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ABSTRACT  
Background: Glycolytic enzymes (Hexokinase and α-glucosidase) and gluconeogenic enzymes (Glucose-6-phosphatase and fructose-1,6-
disphosphatase) control carbohydrate metabolism and hence glucose hemostasis, an important approach for the control of diabet es. The 
present study was carried out to evaluate the effect of hydro-ethanolic leaf extract of Costus afer on these enzymes.  

Materials and methods: Streptozotocin-induced diabetic rats were administered hydro-ethanolic leaf extract of Costus afer (250, 500 and 
1000 mg/kg body weight) orally for 8 weeks. Effect of the extract was monitored on the decrease in glycemia and the modulatory activities on 
glycolytic and gluconeogenic enzymes activities. The pancreas was also immunohistochemically examined for regeneration of the Islet cells.  

Results: Hydro-ethanolic extract significantly decreased the blood glucose concentration, serum glucose-6-phosphatase and fructose-1,6-
disphosphatase activities which were associated with an increase in the activity of hexokinase in the liver and kidney. immunohistochemical 
examination of the pancreas, revealed the preservation and regeneration of the islet of the Langerhans cells.   

Conclusion: Thus, C. afer acts against hyperglycemia modulating the activities of glucose-6-phosphatase, fructose-1,6-bisphosphatase and 
hexokinase, and regeneration of β-cells. 
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INTRODUCTION  

Carbohydrates are key players in metabolic processes of 
living organisms serving as the main energy sources and as 
structural elements in living cells. The main end product of 
carbohydrate is glucose which is the energy currency in 
almost all living cells and tissues with emphasis placed on its 
synthesis, degradation, and storage. Glycolysis and 
tricarboxylic acid cycle are the energy generating pathways 
of carbohydrate metabolism. In this process, a small amount 
of energy is released when glucose molecule is converted to 
two pyruvate molecules. When the glucose concentration is 
high glycogenesis (glycogenic pathway) is employed for the 
synthesis of glycogen which can be degraded by 
glycogenolysis (glycolytic pathway) when glucose is in short 
supply. Some non-carbohydrate precursors have been 
known to synthesize glucose through gluconeogenesis 1. If 

glucose produced is not required in for immediate energy 
use, then they are stored as glycogen in liver and muscle. In 
this way the cell regulates glucose concentration in the body. 

Diabetes mellitus is a major public health problem in the 
developed as well as developing countries. It was classified 
seventh among the leading causes of death, and third when 
it’s fatal complications are taken in to considerations 2.  
Diabetes mellitus (DM) is defined as a state in which 
homeostasis of carbohydrate and lipid metabolism is 
improperly regulated by insulin3. It is a group of 
heterogenous, hormonal and metabolic disorders 
characterized by hyperglycemia and glucosuria with 
disturbances of carbohydrates, fat and protein metabolism 
resulting from defects in insulin secretion and or insulin 
action 4. Defects in carbohydrate metabolizing and 
consistent efforts of the physiological systems to correct the 
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imbalance in carbohydrate metabolism place an over 
exertion on the endocrine system, which leads to the 
deterioration of endocrine control. For the maintenance of 
normoglycemic status, there must be a coordinated 
regulation of several metabolic pathways including 
gluconeogensis and glycolysis 5. This presents a moving 
therapeutic target that requires different agents to address 
the different features of the disease 6.  The prevalence of 
diabetes is on the rise and WHO has predicted that by 2030 
the number of adults with diabetes will double worldwide, 
from 177 million in 2000 to 370 million. The estimated 
worldwide prevalence of diabetes among adults in 2010 was 
285 million (6.4%) and this value is predicted to rise to 
around 439 million (7.7%) by 2030 7. 

Many diabetic treatments have been developed in the past 
decades with the same underlying goal to maintain adequate 
blood glucose concentration. To date, there are six classes of 
oral antidiabetic agents which are being used in the 
treatment of diabetes mellitus. These include sulfonylureas 
and meglitinides, biguanides, thiazolidinediones, α-
glucosidase inhibitors and dipeptidylpeptidase-4 inhibitors 
8,9. Each of these drugs class exerts on different mechanism 
of action, including stimulation of insulin secretion, 
reduction of hepatic gluconeogenesis, increasing peripheral 
insulin sensitivity, delaying intestinal digestion and 
absorption of carbohydrate, and increasing endogenous 
levels of incretin hormones that act in the presence of 
glucose to stimulate insulin secretion 8,9. Unfortunately, 
these agents have side effects, such as hypoglycemia, weight 
gain, lactic acidosis, vitamin B12 deficiency, gastrointestinal 
problems and pancreatitis 10-12.   

Traditionally, antidiabetic plants might provide a useful 
source of new oral hypoglycemic compounds for 
development as phytomedicine or as simple dietary adjuncts 
to existing therapies 13. Costus afer Ker gawl (family 
zingiberacae) also known locally as “sugar twins”, is found 
easily in Tropical Africa. Traditionally, C. afer have been 
known to possess high medicinal values and is being used 
for the treatment of eruptive fevers, rash, cough, 
hypertension and diabetes. Recent studies have revealed 
that C. afer has a potent inhibiting effect on alpha-amylase 
and alpha-glucosidase with antioxidant capacities 14. In 
another study, we showed that C. afer inhibit glucose uptake 
and possess anti-lipidemic capacities 15. However, little is 
known about its effect on glycolytic and gluconeogenic 
enzymes which play a significan role in glucose metabolism. 
Thus the present study tests the hypothesis that hydro-
ethanolic leaf extract of C. afer possess antidiabetic activity 
by inhibiting the activity of glucose-6-phosphatase and 
fructose-1,6-disphosphatase and increasing hexokinase 
activity. 

MATERIALS AND METHODS  

Chemicals  

The chemicals used for the study were of analytical grade. 
Streptozotocin, metformin, trichloroacetic acid (TCA), 
ammonium molybdate, ferric sulfate, citrate buffer, glucose, 
ATP, magnesium chloride, potassium chloride, Tris-HCl 
buffer, fructose-1,6-diphosphate, EDTA were purchased 
from Sigma-Aldrich Chemie GmbH Kappelweg 1D-91625 
Schnelldorf German.   

Preparation of Costus afer extracts  

The leaves of C. afer were extracted with hydro-ethanolic 
(20:80) solvent. Fresh leaves of C. afer were washed, 
weighed and dried in an oven at 50 °C for 3 days. After 
drying the leaves (1400 g) were grounded and extracted 

with 5L of hydro-ethanolic solvent for 72 hours. The extract 
was filtered and concentrated with the aid of a rotary 
evaporator and freeze dried. The freeze dried sample was 
used for the study.  

Animals  

Male Wistar rats weighing between 180 and 200g were used 
in this study. The rats were raised in the Laboratory of 
Pharmacology of the Centre for Research on Medicinal 
Plants and Traditional Medicine, Yaoundé-Cameroon and 
housed in wire meshed (3 per cage) cages and maintained at 
24 ± 2°C temperature and a cycle of 12:12 hours light/dark 
with free access to food and water at all time. This study was 
carried out in line with the practice and principles of the 
institution on the use of experimental animals respecting the 
2011 Guide for the Care and Use of Laboratory Animals, 8th 
edition and the Animal Welfare Act.  

Induction of diabetes  

After acclimatiation into the laboratory conditions for one 
week, the rats were made diabetic by a single intra-
peritoneal injection of streptozotocin (60 mg/kg body 
weight) freshly dissolved in cold saline (0.9% NaCl) after 
16h of fasting. To overcome the initial hypoglycemic shock, 
rats were administered 5% glucose solution ad libitum for 
24h. Diabetes was confirmed in these rats 7 days after 
streptozotocin injection. Rats with fasting blood glucose 
level exceeding 200 mg/dL were considered to be diabetic 
and included in the study 16.  

 Experimental design    

After the successful induction of experimental diabetes, the 
rats were divided into six groups of six rats each as follow:  

Group I: normal control rats (distilled water)  

Group II: diabetic control rats (distilled water)  

Group III: diabetic rats treated with 250 mg/kg C. afer (DHE 
250),   

Group IV: diabetic rats treated with 500 mg/kg C. afer (DHE 
500),   

Group V: diabetic rats treated with 1000 mg/kg C. afer (DHE 
1000),   

Group VI: diabetic rats treated with 500 mg/kg metformin 
(MET 500).  

All administrations were oral and lasted 8 weeks during 
which food and water consumption and body weight of 
experimental mice were monitored. Blood glucose level was 
measured weekly during the experimental period.  

Sacrifice of rats and preparation of tissue homogenate 

At the end of 8 weeks, the experimental animals were fasted 
for 12 hours then taken into a separate room where they 
were weighed and blood samples collected under 
pentobarbital sodium anesthetized (humane pharmaceutical 
grade, 78mg/kg of body weight administered 
intraperitonially). The animal was fixed on a dissecting 
board and incised mid-ventrally for the collection of the 
pancreas, small intestine, liver and kidneys. The tissues 
except the pancreas (kept for histochemistry) were excised, 
freed of surrounding tissues, blotted with clean tissue paper, 
weighed and homogenized in ice phosphate buffer (0.1 M, 
pH 7.4), to obtain 10% homogenate (w/v). The homogenates 
were centrifuged at 8000 rpm for 10 minutes with the aid of 
a refrigerated centrifuge at 4°C to obtain the supernatants 
and kept frozen (-20°C) before being used for biochemical 
analysis.  
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Determination of enzymes activities 

Assay of intestinal α-glucosidase (EC 3.2.1.20) activity 

The isolated small intestine was cut longitudinally, rinsed 
with ice-cold saline and homogenized in 10 ml saline (0·9% 
NaCl). Aliquots of homogenate were then incubated with p-
nitrophynyl glucopyranoside (5 mM in 20 mM phosphate 
buffer, pH 6.9). The reaction mixture was incubated at 37 oC 
for 20 minutes and stopped by adding 2 ml of 0.1 M Na2CO3. 
The α-glucosidase activity was determined by measuring the 
yellow colored p-nitrophenol released from pNPG at 400 nm 
17. Enzymatic activity expressed in µmol/L of released 
product/mg of protein as determined from the standard 
curve of p-nitrophenol solution (5mM).  

Assay of hepatic and renal hexokinase activity 

Tissue hexokinase (EC 2.7.1.1) was assayed by the method of 
Brandstrup et al. 18. To 1mL of glucose was added 0.5 mL of 
adenosine triphosphate (ATP), 0.1 mL of magnesium 
chloride, 0.4 mL of potassium dihydrogen phosphate, 0.4 mL 
of potassium chloride, 0.4 mL of sodium fluoride and 2.5 mL 
of Tris-HCl buffer and this mixture was preincubated at 37°C 
for 5 min. The reaction was initiated by the addition of 2 mL 
of tissue homogenate. 1 mL of the reaction mixture was 
immediately transferred into a tube containing 1mL of 10% 
TCA that was considered as zero time. A second aliquot was 
removed and transferred in to another tube containing 1 mL 
of 10% TCA after 30 min incubation at 37°C. The protein 
precipitate was removed by centrifugation and the residual 
glucose in the supernatant was estimated 19.  Enzymatic 
activity was expressed in µmol/L of phosphorylated 
glucose/min/mg of protein. Phosphorylated glucose was 
obtained from these equations:  

Free glucose = (OD sample/OD standard) * [standard] (1) 

[Phosphorylated glucose] (μmol/L) = 

 [Glucose in reaction] – [Free glucose] (2) 

Assay of hepatic and renal glucose-6-phosphatase 
activity: 

Activity of glucose-6-phosphatase (EC 3.1.3.9) was measured 
by the method of Koida and Oda 20.  To 0.7 mL of citrate 
buffer (0.1 mol/L, pH 6.5), was added 0.3 mL of substrate 
(0.1 mol/L) and 0.3 mL of tissue homogenate. The reaction 
mixture was incubated at 37°C for one hour after which 1 
mL of the reaction mixture was transferred in to 1ml 10% 
TCA and then centrifuged. The supernatant (1 mL) was then 
added to 1 mL of ammonium molybdate followed by 0.4 mL 
of amino naphthol sulphonic acid (ANSA). The blue color 
that developed after 20 min was read at 680 nm 21. 
Enzymatic activity expressed in µmol/L of released 
product/mg of protein as determined from the standard 
curve of phosphorus solution (1 mM).  

Assay of hepatic and renal fructose-1,6-diphosphatase 
activity 

Fructose-1,6-bisphosphatase (EC 3.1.3.11) activity was 
measured using the method earlier described by Gancedo 

and Gancedo 22. The assay mixture in a final volume of 2 mL 
contained 1.2 mL of Tris-HCl buffer (0.1 mol/L, pH 7.0), 0.1 
mL of substrate, 0.25 mL of magnesium chloride, 0.1 mL of 
potassium chloride solution, 0.25 mL of ethylene diamine 
tetra acetic acid (EDTA) solution and 0.1 mL of enzyme 
homogenate and incubated at 37°C for 5 min. The action of 
the enzyme was stopped by 10% TCA. The suspension was 
centrifuged and the supernatant was made up to 1 mL. To 
this, 1 mL of ammonium molybdate was added followed by 
0.4 mL of ANSA. The blue color that developed after 20 min 
of incubation was read at 680 nm. Enzymatic activity 
expressed in µmol/L of released product/mg of protein as 
determined from the standard curve of phosphorus solution 
(1 mM).  

Immunohistochemical analysis of pancreatic structure 

Pancreas of sacrificed animals were fixed in 10% formalin 
and used for Immunohistochemistry studies. Immuno-
histochemical staining was performed on paraffin sections 
23. Briefly, each section was immunolabeled for β-cells, 
which was accomplished with a monoclonal insulin antibody 
thereafter secondary biotinylated anti-mouse link antibody 
was utilized and positive labeling was visualized using the 
alkaline phosphatase fuchsin method. The primary antibody 
was omitted in the control samples. All sections were 
counterstained with Mayers and mounted in Entallen®. 

Statistical Analysis 

The data was analysed statistically using the GraphPad 
Prism 7.00 software. The results were expressed as mean ± 
SEM of 6 animals. The values were compared using the One-
Way Analysis of Variances (ANOVA) test followed by the 
Tukey multiple comparison test. The differences were 
considered significant at P <0.05. 

RESULTS   

Effect of C. afer extracts on fasting blood glucose 
concentration of diabetic rats  

Experimental rats administered streptozotocin showed an 
increase in fasting blood glucose concentration above 200 
mg/dl and were characterized diabetic. When these diabetic 
rats were treated with hydro-ethanolic leaf extract DHE 250, 
DHE 500 and DHE 1000 a successive reduction in blood 
glucose concentration was observed from week 1 to week 3 
(Figure 1) towards normal. All extract concentrations 
attained normal glucose concentration as compared to the 
normal control at week 4. Meanwhile the diabetic control 
animals still showed a significantly (P < 0.001) high glucose 
concentration compared to the extracts and normal control.  

Figure 2 presents the net reduction in blood glucose 
concentration (percentage reduction) throughout the study. 
Metformin showed the highest percentage reduction 
(75.23%) was not so different from effect of plant extract 
concentrations DHE 250 (73.23%), DHE 500, (74.14%) and 
DHE 1000 (70.6%). A net reduction in glucose concentration 
of the normal and diabetic controls was also observed 
(3.06% and 15.46% respectively) though not comparable to 
the treated groups. 
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Figure 1: Change in blood glucose concentration in streptozotocin model rats treated with DHE 250, DHE 500 and DHE 1000 as 
compare to controls. DHE: Diabetic Hydro-ethanolic. 

Data are expressed as means ± S.D (n = 5). ***p ≤ 0.001 compared with the corresponding value for control rats. 

 

 

 

Figure 2: Net percentage reduction in blood glucose concentration of experimental animals in the course of the study. 

  

Effect of C. afer and metformin on body weight of 
streptozotocin treated rats  

Effect of hydro-ethanolic leaf extract C. afer and metformin 
on body weight of STZ-treated rats is presented in Figure 3. 
A significant (p<0.05) increase in body weight was observed 
in the normal control animals as compared to the diabetic 

control. Thus the administration of STZ significantly 
decreased body weight gain. Treatment with plant extract 
and metformin significantly inhibited the effect of STZ on 
body weight and weight gain increased significantly (p<0.05) 
towards normal. DHE 500, DHE 1000 had more protective 
effect than MET 500 the reference drug.  
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Figure 3: Effect of plant extract and metformin on weight gain in STZ treated animals compared to control. 

 

Effect of C. afer and metformin on carbohydrate 
metabolizing enzymes of STZ treated rats 

Table 1 shows the effect of C. afer extract on the activities of 
α-glucosidase, hexokinase, glucose-6-phosphatase and 
fructose-1,6-diphosphatase in streptozotocin-induced 
diabetic rats. STZ administration significantly reduced the 
enzyme activity of hexokinase as compared to the normal 
control. However, administration of C. afer extract and 
metformin to diabetic rats significantly inhibited (P < 0.05) 
the effect of STZ on this enzyme. DHE 500 and DHE 1000 
were the most effective though not comparable to the effect 
of MET 500 (standard drug).  The intestinal α-glucosidase 
activity was significantly increased by STZ administration as 

shown in the diabetic group of animals. As expected plant 
extract and metformin equally inhibited (P < 0.05) the effect 
of STZ on rat intestinal disaccharides activity.   

STZ-induced diabetic rats showed a significant increase in 
the activities of glucose-6-phosphatase (0.730 ± 0.280 
U/min/mg protein) and fructose-1,6-diphosphatase (5.460 ± 
0.750 U/min/mg protein) when compared to normal control 
rats. However, administration of C. afer (1000 mg/kg b.w) in 
diabetic rats significantly reduced the activities of glucose-6-
phosphatase (0.27 ± 0.06 U/min/mg protein) and fructose-
1,6-diphosphatase (2.01 ± 0.46 U/min/mg protein) as 
compared to diabetic control rats. 

   

 

Table 1: Effect of C. afer and metformin on the activities of α-glucosidase, glucose-6-phosphatase, fructose-1,6-diphosphatase 
and hexokinase of experimental animals. 

Enzymes  Place    Control  Diabetic  DHE 250   DHE 500   DHE 1000   MET 500   

α-glucosidase  

(U/min/mg 
protein)  

Small 
intestine 

0.49±0.10b  0.64±0.09c  

0.33±0.08ab  

0.24±0.05a 0.26±0.01a  0.30±0.05ab 

Hexokinase 
(U**/min/mg 

protein  
Liver  4.08±0.15a   2.49±0.55b  3.28±1.16a.b  4.66±0.70a   4.49±2.21a   5.76±0.66a  

Glucose-6-
phosphatase  

(U*/min/mg 
protein)  

Liver  0.32±0.08a   0.73±0.28b   0.34±0.04a   0.24±0.05a   0.27±0.06a   0.29±0.06a   

kidneys  
0.24±0.10a  0.34±0.08b  0.30±0.10ab

   
0.23±0.02a   0.24±0.04a   0.27±0.07a   

Fructose-1,6-
diphosphatase  

(U*/min/mg 
protein)  

Liver  
1.70±0.10a  5.46±0.75b      2.04±0.69a  2.14±0.15a  2.01±0.46a  2.25±0.4a  

kidneys  0.29±0.06a  0.53±0.18b   0.32±0.17a  

 0.37±0.03a   0.31±0.08a   

0.42±0.19a.b  

U* = moles of inorganic phosphorus liberated; U** = moles of glucose phosphorylated. Each value is a mean ± SD of six rats in each 
group. Values not sharing a common superscript (a, b, c) differ significantly (p<0.05).  
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Effect of C. afer and metformin on the Islet cells of the 
pancreas of experimental rats  

The immunohistochemistry examination of pancreatic 
tissues of experimental animals is presented in Figure 4.  In 
untreated diabetic rats (b) the absence of insulin in the islet 

cells in pancreas was obvious. Treatment of experimental 
animals with hydroethanolic extract of C. afer (c) and 
metformin (d) revealed large surface of immunoreactivity 
(yellow) indicating the presence of insulin, compared to 
control in the pancreas of diabetic rats. This surface of 
immunoreactivity is comparable to normal group (a). 

  

 

 

Figure 4: Immuno-histochemical aspect of the pancreas of normal and diabetic control rats after 8 weeks of treatment with C. 
afer and metformin. 

 

DISCUSSION   

Streptozotocin-induced hyperglycemia in animals is 
considered to be a good model for the preliminary screening 
of agents active against diabetes and is widely used 24. It is 
known for its selective β-cell toxicity. Streptozotocin (STZ) is 
a potent DNA methylating agent and acts as a nitric oxide 
donor in pancreatic cells. β-cells are particularly susceptible 
to damage by STZ, a cytotoxic agent 25. As a result, the 
expression and secretion of insulin is declined significantly 
there by leading to hyperglycemia, a clinical hallmark of 
diabetes. Metformin is often used as a standard antidiabetic 
drug in streptozotocin induced diabetic rats studies to 
compare the efficacy of a variety of hypoglycemic 
compounds/agents 26.  

From the results obtained, it is evident that diabetic rats had 
much higher glucose level than the control rats. Some 
substances have shown antidiabetic effect by influencing β-
cell to stimulate insulin secretion and restore insulin 
sensitivity 27. The present data indicated that C. afer 
significantly decreased blood glucose levels in treated 
diabetic rats as compared with control diabetic rats. This 
may be due to the insulin release of C. afer on peripheral 
tissues, either by promoting glucose uptake and metabolism, 
or by inhibiting hepatic gluconeogenesis 27.  

Weight lose is one parameter of importance in measuring the 
improvement of diabetic state. In diabetes mellitus, deranged 
glucagon-mediated regulation of cyclic AMP formation in 
insulin deficiency leads to accelerated proteolysis 28. 
Normalization of carbohydrate, protein and fat metabolism 
would alleviate the diabetic symptom of weight loss; 

therefore, body weight holds one of the key in evaluating the 
effectiveness of an antidiabetic treatment 29. The present 
study also revealed that body weight was increased in the 
control rats, whereas a significant reduction was observed in 
diabetic rats. Loss of weight is an indication of the 
degradation of structural proteins in diabetic situation 30. C. 
afer and Metformin treatment significantly prevented the 
loss in the weight. This shows that C. afer has the ability to 
reduce hyperglycemia complication.  

 The liver is an essential organ in glycolysis and 
gluconeogenesis for the regulation of blood glucose 
concentration. A partial or total deficiency of insulin causes 
derangement in carbohydrate metabolism that decreases the 
activity and expression of a few key carbohydrate metabolic 
enzymes such as hexokinase and phosphofructokinase, 
resulting in impaired peripheral glucose utilization and 
increased hepatic glucose production contributing to 
hyperglycemia 31. Hexokinase is the key enzyme in the 
catabolism of glucose, which phosphorylates glucose and 
converts it into glucose-6-phosphate during diabetes; its 
activity is severely impaired 32. In the present study, 
streptozotocin administration significantly inhibited the 
hexokinase activity. Treatment with C. afer and metformin 
elevated the activity of hexokinase and it is more 
pronounced in the group treated with C. afer (1000mg/kg of 
bw). C. afer may have stimulated insulin secretion to activate 
hexokinase activity. This increased activity of hexokinase 
may stimulate increased glycolysis and utilization of glucose 
for energy production. A similar study in which plants 
extracts stimulates the activity of hexokinase has been 
demonstrated by Ananda et al. 33. 

a      b   

Insulin   

c  d   

Insulin   

Insulin   
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Glucose-6-phosphatase plays a key role in blood glucose 
metabolism by catalyzing the hydrolysis of glucose-6-
phosphate in the common terminal step of the gluconeogenic 
and glycogenolytic pathways 34. This is an important 
regulatory enzyme involved in the release of glucose from 
the liver and kidneys through a mechanism involving gene 
expression or inhibition of its enzymatic activity. Fructose 
1,6-bisphosphatase is one of the key enzyme of the 
gluconeogenic pathway. It catalysis the rate limiting step of 
the conversion of fructose-1,6-bisphosphate to fructose 
which is necessary for reversal glycolysis 35. It catalyzes one 
of the irreversible steps in gluconeogenesis and serves as a 
site for the regulation of this process 36. The levels of these 
two gluconeogenic enzymes (glucose-6-phosphatase and 
fructose-1,6-bisphosphatase) are increased in diabetic 
condition. The increase in activity of these gluconeogenic 
enzymes may be related to insulin deficiency which functions 
as a suppressor of these enzymes. However, in C. afer treated 
rats, the activities of glucose-6-phosphatase and fructose-
1,6-bisphosphatase were maintained towards normal which 
shows the protective effect of this plant. In the same way, C. 
afer also inhibited activity of intestinal α-glucosidase, 
increased in diabetic control. This result confirmed the 
previously published data on in vitro inhibitory activity of C. 
afer on carbohydrate metabolizing enzyme 14.  

Immunohistochemistry of the pancreas showed absence of 
staining for insulin in the β-cells in diabetic control which 
was present in the normal control. Absence of βcells in 
untreated diabetic rats may be due to the destructive effect 
of STZ characterized by degranulation and loss of insulin 
secretion. While, in the C. afer and metformin-treated rats’ 
immunochemical staining of insulin (yellow color) were 
observed. Implying that C. afer and metformin, can improve 
the viability of pancreatic β-cell and induce its regeneration 
after 8 weeks of treatment. Similar results have been 
reported by Nwauche et al. 37, who observed that the islet 
cells of diabetic rats treated with aqueous stem extract of C. 
afer and in combination with metformin, were repopulated 
during a nine weeks treatment.  

CONCLUSION   

The over production of blood glucose by excessive hepatic 
glycogenolysis and gluconeogenesis and decreased 
utilization of glucose by the tissues is a fundamental cause of 
hyperglycemia in diabetes mellitus. The hydroethanolic 
extract of C afer administration in diabetic rats induced a 
reduction in blood glucose concentration which may be due 
to increased production of insulin in beta cells of pancreas 
and increased utilization of glucose by tissues. This was 
characterized by inhibition of the activity of key hepatic 
gluconeogenic enzymes glucose-6-phosphatase, fructose-1,6-
bisphosphatase and accelerated rate of glycolytic hexokinase 
and regeneration of β-cells. The antidiabetic effect of C. afer 
was comparable to metformin, suggesting its high potential 
to be developed as a plant-derived antidiabetic agent.  
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