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ABSTRACT

Background: There is a rising burden of Diabetes mellitus globally, and it has thus become a disease of
concern. People, especially in poor communities, have, over the years, used medicinal plants to treat
diabetes and its complications. Aframomum melegueta (AM), commonly known as grains of paradise, is
a medicinal plant celebrated for its rich phytochemical content and therapeutic properties. Much work
has been done to find scientific evidence to support the use of medicinal plants, thus AM has been
investigated for its hypoglycemic effects in Streptozotocin (STZ)-induced diabetes in Wistar albino rats.

Objective: To evaluate the antidiabetic activity of the ethanolic extract of the seeds of Aframomum
melegueta in STZ-induced type-| diabetes in rats.

Materials and Methods: STZ-induced type-I diabetic rats (n = 5) were administered ethanolic seed extract
(250 and 500 mg/kg, p.o.) of AM or vehicle (normal saline) or standard drug glimepiride (0.1 mg/kg)
for 21 days. Blood samples were collected from the tail veins and were analyzed for serum glucose on
days 0 and 21 by using glucose oxidase-peroxidase reactive strips and a glucometer. For the oral glucose
tolerance test, glucose (2 g/kg, p.o.) was administered to nondiabetic control rats and the rats treated
with glimepiride (0.1 mg/kg, p.o.) and ethanolic seed extract of AM (250 and 500 mg/kg). The serum
glucose levels were analyzed at 0, 30, 60, and 120 min after drug administration. The effect of the extract
on the body weight of the diabetic rats was also observed.

Results: The ethanolic seed extract of AM (250 and 500 mg/kg, p.o.) induced a significant reduction (p
< 0.05) of fasting blood glucose levels in STZ-induced type-I diabetic rats on day 21. In the oral glucose
tolerance test, the extract increased the glucose tolerance and caused an increase in the body weight of
the diabetic rats.

Conclusion: There is sufficient evidence that Aframomum melegueta has significant antidiabetic activity
as it lowers the fasting blood sugar level and increases body weight in diabetic rats, as well as increases
the glucose tolerance in glucose-loaded normal rats.
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Introduction

Diabetes is a metabolic disorder characterized by hyperglycaemia
caused by the destruction of the B-cells of the pancreas or cellular
resistance to the action of insulin. It is usually associated with
absolute or relative deficiencies in insulin secretion or insulin
action [1]. Diabetes is a life threatening, common and very
prevalent disease affecting citizens of both developed and
developing countries. It is therefore a global health problem
and there is an increasing need to combat the disease.

The global prevalence of diabetes is estimated to increase from
4% in 1995 to 5.4 % by the year 2025 [2,3]. WHO has predicted
that the major burden will occur in developing countries of Africa
and Asia contribute a significant fraction of this figure [4]. There
is also a rising burden from the complications of DM alongside
the ever-increasing prevalence of the disease [5]. It is projected
that the prevalence of diabetes mellitus would have increased
by 5.4% in 2025 [6].

In Nigeria, the current prevalence of DM among adults aged
20-69 years is reported to be 1.7% [4,7]. It is widely perceived
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that prevalence figures reported by the IDF grossly under-report
the true burden of DM in Nigeria, given that they are derived
through the extrapolation of data from other countries, meanwhile,
different researchers have reported prevalences ranging from 2%
to 12% across the country in recent years [8-11].

There are different types of DM which include type-1, type-2,
maturity onset diabetes of the young (MODY) and gestational
diabetes [12]. Type-1 DM is an autoimmune syndrome characterized
by insulin insufficiency, and it presents itself early in childhood and
adolescence [13]. Type 2 diabetes has a prevalence of 7079 cases
per 100,000; it is characterized by insulin resistance and insulin
deficiency caused by pancreatic B-cell damage [14,15]. Maturity-
Onset Diabetes of the Young (MODY) is a monogenic form of
diabetes caused by a single-gene mutation leading to impaired
insulin secretion, typically presenting in children, adolescents,
or young adults [12]. Gestational diabetes is characterized by
hyperglycemia that happens during pregnancy [16]. Classical
symptoms of diabetes include polyuria, polydipsia, polyphagia
and weight loss. It is a major cause of severe health complications
and premature deaths in many developing countries [17].

Several conventional drugs are useful in the treatment of diabetes
mellitus, and they treat diabetes by lowering glucose levels in
the blood. However, some of these medications produce diverse
functional and morphological alterations, some of which lead to
severe complications of the eye, kidney and heart [18]. Most of
these synthetic agents are also relatively expensive for people
in the developing countries [19]. Therefore, there is the need to
search for more agents that can either compliment or serve as
better alternatives to the existing anti-diabetics. The use of herbal
medicine is gaining popularity both in developing and developed
countries because of their natural origin and less side effects [20].
The importance of anti-diabetic plants in the development of
economic and effective treatment for diabetes has been recognized
by the World Health Organization [21]. The use of herbal remedies
for the treatment of diabetes has also been authenticated by World
Health Organization [22].

There are numerous traditional medicinal plants reported to
have hypoglycemic properties, such as Allium sativum (garlic),
Azadirachta indica (neem), Vinca rosea (nayantara), Trigonalla
foenum (fenugreek), Momordica charantia (bitter ground), and
Ocimum santum (tulsi), and many of them proved to be not very
effective in lowering glucose levels in severe diabetes [23]. In
this regard, is a polyphenolic flavonoid -rich herb, Aframomum
melegueta (AM), whose role in promoting health has been
demonstrated previously [24-26].

Aframomum melegueta (AM) (grains of paradise) is an herbaceous
perennial plant species belonging to the family Zingiberaceae
(Ginger family). It is native to the swampy habitats along West
African Coast. Depending on the country, it is called several names
including Melegueta pepper, Alligator pepper and Guinea pepper.
In Nigeria, it is called Atare (Yoruba), Ose 0ji (Ibo) and Citta (Hausa).
It is one of such plants having both medicinal and nutritive values
and popularly used as herbal remedy against a wide range of
ailments both in Nigeria and several other countries of the world
[27].

Various parts of AM have been claimed to possess medicinal
properties [28]. The seeds are used for treatment of diarrhoea
[29,30], stomachache [30,31], as a carminative and for
inflammatory conditions [31-34]; it has been established to
be a potent antifungal agent [35]. It is used for treatment
of snake bites [36]. Its various medicinal values such as anti-
inflammatory, antioxidant, aphrodisiac, hepatoprotective,
antitumour, antidiabetic, antiulcer, anti-venom, antimicrobial,
weight loss, erythropoietic potential, and many other medicinal
uses have been reported in the literature [25,26,37-41].
Traditionally, an herbal mixture of Alligator pepper seed
(Aframomum melegueta) and water leaf (Talinum triangulare)
has been acclaimed to be effective in the treatment of diabetes
in human in some areas of Oyo State, Nigeria [42].

Phytochemical screening of alligator pepper has revealed
the presence of secondary metabolites such as flavonoids,
phenolic compounds, alkaloids, tannins, terpenoids, saponins,
and cardiac glycosides in the seeds that have been known to
have anti-hyperglycemic activity [26,40,43-45].

Considering the necessity of revitalizing folk medicine and
identifying the antidiabetic effects of medicinal herbs in nature
that have valuable therapeutic effects, the present study aimed
to determine the scientific basis for the use of this plant in the
management of diabetes using glucose loaded-normal and
streptozotocin- induced type-I diabetic rats.

Materials and Methods
Materials, Chemicals and Reagents

Streptozotocin (use to induced diabetes), Sodium citrate, and
Citric acid (used to dissolved streptozotocin), were purchased
from a chemical company in United State. Glimepiride (a
sulfonylurea drug for treatment of type Il diabetes) was use
as the standard drug and was purchased from a pharmacy store
in Edo State, Nigeria. Ethanol (99%; used for the Aframomum
melegueta seed extraction) was purchased from a chemical
store in Ibadan, Nigeria. All other chemicals and reagents used
in the present study were of analytical grade.

Plant and Plant Extract Preparation

Dry pods of Aframomum melegueta were purchased from
the local market in Ekpoma (6.7430° N, 6.1421° E), Edo State.
Nigeria. ldentification and authentication of the fruits were
carried out at the Forestry Research Institute of Nigeria, Ibadan,
Oyo State. The pods were peeled to collect the seeds, which
were then sorted out to remove the extraneous materials and
then air-dried for 3 days. The dried seeds were then pulverized
and packaged in polyethene air-tight- bags. After 3 days, the
package pulverized seeds were extracted with ethanol using
the method of Arokiyaraj et al. [46] and Jeyaseelan et al. [47].

Experimental Animals

Twenty-five adults male Wistar rats of comparable weights (100
+20g) were used for this study. The rats were obtained from the
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animal house of the College of Medicine, Ambrose Alli University,
Ekpoma and transferred to the Department of Anatomy animal
holding facility in the same institution. They were housed in
plastic cage with a wire screen top. The animals were fed ad
libitum with clean tap water and pelleted rat chow for 14 days’
acclimatisation. They were maintained at room temperature on
a 12-hour dark-light cycle and under standard care of laboratory
animals as stated in the guidelines and regulations for the use
of animals in scientific experiments.

Induction of Diabetes

Diabetes was induced by intra-peritoneal injection of 50mg/
kg, body weight of freshly prepared streptozotocin dissolved
in 0.10M citrate buffer (pH 4.5) in 20 rats after 24 hours’ food
fasting. This is following the methods by Mythili et al. and
Szkudelski [48,49]. To stave off the hypoglycemia during the first
day after the streptozotocin injection, diabetic rats were given
5% glucose solution orally as reported by Orhan et al. [50]. Rats
with blood glucose levels higher than 250mg/dl after three days
(72 hrs.) of streptozotocin injection were considered diabetic as
previously documented by El Khateeb et al. [51].

Experimental Design
Oral Glucose Tolerance Test (OGTT)

The oral glucose tolerance test was performed on overnight (18-
hour) fasted 20 normal rats. Rats divided into four groups (n =5)
were administered either drinking water or AMEE, 250 and 500
mg/kg, respectively. 20% glucose (5mL/kg oral) was fed 30 min
after the administration of the extract. GP (0.1 mg/kg) was used
as the standard drug. Blood was withdrawn from the tail vein at
30, 60, and 120 min of glucose administration and glucose levels
were estimated using glucose oxidase-peroxidase reactive strips
and a glucometer (Accu-Chek, Roche Diagnostics, USA). The mean
increment of glyceamia in each group was calculated as the sum
of increases in blood glucose divided by the number of animals
after each period according to the method of Madar [52].

Experimental Design for Antidiabetic Study

Overnight fasted diabetic rats were divided for the antidiabetic
study in the following manner: Group I: normal control rats
administered 1 ml normal saline for 21 days; Group IlI: diabetic
control rats administered 1 ml normal saline daily for 21 days;
Group llI: diabetic rats administered AMEE (250 mg/kg); Group IV:
diabetic rats administered AMEE (500 mg/kg); Group V: diabetic
rats administered the standard drug Glimepiride (GP) (0.1 mg/
kg) for 21 days.

Body weight and fasting blood glucose of all rats were determined
before the start and end of the experiment. After 21 days of
treatment, blood was collected from tip of the tail vein and

fasting blood glucose levels were measured using a complete
blood glucose monitoring system (One-Touch Ultra Easy Glucose
Meter, Lifescan Inc. Milpitas, USA). The initial body weight was
subtracted from the final body weight to obtain the body weight
gain (BWG).

Statistical Analysis

The results were presented as mean + SEM. The data were
analysed by using one way analysis of variance (ANOVA) followed
by Student’s t-test. The significance level for all tests was taken
as P value < 0.05.

Results

Effect of AMEE on Oral Glucose Tolerance Test in Normal Rats
following Glucose Loading

In OGTT, the AMEE induced significant reduction in plasma
glucose levels from 60 min onwards (Fig 1). The greatest effect
was seen in the AMEE (500mg/kg) and glimepiride (0.1mg/kg)
treated groups after 120 minutes of glucose loading (Figure 1).

-+ Control - 250mg/kg EEAM = 500mg/kg EEAM =¥ 0.1mglkg glimepiride

140
1204
100

804

60

Blood glucose level (mg/dl)

Figure 1: Effect AMEE in glucose-loaded normal rats

Values are means + SEM, n = 5, * indicate statistically significant
compared with control.

Key: AMEE = Aframomum melegueta ethanolic extract

Effect of AMEE on fasting blood sugar and Body Weight Gain
of control and STZ-Induced Diabetes in Adult Male Wistar Rats
after 21 days Oral Administration

In STZ diabetic rats there was a significant increase (p < 0.05) in
fasting blood glucose (FBG) and a significant decrease (p <0.05)
in body weight gain (BWG) compared to normal control rats.
However, a significant decrease in FBG was observed in diabetic
rats treated with AMEE (250 and 500 mg/kg) and glimepiride
(0.1 mg/kg) and a significant increase in BWG was observed in
diabetic rats treated with AMEE (250 mg/kg) and glimepiride
(0.1 mg/kg) compared to diabetic control rats (Figures 2 A &B).
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Figures 2A & B: Effect of AMEE on (A) FBG and (B) BWG of control and STZ-induced diabetes in adult male wistar rats after 21 days

oral administration

Values are means + SEM, n =5, * statistically significant at p<0.05 compared with control, » statistically significant at p<0.05 compared

with diabetic untreated.
Key: AMEE = Aframomum melegueta ethanolic extract
Discussion

Management of diabetes with the agents devoid of any side effects
is still a challenge to the medical system [53]. This has led to an
increase in the demand for natural products with antihyperglycemic
activity and fewer side effects. Plants may act on blood glucose
through different mechanisms, some of them may have insulin-
like substances and some may inhibit insulinase activity [54,55].
Stimulation of beta-cells to produce more insulin and others may
increase beta -cells in the pancreas by activating regeneration of
pancreatic cells [56,57].

The present work has detected the antidiabetic effect of the
ethanolic seeds extract of AM in streptozotocin- induced type-1
diabetic rats. Streptozotocin injection caused diabetes mellitus,
probably due to destruction of the B-cells of the islets of
Langerhans of the pancreas [58]. Over-production of glucose and
decreased utilization by the tissues form the fundamental basis
of hyperglycemia in diabetes mellitus [59].

When AMEE was administered to glucose-loaded normal rats,
hypoglycemia was observed after 60 min, with the maximum
effect being seen at 120 min. Our investigations also indicate the
efficacy of the AMEE in the maintenance of blood glucose levels
in normal and streptozotocin induced diabetic rats. Induction of
diabetes with STZ is associated with a characteristic loss of body
weight, which is due to increased muscle wasting [60] and loss of
tissue proteins [61]. Diabetic rats treated with the AMEE showed
an increase in body weight as compared to the diabetic control,
which may be due to its effect in controlling muscle wasting, i.e.,
by reversal of antagonizing [62]

Summary and Conclusion

Many workers have shown A. melegueta to be effective in
diabetes mellitus; both type 1 and type 2 in various animal
models. In the present study, ethanolic extract of AM seeds
was used to evaluate the hypoglycemic effect on glucose-
loaded normal and STZ induced diabetic rats. The parameters
considered in the study were fasting blood glucose and body
weight. For the above purpose, the extract was administered
by oral route. The results of the study indicate that AMEE
has potential to improve the glucose tolerance within a short
period of time as suggested by oral glucose tolerance test and
to reduce the fasting blood glucose levels after a treatment
period of 3 weeks. In conclusion our study suggests that AM
may have beneficial effect in diabetes mellitus and may improve
glucose tolerance also. Thus, this holds the scope of a new
generation of antidiabetic drug. However, there is need for
further studies on experimental animals and human beings,
using various active principles, to establish their usefulness,
exact mode of action and toxicity data.
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