Moreover the bone
marrow viability was also elevated by Emblica treatment
indicating that Emblica stimulated the haematopoetic sys-
tem.

The interaction of ionizing radiation with biological sys-
tem results in the generation of many highly reactive short
lived reactive oxygen species (ROS) mainly due to the
hydrolysis of water. The major ROS resulting from aqueous
radiolysis include H, OH, RO,, H30", etc. These ROS the
attack cellular macromolecules like DNA, RNA, proteins,
membranes, etc and cause its dysfunction and damage. ROS
increased the membrane lipid peroxidation, which in turn
can alter the integrity of membrane structure leading to inac-
tivation of membrane bound enzymes, loss of permeability
of the membrane and decrease in membrane fluidity."**
Whole body irradiation increased the levels of tissue lipid
peroxidation. Treatment of Emblica was found to be effec-
tive in reducing the lipid peroxidation.

Radiation produced a change in the antioxidant enzymes
levels in the body. The values of SOD were significantly
higher in Emblica treated animals. Radiation caused an
increase in the levels of superoxide radicals and the
increased SOD activity seen after Emblica administration
was therefore to eliminate superoxide radicals. As a result of
dismutation, highly reactive H,O, is formed which was
degraded by CAT and GPX. While CAT converts H,O, to
H,0O and O,, GPX removes H>O, by coupling its reduction
to H>O with oxidation of GSH to GSSG. The values of GSH
were decreased in radiation treated animals when compared
to the normal ones. Administration of Emblica extract
increased the GSH levels Emblica showed excellent antiox-
idant activity in vitro®> and present study also revealed its
in vivo antioxidant potential.

The possible mechanism of action Emblica is shown in
Fig. 3. Radiation has been shown to induce DNA strand
breaks and mutation and induced peroxidative changes to
lipids and proteins. Emblica extract has been shown to have
significant antioxidant activity, which reduces the oxidative
changes induced by radiation. Emblica extract was also
found to inhibit mutagenisis by direct binding to certain
mutagens as well as by inhibiting carcinogen activation. It
stimulates hemopoiesis thus reducing the myelosuppression
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damage

Damage to Damage to
biomolecules proteins
like DNA

Mutation

damage and lipid
peroxidation

Emblica

OXIDATIVE STRESS S

Fig. 3. The schematic diagram represents various consequences
of radiation exposure to cells resulting in oxidative stress. The bold
double-headed arrows ( «— ) represents the possible site of action
of Emblica resulting in oxidative stress induced by irradiation.

induced by radiation. Moreover it produces a protective lay-
er in stomach thus reduces the mucosal damage of gastro-
intestinal linings during irradiation. Presences of a variety of
polyphenols are reported in Emblica. These polyphenols are
excellent scavengers of oxygen radicals produced in the
body by radiation, thus affording protection to the body. It
can be hypothesized that antioxidant activity, potent stimu-
lation of hemopoetic system, non-toxicity as well as the easy
availability of Emblica make it as an excellent choice for
further development as a natural radioprotector.

REFERENCES

1. Gracy, R. W., Talent, J. M., Kong, Y and Conard, C. C.
(1999) Reactive oxygen species: the unavoidable environmen-
tal insults? Mut. Res. 428: 17-22.

2. Nair, C. K. K., Parida, D. K and Nomura, T. (2001) Radio pro-
tectors in radiotherapy. J. Radiat. Res. 42: 21-37.

3. Praveenkumar, V., Kuttan, R and Kuttan, G. (1996) Radiopro-
tective effects of Rasayanas. Ind. J. Exp. Biol. 34: 845-850.

4. Joseph, C. D., Praveenkumar, Kuttan,G and Kuttan, R. (1999)
Myeloprotective effect of a non-toxic indigenous preparation
Rasayanas in cancer patients receiving chemotherapy and
radiation therapy: a pilot study. J. Exp. Clin Cancer Res. 18:
325-329.

5. Chaudhuri, R. K (2002) Emblica cascading antioxidants: A
novel natural skin care ingredient. Skin Pharmacol Appl Skin
Physiol. 15: 374-380.

6. Xu, G.P., Song, P. J and Reed, P. I. (1993) Hypothesis on the
relationship between intra gastric nitrosation: N-nitrosamine
in gastric juice of subjects from high-risk area for gastric can-
cer and inhibition of N-nitrosamine formation by fruit juices.
Eur. J. Cancer Prev. 2: 25-36.

7. Jeena K. J., Josely, G and Kuttan, R. (1997) Antimutagenic
and anticarcinogenic activity of Emblica officinalis Gaertn. J.
Clin. Biochem Nutr. 22: 171-176.

8. Dhir, H, Agarwal, K., Sharma, A and Talukder, G. (1991)
Moditying the role of Phyllanthus emblica and ascorbic acid

J. Radiat. Res., Vol. 45, No. 4 (2004); http://jrr.jstage.jst.go.jp



10.

11.

12.

13.

14.

15.

16.

17.

Radioprotection by Emblica

against nickel induced clastogenicity in mice. Cancer Lett. 59:
9-12.

Jeena, K. J and Kuttan R. (2000) Hepatoprotective effect of
Emblica officinalis and Chyvnaprash. J. Ethnopharmacol. 72:
135-140.

Sabu, M. C and Kuttan, R. (2002) Anti-diabetic activity of
medicinal plants and its relationship with antioxidant prop-
erty. J. Ethnophramacol. 81: 155-160.

Rajesh Kumar,N. V., Therese, M and Kuttan, R. (2001)
Emblica officinalis fruit afford protection against experimen-
tal gastric ulcers in rats. Pharm Biol. 39: 375-380.

Jeena, K. J., Kuttan, R and Bhattacharya, R. K. (1998) Effect
of Emblica officinalis extract on hepatocarcinogenesis and
carcinogen metabolism. J. Clin. Biochem Nutr. 25: 31-39.
Zhang, Y., Abe, T., Yang, C and Kouno, I. (2001) Phyllanem-
blinins A-F, New ellagitannins from Phyllanthus emblica. J.
Nat Prod. 64: 1527-1532.

Rajeshkumar, N,V., Pillai, M. R and Kuttan, R.(2003) Induc-
tion of apoptosis in mouse and human carcinoma cell lines by
Emblica officinalis polyphenols and its effect on chemical car-
cinogenesis. J. Exp. Clin Cancer Res. 22: 201-212.

Drabkin, D. L and Austin, J. M. (1932) Spectrophotometric
studies; spectrophotometric constants for common hemoglo-
bin derivatives in human, dog and rabbit blood. J.Biol. Chem.
98: 719-733.

Mc Cord, J. M. and Fridovich, 1. (1969) Superoxide dismu-
tase, an enzymatic function for erythrocuperin J. Biol. Chem.
244: 6049-6055.

Aebi, H. (1974) Catalase estimation. In: Methods of enzy-

18.

19.

20.

21.

22.

23.

24.

25.

555

matic analysis, Eds. H.V. Bergmeyer, pp.673—684, Verlag
Chemic, New York.

Moron, M. A., DePierre, J. W and Mannervick, B. (1979)
Levels of glutathione, glutathione reductase and glutathione-
S-transferase activities in rat liver. Biochem. Biophy Acta.
582: 67-68.

Hafeman, D. G, Sundae, R. A and Houestra, W. G. (1974)
Effect of dietary selenium on erythrocyte and liver glutathione
peroxidase in the rat. J. Nutr. 104: 580-587.

Habig, W. H, Pabst, M. J and Jakoby, W. B (1974) Glu-
tathione-S-transferase, the first enzymatic step in mercapturic
acid formation. J Biol. Chem. 249: 7130-7139.

Sredini, B., Albeck, M., Kazimmirsky, G and Shalet, F.
(1992) The immunomodulator administered orally as a radio-
protective agent. Int J Immunopharmacol. 14: 619-622.
Ohkawa, H., Ohishi, N and Yagi, K. (1979) Assay for lipid
peroxidation in animal tissues by thiobarbituric acid reaction.
Anal Biochem.. 95: 351-358.

Harikumar, K. B and Kuttan, R. (2004) Protective effect of an
extract of Phyllanthus amarus against radiation-induced dam-
age in mice. J. Radiat. Res. 45: 133-139.

Agarwal, A and Kale, R. K. (2001) Radiation induced perox-
idative damage: mechanisms and significance. Ind .J. Exp.
Biol. 39: 291-309.

Jeena, K. J and Kuttan, R. (1995) Antioxidant activity of
Emblica officinalis. J. Clin. Biochem Nutr. 19: 63-70.

Received on July 5, 2004
1st Revision on September 3, 2004
Accepted on September 30, 2004

J. Radiat. Res., Vol. 45, No. 4 (2004); http://jrr.jstage.jst.go.jp



