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ABSTRACT: Aframomum melegueta (Alligator pepper) is a tropical plant that belongs to the
Zingiberaceae (Ginger) family, consumed for its culinary and health benefits. This study
investigated the therapeutic efficacy of ethanolic seed extract of Aframomum melegueta at
ameliorating paraquat-induced ovarian toxicity in rat models. Thirty female Wistar rats were
divided into control and five test groups (n=5). Group 1 (Control) received feed and water,
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while other groups (2-6) were treated orally and daily for 4 weeks as follows; group 2 (400
mg/kg b.w. of Aframomum meleguate seed extract); group 3 (200 mg/kg b.w. of Aframomum
meleguate seed extract); group 4 (20 mg/kg b.w. of paraquat); group 5 (co-administration of
20 mg/kg b.w. of paraquat and 400 mg/kg b.w. of Aframomum meleguate seed extract); group
6 (co-administration of 20 mg/kg b.w. of paraquat and 200 mg/kg b.w. of Aframomum
meleguate seed extract). At the end of the experiment, oxidative stress markers (malondi-
aldehyde (MDA) and superoxide dismutase (SOD)), estradiol levels, and histology of the
ovaries were assessed. Data obtained were analyzed using SPSS version 23 software. Oral
gavage of paraquat caused ovarian degeneration, development of ovarian cysts, reduced sera
estradiol levels, and higher MDA levels, while SOD levels were reduced (p<0.05) when
compared to Control. Co-administration of paraquat with ethanolic seed extract of
Aframomum melegueta however, improved all these parameters (ovarian histoarchitecture,
MDA, SOD, and sera estradiol levels). Aframomum melegueta thus has a strong antioxidant
capability, acting in a dose-dependent manner to ameliorate ovarian toxicity induced by
paraquat in Wistar rat models.
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INTRODUCTION:
Background of Study: Paraquat (1, 1’-Dimethyl-

membranes allowing water to escape leading to
rapid desiccation of foliage 2. It is the second

4, 4’-bipyridinium dichloride) is a potent, rapidly
absorbed herbicide * that destroys plant tissue by
disrupting photosynthesis and rupturing the cell
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highest-selling weed killer globally and is available
in varying concentrations that require dilution prior
to use °.

Paraquat is toxic to animals, including humans. Its
toxicity mechanism is often associated with the
production of superoxide anions that leads to the
production of large amounts of the reactive oxide
species (ROS) such as hydrogen peroxide and
superoxide anion *.
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These two free radicals are considered as
paraquat’s major toxicants *. Its ingestion can lead
to severe and often fatal toxicity °. After absorption
via the gastrointestinal tract, paraquat is distributed
to highly perfused organs such as lungs, kidneys,
liver, and muscles and remains partly in
intravascular spaces °. Paraquat accumulation in the
lung tissue exerts a destructive effect, leading to
hypoxemia, requiring mechanical ventilation ’. Its
ingestion results in inflammation of the tongue, oral
mucosa and throat; as well as corrosive injury to
the gastrointestinal tract, renal tubular necrosis and
hepatic necrosis °. Dermal exposure also has been
reported to result in severe paraquat poisoning °.
Paraquat is not actively metabolized in the body,
and more than 90% is excreted unchanged by the
kidneys °. Paraquat also causes damage in the
ovaries in experimental animals ® and has adverse
effects on the production of female sex hormones
and oogenesis process ¥ thus causing disturbances
in both sexual development and fertility.

The use of herbal products to treat conditions
arising from exposure to hazardous chemicals is
widespread throughout the world™® providing a
potent, alternative, and readily available source of
therapy. Aframomum melegueta (Alligator pepper)
is a spice that is widely used in many cultures for
entertainment, religious rites, food flavouring, and
as a part of many traditional medications 2 It is a
tropical herbaceous perennial plant of the genus
Aframomum belonging to the family Zingiberaceae
(Ginger family) 2. The seeds have pungent peppery
taste due to the presence of aromatic ketones **. It
is a plant with both medicinal and nutritive values
found commonly in the rain forest region®®,

Seeds of Aframomum melegueta contain
phytochemicals such as alkaloids, tannis, saponin,
steroid, cardiac glycoside, flavonoid, terpenoids
and phenol **. These biological flavonoids protects
against allergies, inflammation, platelet aggregation,
microbes, ulcer, hepatoxins, virus and tumour *°
and are also used to treat diarrhoea and other
gastrointestinal disorders, snake bites, intestinal
worms, pains and other diseases '°. The seed of
Aframomum Melegueta also contains gingerol (an
inhibitor of prostaglandins and leukotriene
synthesis), justifying its anti-inflammatory effect *'.
Investigations have also shown that the seeds
significantly inhibit the activities of human
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microsomes CYP 3A5 and 3A7 in-vitro

suggesting that Aframomum melegueta seed
extracts may have bio enhancer effects on drugs
metabolized by CYP 3A enzyme *°. Despite the use
of Aframomum melegueta extracts to provide a
variety of soothing effects, there is a dearth in
information on the ameliorative effect of ethanolic
seed extract of Aframomum melegueta on paraquat-
induced ovarian toxicity in an animal model, thus
the need to carry out this research.

MATERIALS AND METHODS:

Location, Duration and Ethical Approval for the
Study: This study was carried out at the
Department of Anatomy, Faculty of Basic Medical
Science, Nnamdi Azikiwe University, Nnewi
Campus, Anambra State, Nigeria. The animals were
acclimatized for two weeks, after which substrate
samples were administered for the period of twenty
eight days (4 weeks). Ethical approval for this
study was obtained from the Ethical Committee of
the Faculty of Basic Medical Sciences, Nnamdi
Azikiwe University, Nnewi Campus.

Animal Procurement, Care and Treatment:
Fifty-five (55) adult female rats weighing between
130-200g were purchased from a private farm in
Okofia, Nnewi, Nnewi North L.G.A, Anambra
State and housed in well-ventilated stainless-steel
rat cages under room temperature (27 °C - 31 °C)
throughout the course of the experiment at the
Animal House of the Faculty of Basic Medical
Sciences, Nnamdi Azikiwe University, Nnewi
Campus. They were fed with a standard rat diet and
water ad libitum. They were allowed to acclimatize
for a period of two weeks. After acclimatization,
we used a total of 25 of these Wistar rats to
determining the Median lethal dose for both
paraquat and ethanolic seed extract of Aframomum
Melegueta, while 30 of them were used for the
experiment proper.

Procurement of Paraquat: Paraquat in the form
of Paraquat Dichloride (276g/l) solution was
procured from the Agro-allied division of New
Market Owerri, Imo State, Nigeria, and the
appropriate dose for both acute toxicity test and
experiment proper were prepared at the Department
of Human Physiology, Faculty of Basic Medical
Sciences, Nnamdi Azikiwe University, Nnewi
Campus, Anambra state.
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Procurement of Aframomum Melegueta Seeds
and Preparation of Ethanolic Seed Extract of
Aframomum melegueta: One kilogram of dried
seeds of Aframomum melegueta (Alligator pepper)
were purchased from Nkwo Market in Nnewi,
Nnewi North Local Government Area of Anambra
state. The seeds were ground using a local grinder
into a coarse powder. The ethanolic seed extract of
Aframomum meleguate was prepared according to
the method described by Aprioku *° with slight
modification.

Briefly, 250g of the ground seed was soaked in
100ml of 98% ethanol (BDH England) for 48 hours
with intermittent shaking, after which it was sieved
using porcelain cloth and was further filtered using
Whatman no. 1 filter paper into a clean glass
beaker. The filtrate was concentrated using a digital
rotary evaporator (TT-S2 Tech men and Tech men
USA) and was further dried using a thermostat
oven (DHG-9023A PEC medicals USA) into a
semi-solid substance and was stored in the
refrigerator (Nexus) at 4 °C.

Toxicity Test for Ethanolic Extract of
Aframomum melegueta  and Paraquat:
Determination of the median lethal dose (LDso) for
ethanolic seed extract of Aframomum melegueta
and Paraquat were both carried out in the Department
of Human Physiology, Faculty of Basic Medical
Sciences, Nnamdi Azikiwe University, Nnewi
Campus, Nigeria. This was determined using the
method as described by Lorke #* with slight
modification.

LDsy of ethanolic seed extract of Aframomum
meleguate was found to be above 5000mg/kg,
while that of Paraquat was found to be
approximately 50mg/kg via the oral route in adult
female Wistar rats.

Experimental Design and Protocol: After
acclimatization and toxicity tests, the animals were
weighed and divided into six groups (1-6) of five
animals each. Group 1 served as control and
received only feed and distilled water ad libitum
throughout the duration of the experiment. Group 2
received 400mg/kg b.w. of ethanolic seed extract of
Aframomum meleguate; Group 3 received 200
mg/kgb.w. of ethanolic seed extract of Aframomum
meleguate; Group 4 received 20 mg/kg b.w. of
paraquat daily; Group 5 received a co-
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administration of 20 mg/kg b.w. of paraquat and
400 mg/kg b.w. of ethanolic seed extract of
Aframomum melegueta, while Group 6 received a
co-administration of 20 mg/kg b.w. of paraquat and
200 mg/kg b.w. of ethanolic seed extract of
Aframomum melegueta. All substrates were
administered orally once a day between the hours 9
am to 11 am and for 4 weeks by carefully inserting
a syringe with a cannula affixed on it into the oral
cavity of the experimental animals. The
concentration of paraquat used was obtained after a
careful and in-depth analysis of previous works
done using paraquat %> %* %*. During the course of
this experiment, the Guide for the Care and Use of
Laboratory Animals was strictly followed 2.

Termination of Experiment, Blood Samples
Collection and Organ Extraction: This
experiment lasted for four weeks. Twenty-four
hours after the last extract was administered to the
animals, we sacrificed the rats under chloroform
anaesthesia. Blood samples were collected through
ocular puncture, into plain blood specimen bottles.
Sera were separated using a centrifuge and
collected in plain specimen bottles, and stored in a
refrigerator for serum estradiol assay. Afterward, a
midline abdominal incision was made, and the
ovaries were quickly dissected out, weighed, and
fixed in 10% formal saline for histological
processing.

Estimation of Oxidative Stress Level: Superoxide
dismutase (SOD) and malondialdehyde (MDA)
tests were carried out to determine the anti-
oxidative and oxidative stress levels in the ovaries
of the animals. SOD tests evaluate the anti-
oxidative level while MDA levels determine the
oxidative stress in tissues. We prepared the
homogenates of the ovaries for determination of
oxidative stress using the method as described by
Balahoroglu et al. %

Determination of Ovarian MDA: This was
carried out using the method as described by
Ohkawa et al. 2" Briefly, the left ovaries of each
experimental animal were homogenized in
potassium phosphate buffer 10mM with a pH of
7.4. This homogenate was centrifuged for 15 min in
a cold centrifuge, and the resultant supernatant was
used spectrophotometrically to determine ovarian
tissue MDA by measuring the thiobarbituric acid
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reactive substance (TBARS). Results obtained were
recorded in nmol/g.

Assay of SOD Activities: Ovarian SOD activity
was determined using the method as described by
Sun et al. ?® In summary, a reagent consisting of
0.3mM xanthine, 0.6mM NaEDTA, 0.15mM
nitroblue tetrazolium (NBT), 0.4M Na,COg, and 1
g/l bovine serum albumin was mixed with 0.5 ml of
crude ovarian homogenate. To initiate the reaction,
50ul of 167 U/L of Xanthine oxidase was used.
Reduction of nitroblue tetrazolium (NBT) by
superoxide anion radicals was the benchmark used
to quantifying the absorbance at 560nm.
Superoxide dismutase (SOD) activity in the ovaries
were expressed as U/ml.

Estimation of Estradiol Level: Sera estradiol
levels were analyzed with the aid of enzyme-linked
immunosorbent assay (Elisa) kits by employing the
method as described by Shi et al., # while
following the manufacturer’s manual guide. Values
obtained were documented in ng/ml.

Tissue Processing and Photomicrography: The
fixed ovaries were processed at the Histopathology
Laboratory of the International Centre for Research
and Cancer Diagnosis, Abakiliki, Ebonyi State.
This histological method of processing tissues
involved various stages of preparing, cutting,
staining, and examination of histological slides for
histological report used basically in Haematoxylin
and Eosin method of the tissue preparation. Slides
of ovaries processed were viewed with the aid of a
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light microscope (Olympus XS2-107BN, Japan)
and micrographs subsequently taken with a
photomicroscope (Olympus, Japan).

Data Analysis: Raw data we collected, such as
estradiol levels, malondialdenyde (MDA) levels,
and superoxide dismutase (SOD) levels, were
analyzed using ANOVA and student t-test of SPSS
version 23 software package and recorded as mean
+ standard error of the mean. Data were considered
to be significant at p<0.05.

RESULTS:

Effect of Co-administration of Ethanolic Seed
extract of Aframomum melegueta and Paraquat
on Malondialdehye (MDA) and Superoxide
dismutase (SOD) Levels: Result from our study
and presented in Fig. 1 showed that there was
significantly higher MDA levels (p<0.05) in group
4 (that received 20 mg/kg b.w. Paraquat) when
compared to Control (group 1). When compared to
other test groups, group 4 had statistically higher
MDA levels (p<0.05).

On the other hand, there were significantly lower
SOD levels (p<0.005) in the homogenates of the
ovaries of Group 4 when compared to Group 1
(control) as shown in Fig. 1. Similar statistical
values were recorded in other groups (groups 2, 3,
5 and 6) when compared to control indicates the
ability of ethanolic seed extract of Aframomum
meleguate to cause an increase in SOD levels
despite paraquat administration, thus exhibiting
strong anti-oxidative ability.

MOA (nmolmi)

nil,,h'

$00 (W)

Group

FIG. 1: BAR CHART SHOWING THE EFFECT ON ETHANOLIC SEED EXTRACT ON AFRAMOMUM
MELEGUETA AND PARAQUAT ON MDA AND SOD LEVELS. a = p<0.05 compared to control (group 1), b = <0.05

compared to group 4 (that took 20 mg/kg of paraquat for 4 weeks)

Effect of Ethanolic Seed Extract of Aframomum
meleguate and Paraquat on estradiol Level in
Adult Female Wistar Rats: Results obtained from
the current study showed that the sera level of
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estradiol in Group 4 (administered 20mg/kgb.w. of
paraquat) was significantly decreased when
compared with Group 1 (control) (p<0.05). The
highest level of estradiol (84.75ng/ml) was found in
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Group 1 (Control), which was fed with food and
water, as shown in Fig. 2.
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FIG. 2. BAR CHART SHOWING THE EFFECT OF
ETHANOLIC SEED EXTRACT OF AFRAMOMUM
MELEGUETA AND PARAQUAT ON ESTRADIOL LEVEL

Activities of Aframomum melegueta in this study
show both protective and ameliorative properties
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against would have been paraquat-induced ovarian
toxicities when compared to Group 4.

Histopathological Findings: When we viewed the
histological sections of the ovary under a light
microscope (Olympus XS2-107BN, Japan), varying
degrees of histoarchitectural alterations were
observed. Oral paraquat exposure affected the
ovarian architecture, causing degeneration of the
ovarian tissue with numerous ovarian cyst (OC)
and severe aggregate of an inflammatory cell
(SAIC) within the medulla visible. Nevertheless,
we observed that co-administration of paraquat
with ethanolic seed extract of Aframomum
melegueta provided an ameliorative effect on the
general histology, as ovarian cysts were absent and
also visible were various stages of follicular
development as presented in Fig. 3.

FIG. 3: PHOTOMICROGRAPHS OF THE HISTOLOGY OF RAT OVARIES SHOWING THE EFFECT OF CO-
ADMINISTRATION OF ETHANOLIC SEED EXTRACTS OF AFRAMOMUM MELEGUETA (ALLIGATOR PEPPER)

AND PARAQUAT

Fig. 3 Photomicrograph of rat ovary fed with
ethanolic seed extracts of Aframomum melegueta
(Alligator pepper) and Paraquat. a: Group 1
(Control) showing normal ovarian tissue with
different stages of follicular development, mature
graaffian follicle (GF), and corpus luteum (CL), the
medulla shows normal whorled ovarian stroma
(WQOS). b: Group 2 (400 mg/kg b.w of Aframomum
melegueta seed extract) showing ovarian tissue
with different stages of follicular development
(FD). c: Group 3 (200 mg/kg b.w. of Aframomum
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melegueta seed extract) showing ovarian tissue
with graaffin follicle (GF) and whorled ovarian
stroma (WOS). d: Group 4 (20mg/kg b.w.
paraquat) showing degeneration of the ovarian
tissue with numerous ovarian cyst (OC) and severe
aggregation of an inflammatory cell (SAIC) within
the medulla. e: Group 5 (co-administered with 20
mg/kg b.w. paraquat and 400 mg/kg b.w. of
Aframomum melegueta seed extract) showing
growing follicles (GF). f: Group 6 (co-administered
with 20 mg/kg b.w. paraquat and 200 mg/kg b.w.
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of ethanolic seed extract of Aframomum melegueta)
showing the presence of ovarian follicle (OF).

DISCUSSION: This study investigated the effect
of co-administration of ethanolic seed extract of
Aframomum melegueta (Alligator pepper) and
paraguat on the ovaries of adult female Wistar rats.

We observed significantly higher ovarian MDA
levels (p<0.05) in group 4(that received 20 mg/kg
b.w.) when compared to the control. The analysis
also revealed significantly lower (p<0.005) ovarian
SOD and sera estradiol levels in Group 4 when
compared to control. Oral paraquat exposure
caused degeneration of the ovarian tissue with
numerous ovarian cyst and severe aggregation of
inflammatory cells within the medulla of the
ovaries. However, co-administration with ethanolic
seed extract of Aframomum melegueta provided
soothing effects as all parameters investigated
(malondialdehyde, superoxide dismutase, estradiol
levels and histology of the ovaries) were close to or
similar to that of control in animals co-
administered with paraquat and graded doses of
ethanolic seed extract of Aframomum melegueta.

Paraquat is generally harmful to animals and has
been documented to produce a lot of deleterious
effects and cause reduced production of female sex
hormones and oogenesis process via oxidative
stress °. This is propagated through its interference
with electron transfer and producing reactive
oxygen species (ROS) in the process *. ROS,
which includes but is not limited to superoxide
radicals, hydroxyl radicals, hydrogen peroxide, and
singlet oxygen, are normally produced as by-
products of normal body metabolism 3% % A
system with low levels of ROS aids essential
physiological and biochemical processes. However,
excessive ROS that overwhelms the body’s defense
abilities as we observed in this current research via
higher levels of MDA (a marker for ROS) in
experimental animals that received paraquat alone
when compared to other experimental groups, has
detrimental effects on cellular components (DNA,
proteins, and lipids) via lipid peroxidation and
activation of NF-kB, leading to mitochondrial
damage and apoptosis in many organs **3* DNA is
usually damaged due to oxidative reaction and
nitration of DNA bases, potentially causing
mutations *°.
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This undoubtedly could cause alterations in protein
synthesis and reduction in biochemical activities
such as hormone production, altering cellular
membrane, and inducing apoptosis, as we observed
in this study. On the other hand, lipid peroxidation
iIs a biochemical process where oxidants (free
radicals) cause the breakdown of lipids resulting in
the formation of lipid peroxyl radicals and hydro-
peroxides that alter not only tissue membranes but
also enable protein, lipid, lipoprotein, and DNA
damage in tissues ¥ %

The mechanism by which paraquat causes cellular
apoptosis involves the alteration in the expression
of the genes that belong to the Bcl-2 family (Bcl-2,
Bcl-X, Bax, and Bad) that regulates apoptosis.
This is achieved by promoting the inhibition of
genes that block apoptosis (Bcl-2 and Bcl-X,) and
cause the expression of genes (Bax and Bad genes)
that propagate programmed death 3 *°. We do
believe that a combined cascade of these
deleterious oxidative reactions probably caused the
adverse effect observed in the ovaries of
experimental animals that received paraquat alone
in this study.

Seeds of Aframomum melegueta contain several
trace minerals (Phosphorus, Potassium, Magnesium,
Calcium, Zinc, Manganese, Iron, Sodium, and
Copper) and phytochemicals such as flavonoids,
saponins, tannins, Alkaloids, and phenols “.
Phenolic compounds found in  Aframomum
melegueta, such as gingerol, shogaols, and paradol
 have powerful radical scavenging activities,
chain-breaking activities, H,O,-scavenging, and
reducing capacities *. They act via the reduction of
serum levels of thiobarbituric acid reactive
substances (TBARS) **. TBRARS are formed when
MDA (an end product of lipid peroxidation) reacts
with thiobarbituric acid (TBA) TBA is
an organic compound used as a reagent in assay-
ing malondialdehyde (MDA). These antioxidant
properties of Aframomum melegueta increase
glutathione peroxidase activity **, which we believe
directly protects tissues from the deleterious effects
of free radicals.

6-Gingerol (a major phenolic constituent of
Aframomum melegueta) has been documented to
display several biochemical and pharmacologic
activities that fight against cancers, mutation,
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apoptosis *®, oxidative stress, inflammation **, and
cardiac and hepatic toxicities *> *. It also inhibits
nitric oxide synthase and cyclo-oxygenase *’, as
well as the expression of tumor necrosis factor-
alpha (TNF-a) “®. Nitric oxide has been documented
to inhibit oocyte meiotic maturation. It does so by
producing a high cGMP concentration in
preovulatory follicles. cGMP is produced by the
granulosa cells and transported into the oocyte via
gap junctions and plays an important role in
maintaining meiotic arrest of oocytes *°. Nitric
oxide also inhibits germinal vesicle breakdown
(GVBD) in oocytes of preovulatory follicles *°.
Germinal vesicle breakdown (GVB) is the
dissolution of the nucleus of an oocyte that is
arrested in the prophase of meiosis I, a process that
enables the oocyte to resume meiosis. A higher
concentration of nitric oxide has also been
documented to inhibit progesterone production >* 2
and induce apoptosis in rat granulosa cells >*.

In addition, the alkaloid fraction of the seeds of
Aframomum melegueta has also been documented
to exhibit ACE, acetylcholinesterase (AChE),

phosphodiesterase-5 (PDE-5), and arginase
inhibitory activity In-vivo inhibition of
acetylcholinesterase activities does immensely

increase intra-ovarian acetylcholine and enhances
follicular development and fertility in the rat .

The antioxidant activity of ethanolic seed extract of
Aframomum melegueta was further manifested in
this research as homogenates of the ovaries of rats
co-administered with paraquat and Aframomum
melegueta seed extract evaluated for antioxidant
levels showed increased superoxide dismutase
(SOD) levels. SOD is a potent detoxifying enzyme
that acts as the first line of antioxidant defense
against reactive oxygen species (ROS), detoxifying
superoxide radicals and breaking down hydrogen
peroxides into harmless molecules *°, and by so
doing renders harmful superoxide anion harmless.
This increased SOD level in Aframomum
melegueta treated rats, we believe, provided a
protective and ameliorative effect on the ovaries of
experimental animals against paraquat-induced
toxicity in this current research, although in a dose-
dependent manner.

CONCLUSION: Following the results we
obtained, it is pertinent to note that oral gavage of
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paraquat caused deleterious effects on the
experimental animals, such as reduction (p<0.05) in
sera estrogen levels and altered ovarian histology.
There was also the presence of ovarian cysts (a
symbol of apoptotic cell death) and significantly
higher ovarian MDA values. These were caused by
higher tissue oxidative stress levels. However, co-
administration with graded doses of ethanolic seed
extract of Aframomum melegueta (Alligator
pepper) ameliorated these deleterious effects in a
dose-dependent manner.

AUTHORS CONTRIBUTION: Experimental
design was done by Ofoego Uzozie Chikere,
EzeEjike Daniel, Nweke Elizabeth Obioma,
Enemuo ljeoma, Christopher Gloria Ukamaka,
Karimah Mohammed Rabiu, and lliya Ezekiel.
Experiments were carried out by Ofoego Uzozie
Chikere, Nweke Elizabeth Obioma, Enemuo
ljeoma, and Christopher Gloria Ukamaka. Data
analysis was carried out by Ofoego Uzozie
Chikere, Eze Ejike Daniel, Christopher Gloria
Ukamaka, Karimah Mohammed Rabiu, and lliya
Ezekie. Manuscript preparation and Proofreading
were done by all Authors. All authors read and
approved the final manuscript as this manuscript
represents our honest work.

ACKNOWLEDGEMENT: We acknowledge with
immense gratitude the help we received from Mr.
Ezekafor Emmanuel of the Department of Human
Physiology and Mr. Ubammadu CE of the
Department of Medicine, both of Nnamdi Azikiwe
University, Nnewi Campus, for their help in animal
handling and statistical analysis, respectively.

CONFLICTS OF INTEREST: Authors have no
conflict of interest regarding this article.

REFERENCES:

1. Kamel F: Paths from pesticides to Parkinson. Journal of
Science 2013; 341(6147): 722-23.

2. BaiF, JiaY, Yang C, Li T, Wu Z, Liu J and Song L:
Multiple physiological response analyses aid the
understanding of sensitivity variation between Microcystis
aeruginosa and Chlorella sp. under paraquat exposures.
Environ SciEur 2019; 31: 83.

3. Reddy KS: Agricultural Poisons. In: Essentials of Forensic
Medicine. Hyderabad Medical Book Company. 24" ed.
2005: 439-44.

4. Chen H and Chen H: Dynamics study on the role of
curcumin on TGF B1 expression and pathological changes
in acute paraquat poisoned rats. Exp Ther Med 2018; 16:
3841-46.

3140



Ofoego et al., IJPSR, 2021; Vol. 12(6): 3134-3142.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

International Journal of Pharmaceutical Sciences and Research

Chaudhuri S, Sagar MS, Ravindranath S and Reddy V:
Paraquat poisoning presenting as the “Daisley Barton
syndrome”. Indian J Respir Care 2020; 9: 110-2.

Halesha BR and Venugopal K: Clinical spectrum and
outcome of paraquat poisoning in a tertiary care teaching
hospital. Int J Adv Med 2018; 5: 814-7.

Fernando MBJ, Camilo MOJ and Orlando PN: Paraquat
intoxication as a cause of multiple organ failure: Report of
a case and review of the literature. MOJ Toxicol. 2018;
4(4): 247-53.

Mohammadi S and Hemayatkhah-Jahromi V: The effect of
Aloe vera extract on the ovary tissue of rats treated with
paraquat. Journal of Animal Biology 2016; 8(2): 47-55.
Elham R, Tawkol KE, Kangar L, Poorgholami F, Shafiei
JN, Pourahamadi M and Karger JH: The effect of
herbicide paraquat and organophosphate pesticide
melathion on change of sex hormone in female rats.
Biomed Pharmacol Journal 2015; 8(2): 993-99.

Ofoego UC, Nweke EO, Nzube OM: Ameliorative effect
of ethanolic extract of Cucumis sativus (Cucumber) pulp
on alloxan induced kidney toxicity in male adult wistar
rats. Journal of Natural Sciences Research 2019; 9(4): 12-
22.

Chukwu VO, Akudike CJ, Ezejindu DN, Ofoego UC and
Chukwuocha CC: The Protective Effects of Turmeric on
Testicular Tissues, After Treatment with Metronidazole in
Adult Male Wistar Rats. CIB Tech Journal of
Pharmaceutical Sciences 2015; 4(1): 62-68.

Ofoego UC, Ekwujuru EU, Ireka MI and Ofoego AN:
Ameliorative effect of Aframomum melegueta (Alligator
Pepper) against paraquat induced testicular damage. World
J of Pharmaceutical Research 2020; 9(5): 2105-2124.
Oludare TO: Aframomum Melegueta (Grains of Paradise).
Annals of Microbiology and Infectious Diseases 2020;
3(1): 1-6.

Toh EYS, Ling LC, Ling APK, Moi CS and Koh RY:
Overview of the pharmacological activities of Aframomum
melegueta. Pertanika Journal of Tropical Agricultural
Science 2019; 42(1): 1-13.

Mohammed A, Awolola V, Koorbanally N and Islam S:
Inhibition of key enzymes linked to type 2 diabetes by
compounds isolated from Aframomum melegueta fruit.
Pharmaceutical Biology 2017; 55(1): 1010-1016.
Olumekun VO, Osuntokun OT, Ajayi AO, Omotuyi 10
and Olonisakin A: Estimation of vitamins in Aframomum
melegueta [Roscoe] K. Schum and its relevance as natural
immune booster. Journal of Applied Life Sciences
International 2020; 23(7): 25-39.

Morakinyo AE, Oyedapo OO, Akinpelu BA, Fajobi AO,
Fasakin WO, Komolafe 1J and Akinlalu AO: Evaluation of
antioxidant,  anti-inflammatory and  phytochemical
constituents of Aframomum melegueta aqueous leaf
extract. International Journal of Medicinal Plants. Photon
2018; 112: 888-903.

Agbonon A, Gadegbeku EK, AklikokouK, Gbeassor M,
Akpagana K and Foster BC: In-vitro inhibitory effect of
West Africa medicinal and food plants on human
cytohrome  P450 3A  subfamily.  Journal  of
Ethnopharmacology 2010; 128(2): 390-94.

Idoh K, Damintoti SK, Amegnona A, Adjirah Y and
Messanvi G: Effect of Afamomum melegueta on carbon
tetrachloride induced liver injury. Journal of Applied
Pharmaceutical Science 2013; 3(9): 98-102.

Aprioku JS: Investigation of the effects of ethanol seed
extract of Garcinia kola on hematological and hepatorenal
indices in wistar albino rats. Int J Pharm Sci Res 2018;
9(3): 975-80.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Lorke D: A new approach to practical toxicity testing.
Archive of Toxicology 1984; 54: 275-87.

Shalaby MA, Emam SR and Soliman AM: Protective
effect of vitamin e against herbicide paraquat-induced
enzymatic leakage and oxidative damage in the liver of
rats. Adv Anim Vet Sci 2020; 8(6): 639-46.

Ofoego UC, Ekujuru UE, Nwakanma A, Ikechukwu SM,
Nweke EO and Anibeze CIP: Protective and Ameliorative
effects of methanolic seed extract of Mucuna pruriens on
paraquat induced testicular damage. Advances in Life
Science and Technology 2018; 53: 8-16.

Ofoego UC, Mbagwu SI, Ekwujuru EU, Obiesie 1J, Madu
CP and Ofoego AN: Maydis Stigma (Corn Silk) extract
protects the functionality and histoarchitecture of the testis
against paraquat induced toxicity. International Journal of
Agriculture and Biological Sciences 2020; 8: 111-22.
National Research Council (US) Committee for the Update
of the Guide for the Care and Use of Laboratory Animals:
Guide for the Care and Use of Laboratory Animals. 8th
edition. Washington (DC): National Academies Press
(US); 2011. Available from: https://www.ncbi.nim.nih.
gov/books/NBK54050/ doi: 10.17226/12910. Accessed 1%
January 2019.

Balahoroglu R, Diilger H, Ozbek H, Bayram I and
Sekeroglu MR: Protective effects of antioxidants on the
experimental liver and kidney toxicity in mice. Eur J Gen
Med 2008; 5(3): 157-64.

Ohkawa H, Ohishi N and Yagi K: Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Anal Biochem 1979; 95: 351-51.

Sun Y: Free radicals, antioxidant enzymes, and
carcinogenesis. Free Radic Biol Med 1990; 8: 583-99.

Shi L, Li X, Ji Z, Wang Z, Shi Y, Tian X and Wang Z: The
reproductive  inhibitory effects of levonorgestrel,
quinestrol, and EP-1 in Brandt's vole (Lasiopodomys
brandtii). Peer J 2020; 8: €9140.

Chowdhury AR, Zielonka J, Kalyanaraman B, Hartley RC,
Murphy MP and Avadhani NG: Mitochondria-targeted
paraquat and metformin mediate ROS production to
induce multiple pathways of retrograde signaling: A dose-
dependent phenomenon. Redox Biol. 2020; 36: 101606.
Kalyanaraman B, Cheng G, Hardy M,Ouari O, Bennett B
and Zielonka J: Teaching the basics of reactive oxygen
species and their relevance to cancer biology:
Mitochondrial reactive oxygen species detection, redox
signaling, and targeted therapies. Redox Biol 2018; 15:
347-62.

Cheng G, Zielonka M, Dranka B, Kumar SN, Myers CR,
Bennett B, Garces AM, Dias Duarte Machado LG,
Thiebaut D, Ouari O, Hardy M, Zielonka J and
Kalyanaraman B: Detection of mitochondria-generated
reactive oxygen species in cells using multiple probes and
methods: Potentials, pitfalls, and the future. J Biol Chem
2018; 293(26): 10363-380.

Qian JY, Deng P, Liang YD, Pang L, Wu LC, Yang LL,
Zhou Z and Yu ZP: 8-Formylophiopogonanone B
Antagonizes  Paraquat-Induced  Hepatotoxicity by
Suppressing Oxidative Stress. Front Pharmacol 2019; 10:
1283.

Su LJ, Zhang JH, Gomez H, Murugan R, Hong X, Xu D,
Jiang F and Peng ZY: Reactive oxygen species-induced
lipid peroxidation in apoptosis, autophagy, and ferroptosis.
Oxid Med Cell Longev 2019; 13: 5080843.

Chatterjee N and Walker GC: Mechanisms of DNA
damage, repair, and mutagenesis. Environ Mol Mutagen
2017; 58(5): 235-63.

3141



Ofoego et al., IJPSR, 2021; Vol. 12(6): 3134-3142.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Gentile F, Arcaro A, Pizzimenti S, Daga M, Cetrangolo
GP, Dianzani C, Lepore A, Graf M, Ames PRJ and Barrera
G: DNA damage by lipid peroxidation products:
implications in cancer, inflammation and autoimmunity.
AIMS Genet 2017; 4(2): 103-37.

Katerji M, Filippova M and Duerksen-Hughes P:
Approches and methods to measure oxidative stress in
clinical samples: research applications in the cancer field.
Oxidative Medicine and Cellular Longevity 2019; 29.

Jang YJ, Won JH, Back MJ, Fu Z, Jang JM, Ha HC, Hong
SB, Chang M and Kim DK: Paraquat Induces Apoptosis
through a Mitochondria-Dependent Pathway in RAW264.7
Cells. BiomolTher (Seoul) 2015; 23(5): 407-13.

Mokbel K and Mokbel K: The Intrinsic Pathway of
Apoptosis and Carcinogenesis: An Update. Journal of
Tumor 2018; 6(1): 520-25.

Oshomoh EO, Okolafor FI and Idu M: Antimicrobial
screening, functional groups and elemental analysis of
Aframomum Melegueta. Afr Scientist 2016; 17(1): 41-53.
Oboh FO and Imafidon J: Antioxidant and sensory
properties of new beverage formulations composed of
palm sugar, Aframomum melegueta, and citric acid.
Beverages 2018; 4: 59-72.

Aguilar Diaz De Leon, J and Borges CR: Evaluation of
oxidative stress in biological samples using the
thiobarbituric acid reactive substances assay. J Vis Exp
2020; 159: e61122.

Xu S, Zhang H, Liu T, Yang W, Lv W, He D, Guo P and
Li L: 6 Gingerol induces cell cycle G1 phase arrest
through AKT-GSK 3p—cyclin D1 pathway in renal cell
carcinoma. Cancer Chemotherapy and Pharmacology
2020; 85: 379-90.

Halawany AME, Sayed NSE, Abdallah HM and Dine
RSE: Protective effects of gingerol on streptozotocin-
induced sporadic Alzheimer's disease: emphasis on
inhibition of B-amyloid, COX-2, alpha-, beta - secretases
and APH1a. Sci Rep 2017; 7(1): 2902.

Xu T, Qin G, Jiang W, Zhao Y, Xu Y and Lv X: 6-
Gingerol protects heart by suppressing myocardial
ischemia/reperfusion induced inflammation via the
PI3K/Akt-dependent mechanism in rats. Evidence-Based
Complementary and Alternative Medicine 2018; 1-9.

Joshi D, Srivastav S, Belemkar S and Belemkar S:
Zingiber officinale and 6-gingerol alleviate liver and
kidney dysfunctions and oxidative stress induced by
mercuric chloride in male rats: A protective approach.

47.

48.

49.

50.

51.

52.

53.

54,

55.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Biomedicine & Pharmacotherapy Biomedecine &
Pharmacotherapie 2017; 91: 645-55.

Tjendraputra E, Tran VH, Liu-Brennan D, Roufogalis BD
and Duke CC: Effect of ginger constituents and synthetic
analogues on cyclooxygenase-2 enzyme in intact cells.
Bioorg Chem 2001; 29: 156-63.

de Lima RMT, dos Reis AC, de Menezes A-APM, de
Oliveira Santos JV, de Oliveira Filho JW, de Oliveira
Ferreira JR, de Alencar MVVOB, da Mata AMOF, Khan IN,
Islam A, Uddin SJ, Ali ES, Islam MT, Tripathi S, Mishra
SK, Mubarak MS and de CarvalhoMelo-Cavalcante AA:
Protective and therapeutic potential of ginger (Zingiber
officinale) extract and [6]-gingerol in cancer: A
comprehensive review. Phytotherapy Research 2018; 32:
1885-1907.

Tornell J, Billig H and Hillensj6 T: Regulation of oocyte
maturation by changes in ovarian levels of cyclic
nucleotides. Hum Reprod 1991; 6: 411-22.

Tiwari M and Chaube SK: Reduction of nitric oxide level
results in maturation promoting factor destabilization
during spontaneous meiotic exit from diplotene arrest in
rat cumulus oocytes complexes cultured in-vitro. Develop.
Growth Differ 2017; 59: 615-25.

Yamagata Y, Nakamura Y, Sugino N, Harada A,
Takayama H, Kashida S and Kato H: Alterations in
nitrate/nitrite and nitric oxide synthase in preovulatory
follicles in gonadotropin-primed immature rat. Endocr J
2002; 49: 219-26.

Jablonka-Shariff A, Basuray R and Olson LM: Inhibitors
of nitric oxide synthase influence oocyte maturation in
rats. J Soc Gynecol Invest 1999; 6: 95-101.

Adefegha SA, Oboh G and Okeke B: Comparative effects
of alkaloid extracts from Aframomum melegueta (alligator
pepper) and Aframomum danielli (bastered melegueta) on
enzymes relevant to erectile dysfunction. J Diet Suppl
2017; 14: 542-52.

Urra J, Blohberger J, Tiszavari M, Mayerhofer A and Lara
HE: In-vivo blockade of acetylcholinesterase increases
intraovarian  acetylcholine and enhances follicular
development and fertility in the rat. Sci Rep 2016; 6:
30129.

Ighodaro OM and Akinloye OA: First line defence
antioxidants-superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GPX): Their fundamental role
in the entire antioxidant defence grid. Alexandria Journal
of Medicine 2018; 54(4): 287-93.

How to cite this article:
Ofoego UC, Eze ED, Nweke EO, ljeoma EC, Ukamaka CG, Rabiu KM and Ezekiel I: Ethanolic seed extract of Aframomum melegueta
protects and preserves the functions and microarchitecture of the ovary of adult female wistar rats against paraquat induced toxicity. Int J
Pharm Sci & Res 2021; 12(6): 3134-42. doi: 10.13040/1JPSR.0975-8232.12(6).3134-42.

All © 2013 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

3142



