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Abstract 
The treatment and management of diabetes mellitus has been a challenge to 
achieve a total cure using conventional drugs. Hypoglycemic and hypolipi-
demic effects of bitter kola (Garcinia kola) seed extract on alloxan-induced 
diabetic rats were studied as a local product. Albino rats weighing about 200 g 
were investigated in groups using 200 - 800 mg/kg weight of bitter kola seed 
extract and the sample examined for glucose and lipid profiles using enzy-
matic methods and statistically analyzed using statistical package for social 
science (SPSS) windows, version 20.0. The results were expressed as the Mean 
± SD. The results for the serum glucose and low density lipoprotein choleste-
rols (LDL-C) concentrations of untreated diabetic rats, and treated rats showed 
a significant (P < 0.05) progressive decrease from 200 - 800 mg/kg when com-
pared to the control rats. Total cholesterol (TC) and triglycerides (TG) con-
centrations for untreated diabetic rats, and treated rats showed increase in 
concentration which was not significant (P > 0.05) from 200 - 800 mg/kg 
weight when compared with the controls. High density lipoproteins (HDL-C) 
concentrations for untreated diabetic rats, and treated rats showed increase in 
concentration which was significant (P < 0.05) from 200 - 800 mg/kg weight 
when compared with the controls. This study confirms the hypoglycemic and 
hypolipidemic effects of bitter kola (Garcinia kola) seed extract. 
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1. Introduction 

Diabetes mellitus is the commonest endocrine disorder known to man. It is es-
timated that there are 135 million people in the world with diabetes and that this 
figure would rise to 380 million by 2025 [1]. This WHO report also pointed out 
that low and middle income countries will bear the brunt of the increase with 
Africa contributing significantly to this rise [2]. Diabetes primary defect is in fuel 
metabolism and this culminates in widespread multi-organ complications that 
ultimately affect every system of the body including the hematopoietic system. 
Diabetes is associated with profound alterations in plasma lipid and lipoprotein 
profile and with an increased risk of coronary heart disease [3]. Increased trigly-
ceride and reduced high density lipoprotein cholesterol levels are the key cha-
racteristics of dyslipidemia in type 2 diabetes. The increasing incident of Di-
abetes mellitus in the developing countries especially in the younger age group 
affecting mainly the people in the productive years of their lives is also of great 
concern [4]. The chronic hyperglycemic of diabetes is associated with long term 
damage, dysfunction and failure of different organs especially the eyes, kidney, 
nerves, heart and blood vessels [5]. 

The laboratory determination of blood products and parameters for the pur-
pose of disease diagnosis is highly accurate, sensitive and reliable and has re-
mained the bedrock of ethical and rational research, disease diagnosis, preven-
tion and treatment [6]. Reactive Oxygen Species (ROS) have been implicated in 
the mechanism of damage of red blood cells in diabetic patients [7]. As a conse-
quence, complications develop which consist of mainly abnormalities in func-
tion, morphology and metabolism of erythrocyte, leucocytes and platelets [8]. It 
is an established fact that RBC and WBC decrease in diabetic than non-diabetic 
patients [9]. Anaemia has also been identified succinctly as a common complica-
tion of diabetes mellitus [10]. Lipid measurements are integral components of 
risk prediction in the primary prevention of cardiovascular disease and man-
agement of therapy in the primary and secondary prevention of coronary heart 
disease [11]. 

This article could be justified due to the fact that conventional treatment of 
diabetes mellitus is based on oral hypoglycemic agents and use of insulin. Un-
fortunately, these agents do not restore normal glycemic state and even fail after 
some time. These are outside the numerous complications of side effects they 
present on prolonged usage. The need to discover an oral hypoglycemic agent 
that will not only restore normal glycemia but also ameliorate the gamut of 
complications associated with diabetes becomes apparent and thus, this study 
seeks to determine the effect of oral administrations of bitter kola seed extract on 
hyperglycemic and hyperlipidemic induced diabetic rats and also seek to deter-
mine the oral hypoglycemic agent as alternative to conventional drugs. In addi-
tion, lipids and lipoproteins are virtually involved in the development of athe-
rosclerosis, a pathogenic process that is the underlying cause of the common 
cardiovascular disorders of myocardial infarction, cerebrovascular disease and 
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peripheral vascular disease [12]. 
The main characteristic of type-1 diabetes mellitus is an autoimmune destruc-

tion of the pancreatic beta cells, leading to lack of insulin production. In animal 
models, this deficiency in insulin production is achieved by a variety of different 
mechanisms, ranging from chemical ablation of the beta cells to breeding ro-
dents that spontaneously develop autoimmune diabetes [13]. In chemically in-
duced model of type-1 diabetes mellitus, a high percentage of the endogenous 
beta cells are destroyed, and thus, there is little endogenous insulin production, 
leading to hyperglycemia and weight loss. Chemically induced diabetes not only 
provides a simple and relatively cheap model of diabetes in rodents but can also 
be used in higher animals [3]. Alloxan is used to induce diabetes because of its 
similarity in structure to glucose. Glucose can compete with alloxan and thus, 
fasting animals tend to be more susceptible [14]. One disadvantage with chemi-
cally induced diabetes is that, the chemical can be toxic at other organs of the 
body. It should also be noted that changes in P450 isoenzymes in the liver, kid-
ney, lung, intestine, testes and brain have been reported after administration of 
alloxan, and thus, this should be considered when drugs are being tested in these 
model [15]. 

Garcinia kola, commercially known as Bitter Kola belongs to the family Clu-
siacea or Guttiferae. The plant grows from the seed cultivation and or with cut-
tings to a medium size and up to about 12 m in height. It grows more easily by 
the cutting method. The Bitter Kola seed is smooth and elliptically shaped, with 
yellow pulp and brown seed coat. Biter kola is highly valued in African ethnic 
medicine because of its varied and numerous uses which are social and medicin-
al, thus making it an essential ingredient in folk medicine. Medicinal plants such 
as Bitter kola are believed to be an important source of flavonoids and chemical 
substances with potential therapeutic benefits [16].  

The medicinal importance of bitter kola is based mainly on the photochemical 
components of the plants [17]. Some of these components isolated include: 
oleoresin, tannin, saponins, and alkaloids. Other components isolated from bit-
ter kola seeds are bioflavonoid such as kola flavanone, and hydroxyflavonoids. 
These are the chromanoids, the garcioc and garcinal, together with tocotrienol 
[18]. There are also other constituents namely, 1, 3, 8, 11-benzophenones and 
Garcinia biflavanones (GB-1 GB2) and kola flavonone [9]. 

The aim of the study is to determine the hypoglycemic and hypolipidemic ef-
fects of bitter kola (Garcinia kola) seed extract on alloxan-induced diabetic rats. 

2. Materials and Methods 
2.1. Laboratory Animals 

Eighty male 10 - 12 weeks old albino wistar rats weighing about 200 g were pur-
chased from Animals Friend Pet Shop at No.92 Royce Road, Owerri, Imo State. 
Nigeria. The animals were kept in cages to acclimatize at an ambient tempera-
ture of 26˚C - 28˚C and adequate ventilation was given for two weeks and fed 
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with standard growers mash from vital feeds Nigeria Ltd. And clean water ad li-
bitum. They were handled in accordance with National Institute of Health (NIH) 
guidelines for the care and use of laboratory animals [19].  

2.2. Preparation of Aqueous Extract of Bitter Kola 

Fresh Bitter Kola (Garcinia kola) seeds (6 kg) were purchased from Ekeonunwa 
market, Douglas road, Owerri, Imo State, Nigeria. The extraction method used 
was the modified method of Parekhi et al. [20] and Sofowora [21]. In this 
process, the outer testa of each Garcinia kola seed was removed washed and air 
dried for about 24 hrs at 30˚C room temperature. Each seed was cut into small 
pellets with kitchen knife and the resulting pellets were subsequently dried in an 
electric oven for 12 hrs at 4˚C. The dried seed pellets were ground to fine powd-
er using electric blender and sieved with 10 um sieve. 100 g of the powder was 
soaked in 150 ml of distilled water for three days in a clean and sterilized 200 ml 
conical flask. The flask was shaken vigorously intermittently, and then left to 
stand at room temperature for 72 hours. The resultant mixture was then filtered 
with Whiteman’s No. 1 filter paper and sterile cotton wool to remove tiny par-
ticles. The solution was then dried at 65˚C using the water bath. The semisolid 
concentration of the extract was collected in sterile pre-weighed screw-capped 
bottles and labeled accordingly and refrigerated at 4˚C to avoid degradation 
when the extract was not used immediately in line with Parekhi et al. [20]. 
Ukaoma et al. [22] and other researchers [9] [17] [18] have put phytochemicals 
of bitter kola, though in this study the bitter kola was grinded in whole and rats 
were fed with whole extract. 

2.3. Induction of Diabetes Mellitus 

Alloxan was purchased from Qualikems Laboratory Reagents, Saint Louis, USA. 
Lot No: A110109, Batch No: 021112. 
A single dose of freshly prepared alloxan monohydrate dissolved in 2.5 ml of 

distilled water was injected intra-peritoneal at a dose of 30 mg/kg body weight 
into seventy rats. After 72 hrs, a blood sample was collected by tail vein tapping 
and blood glucose was monitored. Rats that had blood glucose level above 11.1 
mMol/L were considered diabetic and selected for the study. 

2.4. Experimental Animal Grouping 

Rats that have blood glucose concentration level above 11.1 mMol/L were se-
lected and divided into five groups of 10 rats each in addition to the control 
group and treated as follows: 

1) Group one consisted of non-diabetic rats (control). 
2) Group two consisted of untreated diabetic rats. 
3) Group three consisted of diabetic rats treated with 200 mg/kg weight of 

bitter kola seed extract. 
4) Group four consisted of diabetic rats treated with 400 mg/kg weight of bit-
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ter kola seed extract. 
5) Group five consisted of diabetic rats treated with 600 mg/kg weight of bitter 

kola seed extract. 
6) Group six consisted of diabetic rats treated with 800 mg/kg weight of bitter 

kola seed extract. 

2.5. Sample Collection 

After the administration of the last dose of the bitter kola (Garcinia kola) seed 
extract, rats were fasted overnight and anaesthetized with chloroform and sa-
crificed. Whole blood was collected by cardiac puncture into plain centrifuge 
tubes and was allowed to clot and then centrifuged at 3000 rpm for 5 minutes 
to obtain the serum that was used for the estimation of glucose and lipid pro-
file. 

2.6. Sample Estimation 

Estimation of glucose and lipid profile were in line with Ochei and Kolhatkar 
[23] methods using Randox diagnostic kits. 

2.7. Statistical Analysis 

Statistical analysis was performed on statistical package for social science (SPSS) 
windows, version 20.0 test of significance was determined using the student “t” 
test and the statistical significance was set at P < 0.05. The results were expressed 
as the Mean ± SD. 

3. Results 

In Table 1, there was progressive decrease in the glucose concentration with in-
crease concentration of the bitter kola seed extract compared to the controls and 
the untreated diabetic rats respectively. 

Total cholesterol concentration obtained does not show much variation irres-
pective of the different dosages of the bitter kola seed extract administered to the 
rats but there is a decrease in values of the treated diabetic rats and the controls 
and the untreated diabetic rats respectively. 

 
Table 1. Groups of rats and concentrations of serum glucose, TC, TG, HDL-C, AND LDL-C. 

Groups of Rats 
Parameters (mMol/L) 

Glucose TC TG HDL-C LDL-C 

Controls 

Untreated Diabetic Rats 

200 mg/kg body weight of rats 

400 mg/kg body weight of rats 

600 mg/kg body weight of rats 

800 mg/kg body weight of rats 

6.22 ± 0.21 

16.28 ± 1.34 

10.67 ± 2.01 

10.50 ± 0.31 

6.33 ± 1.12 

5.33 ± 2.13 

4.62 ± 3.12 

7.54 ± 2.34 

5.81 ± 1.42 

5.78 ± 0.13 

5.67 ± 2.22 

5.65 ± 0.42 

1.03 ± 0.03 

4.22 ± 1.07 

3.81 ± 0.43 

2.52 ± 0.36 

1.63 ± 0.24 

1.44 ± 1.26 

2.41 ± 0.36 

1.43 ± 1.31 

1.73 ± 0.02 

1.78 ± 1.32 

1.85 ± 1.11 

1.87 ± 0.32 

1.20 ± 0.42 

2.71 ± 2.04 

2.03 ± 1.13 

1.84 ± 0.43 

1.42 ± 1.05 

1.05 ± 0.31 

TC—Total cholesterol, TG—Triglyceride, HDL-C—High density lipoprotein cholesterol, LDL-C—Low density lipoprotein cholesterol. 
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There is a decrease in values of triglyceride in the treated diabetic rats com-
pared to the untreated diabetic rats and the controls. 

Progressive increase in the values of HDL-C with increase in concentration of 
the extract and this demonstrates the anti-oxidative and anti-inflammatory ac-
tivities of bitter kola seed extract. 

Results show a progressive decrease in concentration of LDL-C with increase 
concentration of the extract compared to the control. 

4. Discussion 

The serum glucose concentration of treated diabetic rats was significantly re-
duced (P > 0.05) compared to the serum glucose concentration of untreated di-
abetic rats and that of the controls. This observation is in consistent with the 
finding of [24]. The reduced serum glucose concentration could be attributed to 
the anti-diabetic and anti-hyperlipidemic activities of the bitter kola seed extract 
and this was also pointed out by [25]. The reduced glucose concentration was 
due to the activity of bitter kola seed extract against inflammation and reactive 
oxygen species (ROS) of free radical on the pancreatic beta cells.  

The total cholesterol concentration of the treated diabetic rats did not show 
significant increase (P < 0.05) but the values were significantly increased (P < 
0.05) compared to the controls. Also, the TC concentration of the untreated di-
abetic rats was significantly increased (P < 0.05) compared to the treated diabetic 
rats.  

There was significant increase (P < 0.05) in the HDL-C concentrations of the 
controls compared to the treated diabetic rats. The HDL-C has the ability to 
promote cholesterol efflux from cells, have reduced antioxidative and vasore-
laxant properties as reported by [26].  

However, there was increase in TG concentration of the untreated diabetic 
rats compared to the treated diabetic rats. This increase is as a result of decrease 
adipose tissue and muscle lipoprotein lipase activity in the liver and higher 
VLDLC-C production by the liver and their decreased clearance. 

There was a marked decrease in the LDL-C concentration of the treated di-
abetic rats compared to the untreated diabetic rats. The decrease in LDL-C and 
increase in HDL-C demonstrates the effectiveness of the bitter kola seed extract 
against inflammation and reactive oxygen species (ROS) of the free radicals. 

5. Conclusions 

There is significant decrease in glucose concentration and low density lipo-
protein; and a non-significant increase in total cholesterol and triglycerides and 
significant decrease in high density lipoproteins. This study confirmed the hy-
poglycemic and hypolipidemic activities of bitter kola seed extract and its po-
tency to protect the pancreatic beta cells against inflammation and reactive oxy-
gen species (ROS) of free radicals.  

In search for non-conventional oral hypoglycemic and hypolipidemic agent 
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that will not only restore normal glycemic but also ameliorate the gamut of 
complication associated with the conventional drugs, the bitter kola (Garcinia 
kola) seed extract should be an alternative. 

It is therefore, recommendable that further studies are required to substantiate 
the pharmacodynamics pathway by which bitter kola seed extract affects di-
abetes using pancreatic beta cells.  
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