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ABSTRACT

Aims: To evaluate the antidiabetic efficacy of the aqueous extracts of Spondias mombin leaf and
Costus afer stem, both individually and in combination ratios, as well as the acute and subchronic
toxicities of the most effective antidiabetic combination ratio.

Study Design: Antidiabetic study was carried using diabetic animals grouped into seven of five
animals each.

Place and Duration of Study: Department of Pharmacology and Toxicology, Nnamdi Azikiwe
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University, Awka, Anambra State, Nigeria, between May 2013 and June 2014.

Methodology: Alloxan-induced diabetic rats received 100, 200 and 400 mg/kg of the extracts
orally; control groups received glibenclamide (5 mg/kg, oral) and normal saline. Blood glucose was
measured 2-hourly for 6 hours and weekly for 28 days. The LDsy of both plants was estimated
using the modified Lorke’s method.

Results: The toxicity of the 1:1 mixture on body weight, haematological indices (RBC, WBC, PCV,
and haemoglobin), and liver enzymes (AST, ALT, and ALP) were assessed for 60 days. The
aqueous extracts of Spondias mombin and Costus afer showed significant (p>0.05) hypoglycaemic
effect, with the 1:1 ratio having the best antidiabetic effects among the ratios when co-
administered. There were non-significant (p>0.05) variations in weight change, RBC, WBC, PCV,
and hemoglobin concentration, as well as in AST, ALT, and ALP levels of the test groups.
Conclusion: This study justifies the antidiabetic activity of the aqueous extracts of Spondias
mombin and Costus afer, both individually and as mixtures of various ratios, especially when

combined in equal proportions (1:1).

Keywords: Spondias mombin; Costus afer; alloxan; herbal decoction; diabetes; toxicity.

1. INTRODUCTION

Diabetes is a disease associated with glucose
metabolism resulting from defects in insulin
secretion and action [1]. It is recognized as one
of the leading causes of mortality and morbidity
in the world [2]. The prevalence of diabetes in
Nigeria with over 250 tribes was recorded by the
International Diabetes Federation as 3.9% [3].

Despite the numerous antidiabetic drugs, natural
products still remain the treatment of choice
especially in developing countries and rural
settlements. Natural products use in the
management of diabetes is attributed to their
effectiveness, less side effects and relatively low
cost [4]. Natural products from medicinal plants
such as; Gynura bicolor [5], Thuamatococus
daneilli [6] among others [7], had been
scientifically proven to posses hypoglycemic
properties.

Spondias mombin (Anacardiaceae) is a plant
whose leaf, bark, roots and seeds are used for
medicinal purposes. The ethanol extract of the
stem bark have been shown to possess
antidiabetic activity on rats [8]. Fred-Jaiyesimi et
al. [9] had also identified antidiabetic principle
(3B-olean-12-en-3-yl (9Z)-hexadec-9-enoate, an
a- amylase inhibitor, isolated from S. mombin
leaf as an alkane derivative.

Costus afer (Costaceae) is a perennial and
rhizomatous herb found in Nigeria and commonly
called bush cane [10]. The aqueous leaf and
stem bark extracts of Costus afer are being used
in the treatment of diabetes mellitus in folklore
medicine [11]. Its stem extract has also been
shown to have antioxidant effect [12].

In the rural communities of Delta State, various
combination ratios of the leaf of Spondias
mombin and stem of Costus afer decoctions
have been widely used for the control of
diabetes. Despite the popular use of these
decoctions, no information exists about the most
effective ratio. Also, since diabetes is a chronic
disorder, this study evaluated the antidiabetic
effectiveness of both plant parts, the most
effective combination ratio, and the subchronic
toxicities of the most effective ratio.

2. METHODOLOGY
2.1 Animals

Wistar rats of both sexes weighing between 120-
240 g were obtained from the colony breed of the
animal house of the Faculty of Pharmaceutical
Sciences, Nnamdi Azikiwe University, Agulu,
Anambra State. The rats were kept in cages
under standard conditions and fed with standard
diet (Growers feed) and clean water ad libitum.
The animals were allowed to acclimatization for
two weeks prior to the commencement of the
experiment. Animals were handled in compliance
with NIH Guide for care and use of laboratory
animals (pub. No. 85-23 revised 1985), and
approved by the Faculty of Pharmaceutical
Sciences, Nnamdi Azikiwe University’s ethical
committee for the use of laboratory animals.

2.2 Plant Material

Fresh leaves of Spondias mombin and stems of
Costus afer were collected from the school
garden of Delta State University, Abraka and
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authenticated by the
Pharmacognosy, Faculty of Pharmacy,
State University, Abraka.

Department of
Delta

2.3 Plant Extraction

The plant materials were cut into pieces, air-dried
at ambient temperature and blended into coarse
powder. The powdered Spondias mombin (500
g) was dissolved in 1500 ml of distilled water,
while the powdered Costus afer (500 g) was
mixed in 2500 ml of distilled water. Both
suspension were stirred every six hours. After 72
hours the solutions were then filtered and the
filtrate concentrated to dryness using a freeze-
dryer to yield a residue, 49.6 g (9.9%) for
Spondias mombin and 18.2 g (3.6%) for Costus
afer.

2.4 Acute Toxicity (LDso)

The acute toxicity (LDsp) study was carried on
Spondias mombin and Costus afer using a
modified Lorke’s method [13]. Animals (rats and
mice) of either sex were fasted overnight prior to
the study. Oral doses of 10, 100, 1000 mg/kg
were used in phase |, while 2000, 3000, 4000,
and 5000 mg/kg were given in phase Il to the
treated groups; the control groups received 10
ml/kg of normal saline. The median lethal dose
(LDsp) was estimated after observing the animals
for 24 hours for obvious toxic symptoms or
mortality.

2.5 Antidiabetic Studies

Animals were fasted for 18 h (but allowed access
to water) before induction of hyperglycaemia,
which was accomplished by intraperitoneal
injection of 150 mg/kg of alloxan monohydrate
[8]. Animals were fed ad libitum 1 h after
alloxanisation. Fasting blood glucose (FBG) was
monitored before and after alloxanisation from
samples collected from the tail tip, by means of a
glucometer  (ACCU-CHEK®  Active)  and
compatible blood glucose test strips. The diabetic
state of the animals was assessed by FBG
measurement 72 h after alloxanization, and rats
with FBG of = 150 mg/dl were selected for the
study [14].

2.6 Experimental Design
The diabetic animals were divided into seven

groups; Group 1 received 10 ml/kg of normal
saline, Group 2 received glibenclamide 5 mg/kg,

Groups 3 and 4 received 100 and 200 mg/kg of
the individual plant extracts, while Groups 5-7
received combined extracts of Spondias mombin
and Costus afer at the doses of 100, 200, and
400 mg/kg in the ratios of 1:1. 1:2 and 2:1
respectively.

After a single oral administration of the extracts,
blood from the rat’s tail vein was obtained hourly
for 6 hours and the blood glucose determined
using a glucometer. Thereafter, daily
administration of the extracts continued for 4
weeks and blood glucose measured every week.
The percentage change in blood glucose,
presented in parenthesis, was calculated using
the formula below.

% Blood Glucose = (Ginitiat - Gfinal) % 100

Ginitial

Where Giiar is initial blood glucose level and
Giina I8 final blood glucose level.

2.7 Toxicity Studies

Haematological and liver toxicities were carried
out for 2 months using forty rats which were
randomly divided into four groups of 10 rats
each. After pretreatment studies, Group 1 served
as control and received normal saline (orally).
Groups 2-4 received 250 mg/kg, 500 and 1000
mg/kg of oral doses of the combined aqueous
extracts of Spondias mombin and Costus afer
(1:1) respectively. Toxic manifestations and
mortality were monitored daily and the body
weight changes were also recorded every 7
days.

Blood samples were withdrawn from all groups of
animals at the 31 and 61 days, and analyzed for
toxicological parameters relating to liver function
(aspartate aminotransferase, AST, alanine
aminotransferase, ALT, and alkaline phosphate,
ALP), and haematological indices (packed cell
volume, PCV, haemoglobin concentration, Hb,
red blood cell count RBC, and white blood cell
count, WBC). After blood withdrawal, animals
were sacrificed and the livers from two rats per
group were harvested for histopathological
analysis [15].

2.8 Statistical Analyses

Significant difference between control and
experimental groups were obtained by student’s
t-test using SPSS version 16. All data obtained
were expressed as MeantSEM (standard error
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of mean). Graphical representation was done
using Microsoft Excel 2010. P-values <0.05 were
considered significant.

3. RESULTS AND DISCUSSION
3.1 Acute Toxicity (LDso)

No death was recorded in the acute toxicity
testing for all animals and there was also no
obvious signs of toxicity in all treatment groups
in both species (rat and mice) and phases (1 and
2) when observed within 24 hours of post-
administration of the aqueous extracts of
Spondias mombin and Costus afer. The LDsq of
the extracts was greater than 5000 mg extract/kg
body weight.

3.2 Effects on Blood Glucose

Figs. 1-3 show the effects of the plant extracts
and the various combination ratios on blood
glucose levels in diabetic rats.

Following the first 6 hours of initial treatment,
both Spondias mombin (SM) treated groups and
Costus afer (Costus) treated group had 18.78
and 18.55% reduction in FBS at 100 mg/kg, 8.44
and 12.01% FBS reduction at 200 mg/kg, and
16.15 and 24.30% FBS reduction at 400 mg/kg
respectively. It was seen that at 400 mg/kg,
Costus reduction of blood glucose was as high
as GLB (glibenclamide) which was 24.64%. The
blood glucose in the untreated diabetic group
reduced by 4% (288+33.47 to 276.2+31.62
mg/dl). This showed that Costus had a higher
hypoglycaemic effect than Spondias mombin
with single dosing. The percentage reduction of
blood glucose by the combination ratios of
Spondias mombin to Costus, 1:1, 1:2, and 2:1
showed 10.79, 10.20, and 7.56% at 100 mg/kg,
13.16, 3.24, and 8.26% at 200 mg/kg, and 13.93,
9.23, and 9.73% at 400 mg/kg respectively after
6 hours of single dosing. All ratios produced a
weak hypoglycaemic activity (3.24-13.93%), with
1:1 ratio having the best activity and 1:2 ratio
having the least activity.

Weekly determination of FBS level showed that
by the fourth week, the blood glucose was
significantly (P<0.05) decreased in the treated
groups, whereas there was an increase in blood
glucose level in the untreated diabetic group. In
the Spondias mombin treated group, the blood
glucose significantly decreased by 60.87, 64.29,
and 61.10% at 100, 200, and 400 mg/kg

respectively after 4 weeks, while the Costus
treated group showed a significant decrease in
FBS by 44.91, 38.70, and 53.63% at 100, 200,
and 400 mg/kg respectively. The glibenclamide-
treated group showed a 63.78% blood glucose
reduction. In contrast, the untreated diabetic
group had an increase in blood glucose from
288+33.47 to 314.4+39.91mg/dl (9.17%). This
indicates that Spondias mombin has a higher
activity in lowering blood glucose than Costus.
Spondias mombin had the highest
hypoglycaemic activity at 200 mg/kg, (64.29%),
even better than the glibenclamide-treated group.
Evaluation of the hypoglycaemic activity of the
different ratios of the mixture of both Spondias
mombin and Costus extracts showed that 1:1,
1:2, and 2:1 reduced blood glucose by 55.65,
54.12, and 54.37% respectively at 100 mg/kg,
56.68, 47.14, and 47.26% at 200 mg/kg, and
57.04, 43.86, and 56.07% at 400 mg/kg after 4
weeks of treatment. Ratio 1:1 of the mixture
showed the best activity when administered at
100, 200 and 400 mg/kg, whereas the 1:2 ratio
showed the least hypoglycaemic activity
(43.86%) among all three mixtures.

3.3 Subchronic Toxicity Study

In the toxicological study, 250, 500, and 1000
mg/kg of oral doses of the combined aqueous
extracts of Spondias mombin and Costus afer
(1:1) were administered to animals.

3.3.1 Effects on body weight

There was insignificant (p>0.05) increase in body
weight of the animals when compared to the
control (Table 1).

3.3.2 Effects on haematological indices

A non-significant  difference  (p>0.05) in
hematological indices such as packed cell
volume (PCV), red blood cell (RBC) count, white
blood cell (WBC) count, and haemoglobin (Hb)
concentration was observed between control and
treated groups during the two months duration
(Tables 2 and 3).

3.3.3 Effects on liver enzymes

The treated groups showed insignificant (p>0.05)
changes in serum levels of ALT, AST and ALP
when compared with the control group (Tables 4
and 5).
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3.3.4 Histopathology of the liver

At the end of sub-chronic study,
photomicrographs of the liver tissues showed
mild to moderate infiltration by leucocytes on
hepatocytes and mild hepatocellular necrosis in
the treated groups (Fig. 4).

In this study, Type Il diabetic animals that
received herbal decoction of Spondias mombin
(SM) and Costus afer (Costus) mixture at equal
proportion (1:1) achieved antidiabetic activity
than those that received the mixture at unequal
ratios (1:2 or 2:1) of the extracts. There were no
obvious adverse effects associated with
receiving Spondias mombin and Costus afer
mixture for the treatment of diabetes mellitus.
The LDsg of the extracts was greater than 5000
mg extract/kg body weight.

From this study, it was observed that the
administration of the aqueous extracts of
Spondias mombin and Costus afer at different
doses to diabetic rats resulted in significant
(p<0.05) reduction of their plasma glucose levels.
Following chronic usage (28 days), Spondias
mombin was better of both extracts, in the
reduction of the blood glucose. Although, for
single dosing (acute use) Costus afer at 400
mg/kg is preferred since it effectively reduced
hyperglycaemia than Spondias mombin. The
combination of both Spondias mombin and
Costus afer in the ratio of 1:1 yielded the best
antidiabetic activity when used both acutely and
over a prolonged period of time as compared
with the 1:2 or 2:1. Neither 1:2 nor 2:1 ratio
showed any better hypoglycaemic effect than the
1:1 ratio but they both reduced blood glucose by
at least half after chronic administration
especially at 100 and 400 mg/kg. This indicates
that all mixtures were effective in lowering blood
glucose.

The comparison between the hypoglycaemic
activity of the individual plant parts and their
mixtures following weekly evaluation revealed
that Spondias mombin at 100, 200 and 400
mg/kg is better than both Costus afer and the
plant parts mixtures (1:1, 1:2, and 2:1). Also, the
1:1  mixture produced a higher anti-
hyperglycaemic activity than Costus afer. This
implies that a better antidiabetic activity of their
mixtures is attained when both extracts are
combined in equal proportions.

Previous studies had assessed the antidiabetic
potential of these individual plant parts. A study

carried out by [16] showed that the methanol leaf
extract of Spondias mombin and its chloroform
fraction exhibited significant blood glucose
lowering effect in experimental diabetic rats after
8 hours of administration when compared with
the control. The chloroform fraction of Spondias
mombin showed a peak hypoglycaemic effect of
60.6% at 4™ hour. In another study, Nwauche
and co-worker [17] validated the use of aqueous
stem extract of Costus afer to treat
streptozotocin-induced diabetic rats. At 500
mg/kg, blood glucose level remarkably
decreased between the 3™ and 9" weeks of
treatment.

The results of this present study is consistent
with the findings of Fred-Jaiyesimi and Abo; as
well as Nwauche and co-worker [16,17] where
both individual plant parts of Spondias
mombin and Costus afer produced significant
(P<0.05) decline in plasma glucose level.

The animals treated with the extract mixture (1:1)
showed increased appetite, food and water
consumption, but there was non-significant
difference (P>0.05) in their body weight gain
(Table 1). This is an indication that the mixture is
unlikely to cause obesity since the feeding
patterns of the animals were normal [18].

Assessment of haematological parameters can
be used to determine the extent of deleterious
effect of foreign compounds, including plant
extracts, on the blood constituents of an animal
[19]. In this study, non-significant differences in
the haematological indices (PCV, RBC, WBC, Hb
concentration; (Tables 2-3) when compared to
their respective control groups, suggest the
unlikelihood of the aqueous extracts mixture of
Spondias mombin and Costus afer (1:1) to
induce anaemia or disrupt the circulating cells of
the immune system on long term use
[18,19,20,21].

Alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST) are largely used in the
assessment of liver damage by drugs or other
hepatotoxins. Liver cell permeability, congestion
or cell rupture are characterized by a rise in
serum enzymes like AST, ALT and alkaline
phosphatase (ALP) [22]. The non-significant
(P>0.05) increase in AST level and ALP, as well
as the non-significant (P>0.05) decrease in ALT
level on the 31 and 61% days (Tables 4 and 5)
indicates that the aqueous extracts mixture of
Spondias mombin and Costus afer (1:1) is less
likely to cause hepatocellular damage or
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cholestasis [23]. The photomicrographs of the
liver revealed mild infiltration by leukocytes in
treated groups that received 250, 500 and 1000
mg/kg of the 1:1 mixture for 60 days (Fig. 4).

Although, we are much encouraged with the
apparent effects of the 1:1 decoction of Spondias

mombin and Costus afer, further studies on the
neprotoxic, mutagenic, and teratogenic effects on
Wistar rats is needed to fully characterize the
toxicity of this decoction.

Fig. 4. Liver histology

(a) Control - Normal hepatocytes arranged in radiating chords around the central veins, (b) 250 mg/kg - Mild to
moderate periportal infiltration of mononuclear leukocytes (arrow) with mild coagulative hepatocellular necrosis,
(c) 500 mg/kg - Moderate infiltration of inflammatory leukocytes (arrow) around the portal area, (d) 1000 mg/kg -

Moderate periportal infiltration of mononuclear leukocytes (arrow). P- Portal area, C- central vein

Table 1. Effects on body weight changes (g)

Dose (mg/kg) Pre-treatment 31% day 61° day

250 113.02+4.38 160.96+9.58 198.12+10.97
500 122.64+9.41 189.34+11.92 245.62+15.02
1000 125.38+9.25 180.34+9.13 211.66+13.00
Control 138.50+10.65 184.46+8.47 210.46+5.25

Values are expressed as Mean +SEM of sample replicates (n=5)
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Table 2. Effect of Spondias mombin and Costus afer (1:1) on haematological indices of wistar
rats treated for 30 days

Treatment PCV (%) RBC (10°/mm°) WBC (10°/mm°) Hb (g/dl)

250 mg/kg 45.00+2.26 43.32+4.37 24.84+1.03 11.26+0.47
500 mg/kg 42.00+2.29 42.80+4.85 24.02+1.58 12.94+0.82
1000 mg/kg 44.60+1.86 30.94+2.07 22.72+0.38 13.000.81
Control (normal 40.80+2.56 38.98+4.46 19.52+2.88 10.90+1.39

saline, 10 ml/kg)

Values are expressed as Mean +SEM of sample replicates (n=5)

Table 3. Effect of Spondias mombin and Costus afer (1:1) on haematological indices of wistar
rats treated for 60 days

Treatment PCV (%) RBC (10°/mm’) WBC (10/mm°) __ Hb (g/dI)
250 mg/kg 41.60+1.69 42.08£2.95 27.84+2.91 8.19+2.60
500 mg/kg 40.20£2.37 42.80+3.45 29.06+1.57 8.22+1.47
1000 mg/kg 35.80+2.01 32.90+1.43 31.54+0.86 5.48+0.57
Control (normal 39.40+3.59 39.04+2.99 31.423.33 5.23+0.94

saline, 10 ml/kg)

Values are expressed as Mean +tSEM of sample replicates (n=5)

Table 4. Effect of Spondias mombin and Costus afer (1:1) on liver enzymes of wistar rats
treated for 30 days

Treatment AST (IU/L) ALT (IU/L) ALP (IU/L)
250 mg/kg 50.80+12.04 16.10£1.85 35.6615.23
500 mg’kg 43.40£10.25 16.60+£3.97 39.98+2.39
1000 mg/kg 49.20+£12.97 16.40£1.91 52.60+5.19
Control (normal saline, 60.80+10.63 22.70+2.53 41.42+3.01
10 ml/kg)

Values are expressed as Mean +tSEM of sample replicates (n=5)

Table 5. Effect of Spondias mombin and Costus afer (1:1) on liver enzymes of wistar rats
treated for 60 days

Treatment AST (IU/L) ALT (IU/L) ALP (IU/L)
250 mg/kg 39.80+13.70 11.30+3.60 34.98+3.32
500 mg/kg 40.60£13.55 9.10+2.37 34.78+4.65
1000 mg/kg 45.40£13.72 12.404£3.48 36.06+2.26
Control (normal saline, 39.80+12.17 8.30+2.00 42.88+2.96
10 ml/kg)

Values are expressed as Mean +tSEM of sample replicates (n=5)

4. CONCLUSION

This study has shown that the acute and sub-
chronic (4 weeks) administration of the aqueous
extracts of Spondias mombin and Costus afer,
both individually and as mixtures of various
ratios, resulted in effective anti-hyperglycemic
activity in alloxanized rats; however, the result
showed that the combination of both plants
provide the best antidiabetic effect when they are
of equal ratios (1:1). The study also showed that
the 1:1 mixture is relatively safe at the doses

tested. However, since diabetes is a chronic
disease, liver toxicities should be intermittently
evaluated when in use.
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