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ABSTRACT
Medicinal plants are reservoirs of natural products with anti-diabetic potentials. In the present study we
screened Costus afer for the presence of plant products and to study the effects of the aqueous stem extract
of the plant on fasting blood glucose of streptozotocin induced diabetic male rats. Adult male wistar strain
albino rats were given graded doses (500, 1000 and 1500 mg/kg) of the aqueous stem extract of Costus
afer, and a standard hypoglycemic drug metformin was co-administered with 500mg/kg of the plant
extract for a period of 3, 6 and 9 weeks. The statistical analysis was carried out using one way ANOVA
followed by post hoc LSD multiple comparison on SPSS 19. Costus afer showed significant hypoglycemic
effect (p<0.05) comparable with the with glucose level of the normal control rats. Also, a combination of
plant extract and metformin caused a significant reduction in fasting blood sugar of the streptozotocin
induced diabetic rats. In histological evaluation of the pancreas, the islet cells of the Langerhan of the
pancreas were repopulated and preserved in all the groups treated with the plant extract and its
combination with metformin against the diabetic control group whose islet cells were reduced. The results
validate the use of Costus afer as a hypoglycemic plant in native medicine. Costus afer could be a
promising plant for the development of anti-diabetic drugs.
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1. Introduction
Diabetes mellitus is an endocrine and metabolic disorder that poses considerable threat
worldwide in the 21st century [1]. The central identifying features of diabetes mellitus are
hyperglycemia, hypoinsulinemia, dyslipidemia. Currently diabetes is controlled by diet,
exercise, insulin replacement therapy and by the use of herbal hypoglycemic agents [2].
However, available oral hypoglycemic drugs have many side effects such as nausea and
vomiting, cholestatic jaundice, agranulocytosis, aplastic and hemolytic anemias, generalized
hypersensitivity reactions, dermatological reaction and lactic acidosis. Therefore, searching for
effective, low cost and less side effected hypoglycemic agents is important. In the past,
experimental evidences have in the past confirmed the hypoglycemic activity of a number of
indigenous African medicinal plants. Furthermore, after the recommendations made by the
WHO on diabetes mellitus, investigations on hypoglycemic agents from medicinal plants have
become more important and the search for more effective and safer hypoglycemic agents has
continued to be an important area of active research.
World ethnobotanical information about medicinal plants reports that almost 800 plants could
be used to control diabetes mellitus (DM) [3].
Nature has been a source of medicinal agents for thousands of years and impressive number of
modern drugs has been isolated from natural source, many based on their use in traditional
medicine or phytomedicine. Various medicinal plants have been used for years in daily life to
treat diseases all over the world. According to world health organization (WHO), medicinal
plants are the best source to obtain a variety of newer herbal drugs. Over 50% of all modern
clinical drugs are of natural product origin and natural products play an important role in drug
development program in the pharmaceutical industry.
The use of plant extract with known antihyperglycemic properties may be of immense
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importance in therapeutic treatment.
Costus afer which belongs to the family Costaceae is a
monocot and a relatively tall, herbaceous, unbranched
tropical plant with creeping rhizome. It is commonly found
in moist or shady forest of West and Tropical Africa [7].
Costus afer is commonly called bush cane [5]. Costus afer
also known as ginger lily or bush cane [6], is common in
many parts of the world and also to the people of Nigeria. In
Nigeria, among the Ibos, it is commonly called “okpete”,
“okpoto” or “okpete ohia” [6], Hausas, it is called
“kakizawa”, Yorubas call it “tete-egun” and the Efik,
“mbritem” [6]. Anglophone Cameroon calls it “Monkey sugar
cane” [8] Most important to this work is the use of this plant
in the treatment of diabetes mellitus in folklore medicine [9].
This study is designed to evaluate the antihyperglycemic
potentials of the stem of this plant on streptozotocin induced
diabetic male rats alone and in combination with metformin.
2. Materials and Method
2.1 Collection and Identification of Plant Samples
Fresh stems of Costus afer were obtained from Choba
campus of University of Port Harcourt, in Choba community.
They were authenticated by a plant taxonomist in the
Department of Plant Science and Biotechnology, Faculty of
Biological Sciences, College of Natural and Applied
Sciences, University of Port Harcourt, Nigeria where a
voucher specimen was also deposited. The stems were
washed, cut into pieces and sun dried. They were later
ground into fine powder with the aid of a clean dry electric
grinder (Sorex SHB-520, Korea) and stored in an air tight
container.
2.2 Procurement of Animals and Preparation of the Plant
(Stem) Extract
Adult male wistar albino rats weighing 170-200 g were
obtained from the animal House of the Department of
Biochemistry, University of Port Harcourt, Port Harcourt,
Nigeria. The stems of Costus afer were cut into pieces and
sun dried for 7 days. This was subsequently followed by
oven-drying at 40 0C for 2 days. The dried samples were
ground into powder and stored into air-tight container. 1500
mg, 1000 mg and 500 mg of the resultant powder was soaked
in hot water for 24 hours, after which the resultant mixture
was filtered and the filtrate (aqueous extract) was stored for
subsequent use. Ten milliliters of this extract was evaporated
to dryness, and the weight of the residue used to determine
the concentration of the filtrate, which was in turn used to
determine the dose of administration of the extract to the test
animals.
Note: For a long time (and also currently), drug discovery
programs have typically used organic solvents such as
methanol, butanol, ethyl acetate, chloroform, or hexane for
extraction. Hence, most of the water-soluble compounds
have escaped detection and isolation. However, most
preparations used in traditional medicine are formulated in
water or hot water [10].
2.3 Anti-Diabetic Study/Extract Administration
The rats were randomly sorted into six groups of nine
animals each (these nine animals were subdivided into three
groups of three animals each) so that the average difference
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was ± 2.0 g. The animals were housed in plastic cages. After
a one week acclimatization period on guinea growers mash
(Port Harcourt Flour Mills, Port Harcourt, Nigeria), the
animals were fasted overnight and diabetes was induced by
intraperitoneal injection of freshly prepared solution of
streptozotocin (160 mg/kg body weight) in distilled water,
while the normal control rats (NCR) were injected with
distilled water alone. Seven days after administration of
streptozotocin, the animals were again fasted and blood
collected via tail cutting [11] , for the determination of their
fasting glucose levels. Then the rats were kept for 3 days to
stabilize the diabetic condition [2], before commencing
treatment, which lasted for 9 weeks.
The first and second groups (normal control rats (NCR) and
diabetic control rats (DCR) received appropriate volume of
water using a gavage via intubation. the third, fourth and
fifth groups received 500 mg/kg, 1000 mg/kg and 1500
mg/kg body weight of the aqueous stem extract respectively;
the sixth group received 1.4 mg/kg body weight of
Glucophage TM (metformin) and 500 mg/kg body weight of
the aqueous stem extract via the same route. Coadministration studies of GlucophageTM (metformin) and
aqueous stem extract was designed to determine the
complementarities of these regimens respectively.
The animals were allowed normal feed and water ad libitum.
At the end of each treatment period, i.e., 3 week, 6 week, and
9 week, the rats were weighed, fasted overnight and their
fasting glucose level checked. They were anaesthetized by
exposure to chloroform. While under anesthesia, they were
painlessly sacrificed and blood was collected from each rat
into heparin sample bottles. The heparin anti-coagulated
blood samples were centrifuged at 1000 x g for 10 min, after
which their plasma was collected and stored for subsequent
analysis.
2.4 Experimental Design
The rats were divided into nine groups of nine rats each after
the induction of streptozotocin diabetes.
Group-I-- Normal control rats
Group-II --Diabetic control rats
Group-III--Diabetic rats received 500 mg/kg of the aqueous
stem extract
Group-IV-- Diabetic rats received 1000 mg/kg of the
aqueous stem extract
Group-V-- Diabetic rats received 1500 mg/kg of the
aqueous stem extract
Group-VI-- Diabetic rats received 1.4 mg/kg of
GlucophageTM (metformin) and 500 mg/kg body weight of
the aqueous stem extract.
2.5. Histopathology of the pancreas and liver of STZ
induced diabetic rats
On the last day of each of the study period, i.e. 3, 6 and 9
weeks, the animals were sacrificed and quickly dissected and
small slices of pancreas samples were fixed in 10% formalin
and used for histopathological studies.
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means.d (standard deviation).
2.6 Statistical Analysis of Data
The Data for pharmacological screening were analyzed for
statistical differences between treatment groups, by means of
one-way ANOVA and post hoc LSD, on SPSS 19. In all,
p<0.05 was considered significant. Data are presented as

3. Result
Table 3.1 below shows the results of the effect of aqueous
extract of the stem of Costus afer on plasma glucose level of
normal rats and streptozotocin induced diabetic male rats.

Table 3.1: Effect of aqueous extract of the stem of Costus afer on plasma glucose level of normal rats and streptozotocin induced
diabetic male rats.
Group

Treatment

I
II
III
IV
V
VI

Normal Control Rats (NCR)
Diabetic Control Rats (DCR)
DCR on Aqueous Extract (500mg/kg)
DCR on Aqueous Extract (1000mg/kg)
DCR on Aqueous Extract (1500mg/kg)
DCR on Aqueous Extract (500mg/kg) + Metformin (1.4mg/kg)

Plasma glucose level (mmol/l)
3 weeks
6 weeks
9 weeks
4.2±0.26a,b 3.9±0.85a,b 4.8±0.91a,b
8.1±0.32a,b 7.0±0.40a,b 6.3±0.43a,b
6.5±0.57a,b 5.1±0.61a,b 4.2±0.37b
5.8±0.15a,b 4.8±0.50b
4.1±0.15b
b
b
5.4±1.45
4.5±0.40
3.8±0.70a,b
a,b
b
5.6±1.24
4.9±1.00
4.3±0.23b

Values are expressed as Mean ±SD; n=3, per group/week. Values in the same column with common superscript letters (a,b,…) are
significantly different at p˂0.05.
Superscript A(a) represents significant difference when group I (normal control rats) are compared with other groups at p˂0.05.
Superscript B(b) represents significant difference when group II (diabetic control rats) are compared with other groups at p˂0.05.
Values without superscripts indicates no significant difference when compared with the normal and diabetic control groups (groups I
and II)
4. Discussion
The success recorded in the use of streptozotocin (STZ) for
the induction of diabetes mellitus through the administration
of 160 mg/kg body weight can be attributed to the work of
[13]
. This achievement was confirmed by evaluation of fasting
blood glucose concentration.
Normal control rats maintained a fairly stable level of
glucose throughout the study period with the values
4.2±0.26, 3.9±0.85 and 4.8±0.91 for 3, 6 and 9 weeks of
treatment respectively. There was however significant
(p˂0.05) increase in the level of glucose concentration for
the diabetic control rats reaching a hyperglycemic level of

8.1±0.32, 7.0±0.40 and 6.3±0.43 for 3, 6 and 9 weeks of
treatment respectively (see table 3.1).
This result confirmed the development of hyperglycemia as a
result of streptozotocin injection (Bailey and Bailey; 1943).
The streptozotocin acts by selectively destroying the insulin
secreting pancreatic cells of the islets of langerhan thereby
resulting in decrease in the endogenous insulin production
and thus affecting glucose utilization by the various tissues
[14]
. Also, the hyperglycemia in STZ-induced rats results
from decreased entry of glucose into the cells (cell
resistance) and increased production of glucose
(gluconeogenesis) by the liver.

After 3 weeks of treatment.

Plate 1: Normal Control Rats after 3 weeks of treatment

Plate 2: Diabetic Control Rats After 3 Weeks of treatment
Plate Shows Reduced Islet
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Plate 3: DCR treated with aqueous stem extract 500 mg/kg for
3 weeks.
Plate shows reduced islet cell mass

Plate 4: DCR treated with aqueous stem extract 1000 mg/kg for
3 weeks.
Plate shows no histologic change in the islet cell

Plate 6: DCR treated with stem aqueous extract
500 mg/kg and metformin 0.14 mg/kg for 3 weeks
Plate shows abundant islet cell mass

Plate 5: DCR treated with aqueous stem extract
1500 mg/kg for 3 weeks.
Plate shows abundant islet cell mass

On administration of aqueous stem extract of Costus afer at
different doses of 500 mg/kg, 1000 mg/kg and 1500 mg/kg body
weight, i.e. groups III,IV and V, the blood glucose level decreased
significantly (p˂0.05) on the 3rd, 6th and 9th week of treatment
when compared to the diabetic control group (group II).
The co-administration of 500 mg/kg stem extract of Costus afer
and 1.4 mg/kg body weight of metformin (group IX) also revealed
a remarkable decrease of the blood glucose level along the period
of treatment when compared with the diabetic control group (group
II).
From this research study, it is observed that the administration of
the extract at different doses to the diabetic rats resulted in

significant (p˂0.05) decline of the plasma glucose level. The
extract might possess insulin-like effect on the peripheral tissue
either by promoting glucose uptake and metabolism or inhibiting
hepatic gluconeogenesis.
Histological evaluation of the pancreas (fig. 3.1) revealed a
remarkable reduction in the islet cell mass of Langerhan of the
streptozotocin induced diabetic rats throughout the period of
treatment. As they were treated with different doses of the plant
extract metformin and its co-administration with metformin, the
islet cells were repopulated and preserved throughout the period of
treatment
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After 6 weeks of treatment

Plate 8: Diabetic Control Rats After 6 Weeks of
treatment Plate Shows Reduced Islet

Plate 7: Normal Control Rats after 6 weeks of treatment

Plate 10: DCR treated with aqueous stem extract
1000 mg/kg for 6 weeks
Plate shows increased islet cells

Plate 9: DCR treated with aqueous stem extract
500 mg/kg for 6 weeks
Plate shows normal to increased islet cells

Plate 12: DCR treated with stem aqueous extract
500 mg/kg and metformin 0.14 mg/kg for 6 weeks
Plate shows near to normal islet cell mass

Plate 11: DCR treated with aqueous stem
extract 1500 mg/kg for 6 weeks
Plate shows normal islet cells
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After 9 weeks of treatment

Plate 14: Diabetic Control Rats After 9 Weeks of treatment
Plate Shows Reduced Islet cell mass

Plate 13: Normal control Rats after 9 weeks of treatment
No Histologic change seen

Plate 15: DCR treated with aqueous stem extract
500 mg/kg for 9 weeks
Plate shows normal islet cells

Plate 16: DCR treated with aqueous stem extract
1000 mg/kg for 9 weeks
Plate shows normal islet cells

Plate 17: DCR treated with aqueous stem extract 1500 mg/kg for 9
weeks
Plate shows increased islet cell mass

Plate 18: DCR treated with stem aqueous extract
500 mg/kg and metformin 0.14 mg/kg for 9 weeks
Plate shows near to normal islet cell mass

Fig 3.1: Histopathological studies of the pancreas of normal and diabetic control rats after 3, 6 and 9 weeks of treatment with metformin
alone and its combination with reducdyn.
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