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Summary
This study was carried out to evaluate the radioprotective potential of aqueous extract of seeds of

Aframomum melegueta (A.M.) against gamma radiation-induced (6Gy) liver damage in male Wistar rats.
Thirty male rats were randomly distributed into six groups of five animals each and aqueous extract of A.M.
was administered at a dose of 200 or 400 mg/kg b. wt., orally for 2 weeks prior to irradiation and 4 weeks
after irradiation, when they were sacrificed. The hepatic antioxidant status; reduced glutathione (GSH),
catalase (CAT) and glutathione peroxidase (GPx) as well as the extent of lipid peroxidation (LPO) were
estimated. The activities of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
were determined and histological examination was carried out. Exposure of animals to irradiation
significantly increased LPO levels in comparison with the normal control group, reduced the level of GSH
as well as CAT and GPx activity. On the other hand, there was a significant elevation in the activities of
serum ALT and AST after irradiation exposure. Administration of aqueous extract of A.M. at a dose of 200
or 400 mg/kg before and after irradiation significantly decreased the elevated levels of LPO, restored GSH
level near normal and enhanced CAT and GPx activities as well as significantly decreasing the elevated
levels of serum ALT and AST activities. The histological examination and results from this study collectively
indicate that aqueous extracts of A.M. could protect the liver from radiation-induced damage probably by
enhancing the hepatic antioxidant defense mechanism in rats.
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INTRODUCTION

Exposure to ionizing radiation, either acciden-
tally, intentionally for therapeutic purposes, occu-

pational hazard or as warfare threat, is of deep con-
cern to mankind. The adverse effects of radon, ura-
nium on miners, especially with reference to lung
cancer, lymphatic and hematopoietic tissue malig-
nancies are well documented in the literature [1,
2]. Also, a lot of interest has been generated wor-
ldwide in the area of radioprotection for the first
responders whenever they are on the site emergen-
cies. A chief modality in radiotherapy for the tre-
atment of cancer faces major drawbacks mainly
due to the severe side effects generated as a result
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of normal-tissue damage [3]. Most radiation-induced
changes arise from an interaction of free radicals with
biological molecules. Molecules with the ability
to scavenge free radicals can therefore serve
as radioprotective molecules in preventing
radiological damage [4 - 8].

Aframomum melegueta is a tropical herbaceous
perennial plant of the genus Aframomum belonging
to the family zingiberaceae (ginger family). Some
common names are Grains of paradise, Melegueta
pepper, Alligator pepper, Guinea grains or Guinea
pepper and in South east of Nigeria, it is called Osei-
oji. The dark brown seeds engulfed in fleshy pods
have pungent peppery taste due to aromatic ketones
[9].  The nutrional, antinutients and antimicrobial
studies of some of the Nigerian spices has been done
[10 - 12]. Antimicrobial activity of the seed
of Aframomum melegueta has been attributed
to the presence of phenolic compounds and remain
the standard with which other bactericides are
compared [13]. Extracts from Aframomum melegueta
have been used to treat wounds and prevent
infections [14]. The present study investigates
the radioprotective potentials of Aframomum
melegueta on γ-radiation-induced liver damage
in male Wistar rats.

MATERIALS AND METHOD

Preparation of plant extracts

Freshly harvested seeds of Aframomum melegueta
were obtained from Ojoo market, in Ibadan, Nigeria
and were identified and authenticated in the Herbarium
of the Botany Department, University of Ibadan. Seeds
were air dried in the laboratory at ambient conditions;
two kilograms of the seeds were pulverized into
powder using a manual Corona hand grinder in the
laboratory. One kilogram from crushed seeds was
extracted with 1500 ml of distilled water by being
macerated for 72 hours using distilled water.
The aqueous seed extract was concentrated
on a Bucchi Rotavap R114 at 60°C under reduced
pressure. The percentage yield was 4.9%. The extract
was dissolved in normal saline and aliquots of different
concentrations were given orally by gavage.

Chemicals

Thiobarbituric acid (TBA), Ellmans reagent
(DTNB), glutathione (GSH) and bovine serum

albumin (BSA) were purchased from Sigma
Chemical (St Louis, MO, USA). Randox alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), and triglyceride (TG) assay kits were
purchased from ABJ Chemicals (Lagos, Nigeria). All
other chemicals were commercially available
at the highest purity.

Animals

Thirty male Wistar rats weighing between 173-
225 g were purchased from the Animal House of the
Physiology Department, University of Ibadan,
(Ibadan, Nigeria). The animals were housed in well
ventilated cages at room temperature, were
maintained on normal laboratory chow (Ladokun
Feeds, Ibadan, Nigeria) and water ad libitum.

Irradiation

The animals were exposed to a single dose of 600
rads (6 Gy) of whole- body  gamma radiation from
a 60Co source gamma chamber (Model 220, Atomic
Energy of Canada Ltd.) used in the Radiotherapy unit
of the University College Hospital (Ibadan, Nigeria).
Unanaesthestized rats were kept immobilized
in a specially designed well-ventilated acrylic container
and irradiated in a group of 5 rats which was arranged
in a way that ensured each received equal unilateral
exposure; the source to skin distance was 70cm.

Experimental design

The rats were randomly distributed into six
groups of 5 animals each. Group I (CL) served as
a negative control and received saline solution only;
Group II (RA) was a positive control irradiated by
6Gy, Group III (A.M. 200 mg/kg b. wt) was
administered with A.M. extract 200 mg/kg b. wt,
Group IV (RA + A.M. 200 mg/kg b. wt) was
irradiated by 6Gy and treated with A.M. extract
200 mg/kg b. wt, Group V (A.M. 400 mg/kg b. wt)
received A.M. 400 mg/kg b. wt while; Group VI (RA
+ A.M. 400 mg/kg b. wt) was irradiated by 6Gy and
applied with A.M. 400 mg/kg b. wt. The rats were
weighted prior to the commencement of
the experiment and at the end of the experiment.

Preparation of serum, tissue and histological
samples for analysis

Twenty eight days after irradiation, the animals
were sacrificed 24 hours after the last dose of
the extract by cervical dislocation. Blood samples were
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collected into plain centrifuge tubes (obtained from
ABJ Chemicals, Lagos, Nigeria) by heart puncture
and were allowed to stand for 1 hour for complete
clotting. The clotted samples were centrifuged
at 3,000 g for 15 minutes to separate the serum, which
was subsequently used for the assays. Liver samples
were quickly incised and washed in ice-cold 1.15%
KCl (Sigma Chemical, St Louis, MO, USA) solution,
dried using filter paper and weighed. The incised
tissues were then homogenized in 4 volumes
of 56 mM Tris-HCl (Sigma Chemical, St Louis, MO,
USA) buffer (pH 7.4) containing 1.15% KCl, and then
centrifuged at 10,000 g for 15 minutes.
The supernatants were collected and stored at -20 C
until analyzed. Small pieces of liver sections were
fixed in with 10% neutral buffered formalin (ABJ
Chemicals, Lagos, Nigeria) for histological assessment
which was carried out in the Department of Veterinary
Anatomy, University of Ibadan, (Ibadan).

Biochemical assays

Quantification of the protein was performed by
Biuret method [15] with bovine serum albumin
(Sigma Chemical, St Louis, MO, USA) (BSA)
as standard. Lipid peroxidation was assayed by
measuring thiobarbituric acid reactive substances
(TBARS) as described by Varshney and Kale [16],
Catalase (CAT) activity was done by measuring
the rate of decomposition of hydrogen peroxide

at 570 nm as described by Sinha, [17]. Reduced
glutathione (GSH) level was determined by measuring
the rate of formation of chromophoric product
in a reaction between DTNB (Sigma Chemical,
St Louis, MO, USA) (5,5´-dithiobis- (2-nitrbenzoic
acid) and free sulphydryl groups at 412 nm [18]. GPx
was determined by the method by Hafeman et al. [19]
based on the degradation of H2O2 (Sigma Chemical,
St Louis, MO, USA) in the presence of GSH.

Statistical analysis

All values were expressed as the mean ± S.D.
Data were analyzed using One-way analysis of
variance (ANOVA) followed by the post-hoc LSD
test for analysis of biochemical data using SPSS
(Statistical Package for the Social Sciences®; SPSS
Inc, Chicago, IL) version 10.0 statistical software.
P < 0.05 was considered statistically significant.

RESULT

No animal died prior to scheduled sample
collection. Group II (positive control) showed
significantly decreased body weight as well as
a significant decrease in protein contents (serum
and liver) as compared to group I (negative
control, Table 1).
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Table 1. Effect of A.M. on Body Weight, Serum and Liver protein (mean ± S.D., n = 5) 

Mean differences are significant (P<0.05) when compared with: a control group (CL), b irradiated group (RA)

Groups Percentage body weight Increase (%) Protein, mg/g
Serum                                              Liver

Group I 12.11 6.17 ± 0.30 b,a 2.47 ± 0.27 b,a

Group II -11.57 4.79 ± 0.61 a,b 1.84 ± 0.20 a,b

Group III 11.94 4.87 ± 0.19 a,b 2.24 ± 0.25 a,b

Group IV 8.50 5.35 ± 0.30 a,b 2.58 ± 0.24 a,b

Group V 10.26 5.55 ± 0.29 a,b 2.63 ± 0.23 a,b

Group VI 6.71 4.75 ± 0.18 b,a 2.34 ± 0.15 a,b

Exposure to radiation caused a significant
increase in lipid peroxidation levels (group II)
compared with the negative control group.
Administration of varying dose of A.M. before and
after radiation (group III – VI) revealed significant
reduction in lipid peroxidation levels when compared
with the positive control, but still, the values were
higher than in negative control animals (Table 2). 

In the same manner, data on ALT and AST
activity revealed that radiation exposure resulted in
a significant elevation of activities of both in serum
compared with the negative control, while treatment
with varying dose of A.M.  before and after radiation
(group III –VI) led to a significant reduction in the
elevated levels of ALT and AST activities compared
with the positive control (Table 2).
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Furthermore, a significant reduction was
observed in GSH level as well as CAT and GPx
activities of irradiated animals compared with
the negative control. Interestingly, A.M.

supplementation before and after radiation showed
a significant elevation in the GSH level as well as
CAT and GPx activities when compared with
the positive control group (Table 3).
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Table 2. Effect of A.M. on hepatic LPO levels and serum ALT and AST activities (mean ± S.D., n = 5)

Mean differences are significant (P<0.05) when compared with: a control group (CL), b irradiated group (RA)

Groups LPO
(nmol/mg/protein) ALT (UI/L) AST (UI/L)

Group I 6.02 ± 0.80 18.21 ± 1.01 b 24.33 ± 2.08 b

Group II 12.38 ± 0.23 a 32.00 ± 0.7 a 51.00 ± 1.41 a

Group III 6.81 ± 0.6 b 20.45 ± 0.63 a,b 26.67 ± 0.58 b

Group IV 8.48 ± 0.48 a,b 27.20 ± 1.19 a,b 31.5 ± 1.73 b

Group V 6.46 ± 0.20 b 20.00 ± 1.01 a,b 26.33± 0.58 b

Group VI 8.16 ± 0.19 a,b 22.91 ± 0.27 a,b 28.00 ± 1.4 b

Table 3. Effect of A.M. on hepatic antioxidant system (mean ± S.D., n = 5)

Mean differences are significant (P<0.05) when compared with: a control group (CL), b irradiated group (RA)

Groups GSH
(nmol/mg protein)

CAT
(U/mg protein)

GPx
(nmol/mgprotein/min)

Group I 23.30 ± 0.86 298.00 ± 18.37 b 95.45 ± 3.85 b

Group II 10.75 ± 0.59 a 222.82 ± 8.37 a 90.55 ± 0.18 a

Group III 22.67 ± 0.38 b 301.18 ± 1.93 b 94.20 ± 4.06 b

Group IV 19.67 ± 0.52 a,b 291.70 ± 27.51 b 92.43 ± 1.80 b

Group V 26.5 ± 0.94 b 301.17 ± 12.37 b 95.10 ± 4.31 b

Group VI 23.50 ± 0.66 b 292.27 ± 17.26 b 94.50 ± 3.91 b

The histological examination of H&E stained
tissue sections showed that animals pre-treated with
the varying dose of A.M. following radiation
exposure showed minimal damage with a recovery
pattern in a dose-dependent manner compared with
radiation-exposed animals (Fig. 1)

DISCUSSION

Exposure to radiation generates reactive oxygen
species (such as superoxide radicals, hydroxyl
radicals, iron oxygen complexes, hydrogen peroxide
and lipid peroxides) resulting in oxidative damage to
cell membranes, disturbance in metabolism as well
as in structure and function of body organs [20 - 22].
Different medicinal plants have been evaluated for

their potential effects as a radioprotective agent. To
our knowledge, no studies have been done to
investigate the protective role of aqueous extract of
Aframomum melegueta against a gamma radiation
(6Gy) induced liver damage.

The observed changes in body weight of the rats
given the plant extract prior to irradiation and after
irradiation shows the aqueous extract of Aframomum
melegueta has a significant effect of controlling
the loss of body weight which is caused during
irradiation. Membrane lipids succumb easily
to deleterious actions of reactive oxygen species
(ROS). [23] (Reiter, 1995). It is an established fact
that increases in ROS generation as a result
of radiation exposure may adversely interfere with
protein metabolism probably by inhibiting
the synthesis of proteins such as albumin in the liver.
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Figure 1. Histological analysis of liver sections. Liver tissues were stained with H&E (×400).

A. Group 1: showing normal liver histology, no abnormalities was seen.
B. Group 2: showing massive and severe sinusoid infiltration by inflammatory cells.
C. Group 3: showing normal liver histology.
D. Group 4: showing mild congestion in the venule and fat deposit.
E. Group 5: showing normal liver histology.
F. Group 6: showing mild infiltration of inflammatory cells, fair normal histology.
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Therefore, decrease in serum and liver protein might
be a result of excessive free radicals generated during
exposure and subsequent changes in the permeability
of the liver cells [24, 25].

Results from the present study demonstrated that
exposure to radiation led to an increase in the level
of lipid peroxidation. This is an indication that there
was an overwhelming effect of the pro-oxidant
on the endogenous antioxidant system which resulted
in oxidative stress. Inhibition of lipid peroxidation
observed when animals were treated with A.M.
extract could be attributed to the presence to the free
radical scavenging properties and the antioxidant
activities of the extract that decreased the overload
on the endogenous body antioxidants. The observed
result is in agreement with earlier studies [26, 27].

In the present study, exposure to gamma radiation
(6 Gy) induced hepatotoxicity as manifested by
increase in serum ALT and AST. The marked
elevation in the levels of serum ALT and AST as
a result of exposure to radiation might be due
to the release of these enzymes from the cytoplasm
into the blood circulation rapidly after rupture
of the plasma membrane and cellular damage [28,
29]. The significantly decreased ALT and AST
activities in animals treated with varying dose
of A.M. extract suggests that the extract is not toxic
or does not compromise the integrity of the liver but
is possibly hepatoprotective [30, 31]

On the other hand, irradiation caused a decrease
in the level of hepatic GSH as well as CAT and GPx
activity. Our results confirm those previously
reported [32 - 34]. The liver is a vital organ
of the body which reflects radiation-induced changes.
GSH plays an important role in the antioxidant
effects, nutrient metabolism and regulation of cellular
events [35]. Perturbation of the GSH status
of a biological system has been reported to have
deleterious effect [36]. Decrease in level of GSH
reduces the capacity of the antioxidative systems and
increases the vulnerability of hepatic tissue,
particularly to oxidative stress. 

GSH effectively scavenges free radicals and other
oxygen species through nonenzymatic and enzymatic
process. GPx utilizes it for the decomposition of lipid
hydroperoxides and other reactive oxygen species
(ROS) and glutathione-S-transferase (GST)
maximizes the conjugation of free radicals and
various lipid hydroperoxides to GSH to form water-
soluble products that can be easily excreted out, [34].

Consistently with our biochemical findings, results
obtained from the histological examinations suggest
that treatment with A.M. extract prior and after
irradiation ameliorate the extent of hepatocellular
damage as a result of radiation exposure.

Taken together, administration of Aframomum
melegueta at a dose of 200 or 400 mg/kg showed
a general protective and ameliorative effect
of gamma radiation-induced liver damage. 400
mg/kg would be recommended for future use since
there is no evidence of toxicity at this dose.
The protective and ameliorative effect
of Aframomum melegueta could be attributed
to the bioactive constituents present in the extract
which possibly acts as a free radical scavenger.
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