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ABSTRACT

Several phytoceuticals and extracts of medicinal plants are reported to mitigate deleterious effects of ionizing
radiation. The potential of hydro-alcoholic extract of Clerodendron infortunatum (CIE) for providing protection
to mice exposed to gamma radiation was investigated. Oral administration of CIE bestowed a survival advantage
to mice exposed to lethal doses of gamma radiation. Radiation-induced depletion of the total blood count and
bone marrow cellularity were prevented by treatment with CIE. Damage to the cellular DNA (as was evident
from the comet assay and the micronucleus index) was also found to be decreased upon CIE administration.
Radiation-induced damages to intestinal crypt cells was also reduced by CIE. Studies on gene expression in
intestinal cells revealed that there was a marked increase in the Bax/Bcl-2 ratio in mice exposed to whole-body
4 Gy gamma radiation, and that administration of CIE resulted in significant lowering of this ratio, suggestive of
reduction of radiation-induced apoptosis. Also, in the intestinal tissue of irradiated animals, following CIE treat-
ment, levels of expression of the DNA repair gene Atm were found to be elevated, and there was reduction in
the expression of the inflammatory Cox-2 gene. Thus, our results suggest a beneficial use of Clerodendron infortu-
natum for mitigating radiation toxicity.
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INTRODUCTION
With the widespread application of nuclear energy and radioiso-
topes in various human activities (such as in industry, healthcare,
agriculture, food processing, power production and defence), there
is an increasing risk of radiation exposures to life-forms. Thus, pro-
tecting humans from the harmful effects of ionizing radiation is a
major challenge. The reactive species of oxygen (ROS) and nitrogen
(RNS) formed in biological systems upon exposure to ionizing radi-
ation deplete the antioxidants and damage the vital cellular DNA
and membranes, resulting in cell death, altered cell division, deple-
tion of stem cells, organ system dysfunction and, at high doses,
death of the organism. Depending on the dose of the exposure, ion-
izing radiation damages the hematopoietic system, gastrointestinal

system, central nervous system and reproductive system.
Antioxidants can reduce the damage produced by both low and
high doses of radiation [1, 2]. The use of an appropriate antioxidant
type, dose and dose schedule is very important in reducing radiation
damage, because most of the adverse effects of ionizing radiation
are due to ROS formed in the cellular milieu from the radiolysis of
water, which generate ROS-like hydrogen peroxide (H2O2),
molecular hydrogen (H2) and a number of highly active free radi-
cals, such as superoxide hydrogen radical (H•), hydroxyl radical
(OH•), hydroperoxyl radical (HO2

•) and superoxide anion radical
(O2

−•

) [3]. Along with the production of ROS, ionizing radiation
causes direct DNA damage, resulting in double- or single-strand
breaks. Cells suffering such insults can undergo mortality (through
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apoptosis, etc.) and be removed from the body, or can mutate and
turn malignant [4]. Several compounds, dietary ingredients, plant
extracts and formulations having antioxidant activity can help in pre-
venting radiation-induced oxidative stress, thereby acting as radiopro-
tectors [5]. We have investigated the antioxidant and radioprotecting
properties of the plant Clerodendron infortunatum, which belongs to
the family Verbenaceae and is widely used in Indian indigenous medi-
cine for its various therapeutic properties [6, 7]. Different parts of the
plant have been used in tribal and folk medicine in India for colic,
scorpion sting, snake bite, tumour, certain skin diseases, and for vari-
ous conditions such as bronchitis, asthma, fever, diseases of the blood
and inflammation [8]. The roots of the plant have laxative, diuretic,
analgesic, anti-inflammatory, anti-tumour and antibacterial activities.
In the present paper, we present data on the radioprotective efficacy
of extract of Clerodendron infortunatum (CIE) in mice against whole-
body gamma radiation exposure.

MATERIALS AND METHODS
Chemicals

All the chemicals and reagents used in this study were of analytical
grade and purchased from Sigma Chemicals; the molecular reagents
were purchased from Origin Diagnostics and Research.

Animals
Male Swiss albino mice of 8–10 weeks old, weighing 22–25 g, were
obtained from the Small Animal Breeding Section (SABS), Kerala
Agricultural University, Mannuthy, Thrissur, Kerala. They were kept
under standard conditions of temperature and humidity in the
Centre’s Animal House Facility. The animals were provided with
standard mouse chow (Sai Durga Feeds and Foods, Bangalore,
India) and water ad libitum. All animal experiments were carried out
with the prior approval of the Institutional Animal Ethics
Committee (IAEC) and were conducted strictly adhering to the
guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) constituted by
the Animal Welfare Division of the Government of India.

Preparation of hydro-alcoholic extract of Clerodendron
infortunatum

Roots of Clerodendron infortunatum were dried and finely powdered.
The powder was weighed and subjected to soxhlet extraction with
50% ethyl alcohol. The extract was evaporated in a rotary evapor-
ator at 50°C under vacuum. Finally, the extract was subjected for
lyophilization to yield a solid with 12% yield. This was labelled as
CIE and stored at 4°C.

High-pressure liquid chromatography analysis of CIE
A solution of CIE (10 mg/ml) was filtered through a 0.2 µm filter,
and 20 µl of the filtrate was injected into an Agilent Model No.
1260 high-pressure liquid chromatography (HPLC) System,
equipped with a Pixel Array Detector (PAD) detector and a
SunFire C18, 5 µm column. The HPLC profile of the standard
compound quercetin was obtained by injecting 20 µl of 1 mg/ml
solution. The solvents used for gradient elution were acetonitrile
and water. The detection wavelength was 280 nm. As quercetin is

one of the components in the extract, its percentage in CIE was cal-
culated using the peak areas.

Free radical scavenging activity of CIE
The free radical scavenging activity of CIE was determined by the
method of Aquino et al. [9], with minor modifications, using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) stable free radical.

Gamma irradiation and treatments
CIE was dissolved in distilled water. The animals were administered
per os with various quantities of CIE 1 h prior to gamma irradiation.
The animals were divided into 10 groups of 10 animals each and
were exposed to whole-body 60Co gamma radiation in a blood irra-
diator (BRIT, DAE, Mumbai, India) at a dose rate of 1.95 Gy/min.
Out of the 10 groups, the first 5 were taken for biochemical and
molecular studies, in which Group II to Group V received 4 Gy
whole-body gamma radiation. Group I served as the unirradiated
control. The remaining five groups (VI–X) were taken for survival
studies. Group VII to Group X each received 8 Gy whole-body
gamma radiation. Group VI served as the unirradiated control for
survival studies. The details of the CIE administration and the
irradiation of each group are provided below. Various quantities of
CIE were administered by oral gavage to animals 1 h prior to gam-
ma irradiation. There were 10 groups of 10 animals.

Group I. Distilled water (0.1 ml/animal) + sham irradiation
(0 Gy)

Group II. Distilled water (0.1 ml/animal) + 4 Gy gamma
irradiation

Group III. CIE (100 mg/kg) + 4 Gy gamma irradiation
Group IV. CIE (200 mg/kg) + 4 Gy gamma irradiation
Group V. CIE (300 mg/kg) + 4 Gy gamma irradiation
Group VI. Distilled water (0.1 ml/animal) + sham irradiation

(0 Gy)
Group VII. Distilled water (0.1 ml/animal) + 8 Gy gamma

irradiation
Group VIII. CIE (100 mg/kg) + 8 Gy gamma irradiation
Group IX. CIE (200 mg/kg) + 8 Gy gamma irradiation
Group X. CIE (300 mg/kg) + 8 Gy gamma irradiation

Following irradiation, the animals of Groups I–V were sacrificed at
a range of time intervals, and the blood and various tissues were
extracted for various studies. Three hours after irradiation, from
each of the groups, three animals were sacrificed; bone marrow
cells, peripheral blood leukocytes and spleenocytes of these animals
were collected for alkaline comet assay. At 24 h after irradiation, five
animals from each group were sacrificed and the various tissues
were extracted. The bone marrow cellularity and the total WBC
count were monitored. Also, antioxidant parameters such as gluta-
thione (GSH), glutathione peroxidase (GPx) and superoxide dismu-
tase (SOD), along with levels of peroxidation of membrane lipids,
were analyzed in a number of tissues such as liver, heart, kidney
intestine and brain. After 48 h of radiation exposure, blood was col-
lected from two mice from each group by tail vein puncture to
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perform the micronucleus assay. Animals of Groups VI–X were
checked on a daily basis to record the mortality in each group. The
survival in each group was represented in terms of percentage.

Determination of bone marrow cellularity and white
blood cell count

After 24 h of radiation exposure, the animals were sacrificed by cer-
vical dislocation, and blood was collected by heart puncture into
heparinized tubes for the determination of various haematological
parameters using an automated haematological analyser unit. The
bone marrow was collected from femurs into phosphate-buffered
saline (PBS) containing 2% fetal bovine serum (FBS), and the bone
marrow cellularity was determined using a haemocytometer.

Effect of CIE on a number of antioxidant parameters of
various tissues of animals exposed to gamma radiation

After 24 h of radiation exposure, the animals were sacrificed by cervical
dislocation and the liver, brain, kidney, intestine and heart were excised
and washed with ice-cold PBS. Homogenates [10% (w/v)] of these
tissues were prepared in PBS. The levels of reduced GSH, lipid peroxi-
dation, GPx, SOD and protein were estimated in the homogenates.
The level of GSH was assayed by the method of [10], based on the
reaction with Ellman’s reagent [5,5′-dithiobis-(2-nitrobenzoic acid) or
DTNB]. GPx activity was measured based on the method of Hafeman
et al. [11], based on the degradation of H2O2. Activity of SOD was

measured by the nitroblue tetrazolium (NBT) reduction method of
McCord and Fridovich [12]. Protein levels in the tissue were mea-
sured by following the method of Lowry et al. [13]. Levels of peroxida-
tion in membrane lipids were determined using the method of Buege
and Aust [14].

Histopathological studies
Intestinal tissue was fixed in 10% formalin solution and dehydrated in
ethanol, cleared in xylene and embedded in paraffin wax. Sections of
5 μ thickness were made using a microtome, and stained with haema-
toxylin–eosin and observed under microscope [15]. Photographs of
each of the slides were taken at ×40 magnification.

Alkaline single-cell gel electrophoresis (comet assay)
Alkaline single-cell gel electrophoresis was performed using the
method given by Singh [16], with minor modifications [17].
Microscope slides were coated with normal melting point agarose
(1% in PBS) and kept at 4°C till the agarose was solidified. To each
of these slides, 200 µl of 0.8% low-melting-point agarose containing
50 µl of treated cells was added. After solidification of the low-
melting-point agarose, the slides were immersed in pre-chilled
Lysing Solution [containing 2.5 M NaCl, 100 mM ethylenediamine-
tetraacetic acid (EDTA), 10 mM Tris-HCl, pH-10, 1% dimethyl
sulfoxide (DMSO) and 1% TritonX] and kept for 1 h at 4°C for
lysis of the cells. After lysis, the slides were drained properly and
placed in a horizontal electrophoretic apparatus filled with freshly
prepared electrophoresis buffer (containing 300 mM NaOH, 1 mM
EDTA, 0.2% DMSO, pH ≥13). The slides were equilibrated in buf-
fer for 20 min, and electrophoresis was carried out for 30 min at
20 V. After electrophoresis, the slides were washed gently with
0.4 mM Tris-HCl buffer at pH 7.4 to remove alkali. The slides were
again washed with distilled water and kept at 37°C for 2 h to dry
the gel. The slides were again washed with distilled water stained
with 100 µl propidium iodide (100 µg/ml). The comets were visua-
lized under a binocular microscope and the images captured were
analyzed using the software ‘CASP’ to find out the extent of DNA
damage (measured in terms of Olive Tail Moment) [18]. The par-
ameter Olive Tail Moment (OTM) is the product of the distance
between the centre of gravity of the head and the centre of gravity
of the tail, and the percentage DNA in the tail. The results are pre-
sented as mean ± standard deviation.

Fig. 1. The DPPH free radical scavenging activity
of CIE at various concentrations was determined
from the reduction of DPPH when incubated
with various concentrations (10–100 µg/ml) of
CIE.

Table 1. Primer sequences of the genes studied

Gene Forward (5′–3′) Reverse (5′–3′)

Bax 5′- AAGCTGAGCGAGTGTCTCCGGCG -3′ 5′-GCCACAAAGATGGTCACTGTCTGCC-3′

Bcl-2 5′-CTCGTCGCTACCGTCGTGACTTCG-3′ 5′-CAGATGCCGGTTCAGGTACTCAGTC-3′

Atm 5′-CGTAGGCTGGGAAGTGATAA-3′ 5′-ACACATATGGGATGCGTTCT-3′

Cox-2 5′-TCAAAAGAAGTGCTGGAAAAGGTT-3′ 5′-TCTACCTGAGTGTCTTTGACTGTG-3′

Gapdh 5′-AAGGGCTCATGACCACAGTC-3′ 5′-TGTGAGGGAGATGCTCAGTG-3′
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Micronucleus assay
The micronucleus assay with mouse peripheral blood reticulocytes
(as reported by Hayashi et al. [19] using acridine orange (AO)-coated
slides) was carried out to evaluate the chromosomal damage. From
each of the mice in each treatment group, 5 µl of peripheral blood
was collected from the tail vein without any anticoagulant at the
48th hour of irradiation and placed on a AO-coated slide then cov-
ered immediately with a coverglass; the slides were allowed to stand
for a few hours or overnight in a refrigerator to allow the cells to set-
tle and to maximize staining. The slides were observed under a blue

excitation (488 nm) and a yellow-to-orange barrier filter (515 nm),
and 2000 reticulocytes of peripheral blood (identified by their reticu-
lum structure with red fluorescence) were observed in order to deter-
mine the percentage of micronucleated (round in shape with a strong
yellow-green fluorescence) reticulocytes were scored.

Effect of CIE on the expression profile of various genes
in mice exposed to 4 Gy gamma radiation

Mice exposed to 4 Gy gamma radiation were administered with
various doses of CIE. Genes involved in apoptosis, the inflammatory

Fig. 2. (a) The HPLC chromatogram of hydro-alcoholic CIE. (b) The HPLC chromatogram of the reference standard
quercetin.

Fig. 3. Effect of oral administration of Clerodendron
infortunatum (100–300 mg/kg) on the bone marrow
cellularity of mice at 24th hour of 4 Gy whole-body gamma
irradiation. Note: ***P < 0.001 and **P < 0.01 when
compared with the respective control.

Fig. 4. Effect of CIE (100–300 mg/kg) on total white blood
cell (WBC) count after exposure to 4 Gy gamma radiation.
Note: ***P < 0.001, *P < 0.05 and ns indicates ‘Not
significant’ when compared with the respective control.
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response and DNA damage repair were evaluated in the intestinal
tissue of mice after 24 h of whole-body irradiation.

Briefly, the isolated RNA was subjected for cDNA synthesis by
using reverse transcriptase. The expression of various genes controlling
pathways for apoptosis, inflammation and survival was studied. The
synthesized cDNA was subjected to polymerase chain reaction (PCR)
on an Applied Biosystems Geneamp Thermal Cycler 2720 to find out
the levels of expression of Bax, Bcl-2, Atm and Cox-2. Gapdh was used
as the housekeeping control gene. The forward and reverse primers of
various genes are given in Table 1.

The cycling conditions of Bcl-2 and Bax were the same: 94°C
for 1 min (denaturation), 64°C for 1 min (annealing) and for 1 min
(extension). For the housekeeping gene Gapdh, the denaturation
temperature was at 95°C (10 min), annealing at 56°C (30 s) and
extension at 72°C (59 s). Around 35 cycles of denaturation, anneal-
ing and extension were carried out. The initial heat activation of pri-
mers occurs at 95°C for all of the three genes; 5 min is
programmed for Bcl-2 and Bax, whereas 10 min is programmed for
Gapdh. Post extension, however, occurs at 72°C for each of the
three genes.

Table 2. Changes in glutathione peroxidase levels (units/mg protein) in various tissues of 4 Gy whole-body–irradiated mice
administered CIE (100–300 mg/kg)

Heart Liver Kidney Intestine Brain

Normal (0 Gy) 2.07 ± 0.34 2.91 ± 0.38 3.97 ± 0.43 2.91 ± 0.37 0.50 ± 0.03

Control (4 Gy) 0.77 ± 0.15 1.49 ± 0.20 1.14 ± 0.14 1.56 ± .14 0.29 ± 0.04

100 mg/kg (4 Gy+CIE) 1.16 ± 0.28ns 1.60 ± 0.26ns 1.75 ± 0.23* 1.78 ± 0.15ns 0.39 ± 0.02**

200 mg/kg (4 Gy+CIE) 1.75 ± 0.35** 1.92 ± 0.23* 2.39 ± 0.28*** 2.31 ± 0.25*** 0.43 ± 0.05***

300 mg/kg (4 Gy+CIE) 2.40 ± 0.45*** 2.28 ± 0.19*** 3.07 ± 0.39*** 2.42 ± 0.19*** 0.47 ± 0.03***

Note: ‘***’ corresponds to P < 0.001; ‘**’ corresponds to P < 0.01; ‘*’ corresponds to P < 0.05; and ns, ‘Not significant’ when compared with the respective control.

Table 4. Changes in superoxide dismutase levels (units/mg protein) in various tissues of 4 Gy whole-body–irradiated mice
administered CIE (100–300 mg/kg)

Heart Liver Kidney Intestine Brain

Normal (0 Gy) 3.88 ± 0.48 6.21 ± 0.52 2.14 ± 0.25 7.21 ± 0.50 1.26 ± 0.21

Control (4 Gy) 1.33 ± 0.20 3.47 ± 0.45 0.66 ± 0.12 2.90 ± 0.54 0.37 ± 0.06

100 mg/kg (4 Gy+CIE) 1.72 ± 0.20ns 4.00 ± 0.36ns 1.16 ± 0.29ns 4.82 ± 0.67ns 0.77 ± 0.07***

200 mg/kg (4 GY+CIE) 2.87 ± 0.47*** 5.05 ± 0.42*** 1.58 ± 0.21*** 5.18 ± 0.46*** 0.94 ± 0.15***

300 mg/kg (4 GY+CIE) 3.63 ± 0.68*** 5.34 ± 0.42*** 1.88 ± 0.18*** 5.92 ± 0.34*** 1.21 ± 0.08***

Note: ‘***’ corresponds to P < 0.001; ‘**’ corresponds to P < 0.01; ‘*’ corresponds P < 0.05; and ns, ‘Not significant’ when compared with the respective control.

Table 3. Changes in reduced glutathione levels (nmol/mg protein) in various tissues of 4 Gy whole-body–irradiated mice
administered CIE (100–300 mg/kg)

Heart Liver Kidney Intestine Brain

Normal (0 Gy) 4.01 ± 0.36 22.91 ± 2.00 8.11 ± 1.00 7.07 ± 0.81 1.28 ± 0.04

Control (4 Gy) 1.33 ± .30 13.51 ± 1.50 4.81 ± 0.53 4.16 ± 0.63 0.49 ± 0.11

100 mg/kg (4 Gy+CIE) 1.77 ± 0.23ns 15.33 ± 1.17ns 5.63 ± 0.47ns 5.25 ± 0.59* 0.83 ± 0.07***

200 mg/kg (4 GY+CIE) 2.13 ± 0.25* 17.86 ± 1.54*** 6.21 ± 0.49** 5.47 ± 0.34* 1.14 ± 0.1***

300 mg/kg (4 GY+CIE) 2.94 ± 0.62*** 19.19 ± 1.16*** 7.08 ± 0.42*** 6.02 ± 0.30*** 1.15 ± 0.10***

Note: ‘***’ corresponds to P < 0.001; ‘**’ corresponds to P < 0.01; ‘*’ corresponds to P < 0.05; and ns, ‘Not significant’ when compared with the respective control.
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The final amplicons were run in a 2% agarose gel electrophoresis
and the gel was visualized under a gel documentation system.

Statistical analysis
All the results except for survival are presented as mean ± S.D. of
the studied groups. Statistical analyses of the results were performed
using analysis of variance (ANOVA) with the Tukey–Kramer mul-
tiple comparisons test. Statistical analysis of the survival data was
performed by ‘Z’ test.

RESULTS
Free radical scavenging activity of Clerodendron

infortunatum extract
The hydro-alcoholic CIE reduced the DPPH radical in a
concentration-dependent manner, as was evident from the data pre-
sented in Fig. 1. The stable free radical DPPH, with characteristic
absorption at 515 nm, was reduced by the extract, resulting in a
decrease in the absorption that was directly proportional to the
electron-scavenging activity of CIE.

High-pressure liquid chromatography analysis
of Clerodendron infortunatum extract

Quercetin has been reported to be one of the components of the
CIE [20]. The HPLC chromatogram of hydro-alcoholic CIE and
quercetin at 280 nm are presented in Fig. 2a and b, respectively.

The presence of several compounds can be inferred from the several
peaks seen in the HPLC profile of CIE (Fig. 2a).

The HPLC chromatogram of reference compound quercetin
showed a peak at 44.507 Volt.Minutes (V.S) with an area of
16424464, while hydro-alcoholic CIE showed a corresponding peak
at 44.827 Volt.Minutes (V.S) and an area of 975343. From these
results, the percentage of quercetin present in the CIE extract was
calculated to be 6.52%. Quercetin is a strong antioxidant molecule
and is present in various dietary sources and plant extracts [21]. It
has been reported to be effective in alleviating various free radical–
induced physiological stresses [22, 23]. Gamma radiation manifests
deleterious effects by producing free radicals inside the cells, causing
a variety of damages. The presence of free radical–scavenging quer-
cetin in the extract could offer protection from damages induced by
gamma radiation.

Effect of CIE on radiation-induced changes in bone
marrow cellularity

Whole-body exposure to ionizing radiation causes severe altera-
tions in bone marrow cellularity, and a drop in the total white
blood cell (WBC) count. The number of bone marrow cells
decreased drastically in animals exposed to 4 Gy whole-body
radiation, as is evident from the data presented in Fig. 3.
Administration of CIE could prevent the depletion of bone

Table 5. Changes in lipid peroxidation levels (units/mg protein) in various tissues of 4 Gy whole-body–irradiated mice
administered CIE (100–300 mg/kg)

Heart Liver Kidney Intestine Brain

Normal (0 Gy) 1.69 ± 0.15 1.29 ± 0.24 5.15 ± 0.54 3.12 ± 0.43 4.45 ± 0.83

Control (4 Gy) 4.71 ± 0.37 2.73 ± 0.32 13.21 ± 1.01 8.42 ± 1.25 15.14 ± 2.34

100 mg/kg (4 Gy+CIE) 4.01 ± 0.42* 2.24 ± 0.20* 11.11 ± 0.92* 5.92 ± 0.47*** 10.71 ± 2.39**

200 mg/kg (4 GY+CIE) 3.24 ± 0.31*** 2.04 ± 0.28*** 8.95 ± 1.43*** 4.96 ± 0.44*** 8.73 ± 0.83***

300 mg/kg (4 GY+CIE) 2.20 ± 0.20*** 1.75 ± 0.22*** 7.42 ± 0.75*** 4.18 ± 0.47*** 6.14 ± 1.17***

Note: ‘***’ corresponds to P < 0.001; ‘**’ corresponds to P < 0.01; ‘*’ corresponds to P < 0.05; and ns, ‘Not significant’ when compared with the respective control.

Fig. 5. Effect of CIE on gastrointestinal injury in mice after whole-body gamma irradiation. Histopathology of intestinal
sections from mice 24 h after irradiations and CIE treatments. (a) control; 0 Gy, no CIE treatment; (b) 4 Gy, no CIE
treatment; (c) 4 Gy, + CIE (300 mg/kg) treatment.
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marrow cells and elevate the level of cellularity in a dose-
dependent manner (Fig. 3).

Effect of CIE on haematological parameters
of irradiated animals

Exposure to gamma radiation lowers the total WBC count of the
animals, as can be realized from the data presented in Fig. 4.
Whole-body exposure to 4 Gy irradiation significantly lowered the
total leukocyte count, while administration of CIE 1 h prior to
irradiation was able to protect the animals from a radiation-induced
decrease in total WBC count.

Antioxidant parameters in mice following CIE treatment
and radiation exposure

Data on the evaluation of antioxidant status—the levels of GPx,
GSH and SOD—in various tissues (such as heart, liver, kidney,
intestine and brain) of the various groups of mice treated with dif-
ferent concentrations of CIE (100–300 mg/kg) 1 h prior to 4 Gy
whole-body gamma irradiation are presented in Tables 2–4. The
levels of GPx, GSH and SOD were decreased significantly following
irradiation. Administration of CIE prevented this radiation-induced
decrease of antioxidant levels in a concentration-dependent manner
in CIE-treated animals.

Fig. 6. (a) Effect of CIE (100–300 mg/kg) on prevention of 4 Gy gamma-radiation–induced strand breaks in cellular DNA
in various tissues of mice, expressed as Olive Tail Moment: (a) bone marrow cells, (b) peripheral blood leukocytes,
(c) spleenocytes. Note: ***P < 0.001 and ns indicates ‘Not significant’ when compared with the respective control.
(d) Representative image of bone marrow cells of mice that received CIE (300 mg/kg) 1 h prior to irradiation with
4 Gy gamma radiation.
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Effect of CIE on peroxidation of lipids in tissues of mice
exposed to whole-body gamma radiation

Whole-body–irradiated mice showed elevated malondialdehyde
(MDA) levels, reflecting peroxidation of membrane lipids in liver,
kidney, heart, intestine and brain, while CIE administration signifi-
cantly brought down the levels of MDA to near-normal levels, sug-
gesting a decrease in radiation-induced membrane damage, as is
evident from the results presented in Table 5.

Effect of CIE on the tissue ultrastructure of the
gastrointestinal tract of whole-body–irradiated mice

Whole-body exposure of animals to gamma radiation (4 Gy)
resulted in alteration in tissue ultrastructure, particularly in the small
intestine as is characteristic of gastrointestinal syndrome.
Histopathological studies of the gastrointestinal system revealed that
24 h after 4 Gy gamma radiation, the irradiated mice exhibited
gastrointestinal damages as blunting of the villi, as can be seen in
Fig. 5b. In the animals administered with CIE, normal architecture
of the intestine tissue was discernible (Fig. 5c). These histopatho-
logical observations supported the previous results that CIE adminis-
tration could prevent ionizing radiation–induced damages [24, 25].

Effect of CIE on gamma radiation–induced strand breaks
Whole-body exposure of mice to 4 Gy gamma radiation caused
damage to cellular DNA of various tissues, such as blood leukocyte
bone marrow and spleen. The comet parameter Olive Tail Moment
was found to be increased in the irradiated groups. Oral administra-
tion of CIE to mice was able to prevent the formation of DNA
strand breaks, as evident from a decreased comet parameter. The
data are presented in Fig. 6a–c. Figure 6d is a representative image
of bone marrow cells of mice that were irradiated with 4 Gy gamma
radiation, with or without administration of CIE (300 mg/kg).

Effect of CIE on induction of micronuclei in mouse
reticulocytes

The number of circulating micronucleated reticulocytes were found to
be significantly increased in animals exposed to 4 Gy whole-body gamma
irradiation after 48 h. Oral administration of CIE 1 h before radiation
exposure significantly prevented this increase in the number of circulating
micronucleated reticulocytes (Fig. 7a). A representative image of a micro-
nucleated reticulocyte and a normal reticulocyte is shown in Fig. 7b.

Effect of CIE on gene expression in the intestinal cells
of mice exposed to 4 Gy whole-body gamma radiation

Genes involved in apoptosis, the inflammatory response and DNA
damage repair were evaluated in the intestinal tissue of whole-
body–irradiated mice.

The Bcl-2/Bax ratio is a classical marker for predicting the prob-
ability of a cell entering the apoptotic pathway. This ratio increased in
animals exposed to whole-body irradiation, while administration of
CIE could prevent the increase of the ratio, as can be seen in Fig. 8a.

Exposure of animals to 4 Gy whole-body gamma radiation upre-
gulated Cox-2 gene expression in intestinal tissue, and administra-
tion of CIE prevented the increased expression of Cox-2, as is
evident from the data presented in Fig. 8b.

Elevated Atm expression in intestinal cells of whole-body–irra-
diated mice indicated the activation of a DNA repair mechanism.
Expression of Atm in the irradiated CIE-treated group was found to
be lower than in the irradiated control group (Fig. 8c). The low
expression of Atm in this case could be ascribed to a reduced num-
ber of radiation-induced strand breaks in this group, which corrobo-
rates the results of the comet assay (where CIE administration was
found to reduce radiation-induced strand breaks).

A representative gel image of each gene is given in Fig. 8d.

Effect of CIE on gamma radiation–induced alterations
in survival period

Exposure to lethal doses of ionizing radiation results in mortality
due to irreparable damage to various organ systems. As presented in
Fig. 9, on the 17th day of irradiation 100% mortality was observed
in the group that received 8 Gy whole-body gamma radiation. Pre-
oral administration of CIE at various concentrations provided sur-
vival advantage to the animals. The group that received CIE
(300 mg/kg) showed a 30% survival at the end of 30 days. The P-
value obtained by comparison of the group that received 300 mg/kg
CIE with the irradiated control group was 0.0601. The result was
statistically significant (P < 0.10).

DISCUSSION
Ionizing radiation exerts its deleterious effects through direct action
on the vital cellular molecules and also by indirect action through

Fig. 7. (a) Effect of administration of CIE (100–300 mg/kg)
on the induction of micronuclei in mouse reticulocytes at
the 48th hour of 4 Gy whole-body gamma irradiation. Note:
***P < 0.001 when compared with the respective control.
(b) Representative image of mice peripheral blood stained
with acridine orange. The red cell with an orange spot in it
is the micronucleated reticulocyte.
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aqueous free radicals generated by radiolysis of water. Free radicals
generate a cascade pathway through which DNA, protein and carbohy-
drate get oxidized. Higher doses of ionizing radiation exposure cause
depletion to antioxidant enzymes to an unrecoverable status [26].
Radiation-induced direct and indirect DNA damage will lead to sin-
gle- or double-strand breaks that affect the fidelity of DNA replica-
tion and cause genomic instability and cell mortality [27]. Extracts
of several plants have been reported to give protection to mamma-
lian systems against the deleterious effects of ionizing radiation [28–
31]. These extracts contain a number of phytoceutical compounds,
and many of these individually and collectively act as radioprotec-
tors [32–34]. Plants are known to be a reliable source of antioxi-
dants, and many studies have shown the potential of plant-derived
antioxidant compounds to act as radioprotectors due to their ability
to mitigate the oxidative stress resulting from free radicals induced
by ionizing radiation [35].

The present study explored the mechanism of radioprotection in
mice administered with CIE through antioxidant assays, the alkaline
comet assay and the micronucleus assay. Radiation-induced oxidative
injury is attributed to the depletion of free radical scavenging enzymes
such as SOD, GPx, catalase and reduced GSH. Enhancement of the
antioxidants-mediated endogenous cellular defence mechanism has
prime importance in radioprotection. The administration of CIE to
irradiated mice elevated their cellular antioxidant status to a safe level.
Elevation of peroxidation of membrane lipids by ionizing radiation
was prevented by oral administration of CIE prior to irradiation. The
damage inflicted on the intestinal architecture by ionizing radiation
was also reduced by CIE administration; this may have been due to
the efficacy of CIE in scavenging free radicals.

The alkaline comet assay is an elegant and effective technique
for monitoring the extent of DNA damage. Whole-body–irradiated
mice showed DNA damage that was reflected in an increase in the

Fig. 8. (a) The Bax/Bcl-2 ratio of the intestinal tissue of mice exposed to whole body 4 Gy gamma radiation with or without
oral administration of various doses of CIE (100–300 mg/kg). The ratios were calculated from densitometric scans of the
PCR amplicons of the respective genes. Note: ‘***’ corresponds to P < 0.001, and ‘**’ corresponds to P < 0.01 when
compared with the respective control. (b) Levels of Cox-2 expression in the intestinal tissue of mice exposed to 4 Gy whole-
body gamma irradiation with or without oral administration of various doses of CIE (100–300 mg/kg). The densities relative
to Gapdh expression were calculated from densitometric scans of the PCR amplicons of Cox-2 and Gapdh. Note: ‘***’
corresponds to P < 0.001 when compared with the respective control. (c) Levels of Atm expression in intestinal tissue of mice
exposed to 4 Gy whole-body gamma irradiation with or without oral administration of CIE (100–300 mg/kg). The densities
relative to Gapdh expression were calculated from densitometric scans of the PCR amplicons of Atm and Gapdh. Note: ‘***’
corresponds to P < 0.001 when compared with the respective control. (d) Electrophoretic separation of RT–PCR on mice
intestine samples. Lane 1: unirradiated mice. Lane 2: 4 Gy irradiated animals. Lane 3: CIE (100 mg/kg) + 4 Gy. Lane 4: CIE
(200 mg/kg) + 4 Gy. Lane 5: CIE (300 mg/kg) + 4 Gy.
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comet parameter Olive Tail Moment. Administration of CIE before
irradiation prevented DNA damage, as observed from a decrease in
the comet parameter in a concentration-dependent manner, indica-
tive of its radioprotecting ability.

A decrease in the comet parameter indicates a decrease in strand
breaks. This decrease can be due to either legitimate repair of
damaged DNA or improper joining of strands. Improper strand
joining in precursors of blood cells will be reflected as micronuclei
in the peripheral reticulocytes, since these small fragments fail to
integrate properly into the nucleus. The percentage of micronu-
cleated reticulocytes of whole-body–irradiated mice after 48 h indi-
cates the extent of improper DNA repair; CIE-administered mice
had fewer micronucleus, revealing the augmentation of proper DNA
repair.

The small intestine is a very radiosensitive tissue [36], so the
effect of CIE on the expression of various genes was studied in this
tissue. Ionizing radiation can trigger the activation of various path-
ways such as apoptosis, DNA damage repair and inflammation.
Damaged cells are eliminated through apoptosis; DNA damage is
repaired through Atm; atr activation and damage to various tissues
induces the activation of inflammatory pathways.

Apoptosis is activated when ionizing radiation inflicts unrepair-
able damage on cells [37]. The elevated pro-apoptotic gene expres-
sion of Bax and decreased expression of anti-apoptotic Bcl-2 leads
to the pathway of radiation-induced programmed cell death in the
intestine. An increased Bax/Bcl-2 ratio is a classical marker for apop-
tosis [28]. The CIE-administered irradiated mice showed enhanced
anti-apoptotic gene expression and a simultaneous decrease in pro-
apoptotic gene expression, resulting in enhancement of cell survival
after irradiation.

CIE was able to maintain the tissue antioxidant levels at subcrit-
ical levels. This would have facilitated scavenging of the ROS pro-
duced inside the cells during the radiation exposure. Maintaining an
optimal level of cellular antioxidants could reduce radiation-induced

DNA damages [38, 39]. Lower levels of DNA damage will reduce
the recruiting of Atm to damaged sites [40, 41]. This was observed
in our results: groups that received CIE prior to radiation exposure
showed lower levels of Atm expression than the control group.

The inflammatory response is one of the major pathways acti-
vated during radiation exposure [42, 43]. Cox2 is one of the media-
tors of this pathway. Animals that received CIE prior to exposure to
radiation showed a decrease in Cox-2 expression, suggesting a
decrease in the inflammatory response. This result also suggests the
ability of CIE to inhibit initiation of the necrotic pathway by pro-
tecting cells from radiation-induced damages.

Exposure to lethal doses of ionizing radiation results in mortality
due to the failure of all the organ systems. The lethal effect of ioniz-
ing radiation was found to be reduced by the administration of CIE
in a concentration-dependent manner. This can be attributed to the
ability of this extract to provide protection against ionizing radi-
ation–induced deleterious effects in various tissues. Thus, the pre-
sent work provides compelling evidence suggesting the use of CIE
as a radioprotector in cases of planned exposure to ionizing
radiation.
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