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INTRODUCTION

Diabetes mellitus is a disease that can be a severe threat to 
public health as the number of adults that will be suffering from 
the disease by the year 2030 is estimated to be 439 million [1]. 
It was estimated that about 387 million people have diabetes 
worldwide, as of 2014, representing 3.8% of the adult 
population [2]. Alternative therapies with antihyperglycemic 
properties are more and more sought by diabetic patients for 
blood sugar control [3].

Propolis is a resinous substance that bees produce using 
materials collected from the buds and other parts of certain 
trees. It is used as a traditional herbal medicine in many 
countries. Over 300 components have been isolated from 
propolis. Moreover, they are mainly compounds of phenol 
(e.g.,  flavonoids and aromatic compounds), terpenes, 
and essential oil [4]. Propolis has been proven to have 
many bioactivities such as antipathogenic, antioxidative, 
immunoregulatory, antitumor, hepatoprotective, and anti-

inflammatory and is now the focus of many biomedical research 
projects [5]. In general, propolis contains phenolic aldehydes, 
sesquiterpene, polyphenols, quinines, steroids, coumarins, 
amino acids, and inorganic compounds [6]. Plant origin and 
the region where it is collected bear a great significance to what 
the composition of propolis will be [7], hence, necessity of the 
prefix of source country (e.g., Nigerian propolis). The Nigerian 
propolis used for this study was obtained from south-western 
part of Nigeria – Abeokuta, Ogun State, Nigeria. Location 
coordinates of the site of collection goes thus: 7.15° North and 
3.35° East. The propolis was collected during the rainy season. 
Despite the chemical differences, it is well known that samples 
of different geographical origins and chemical compositions 
usually demonstrates similar pharmacological properties [8]. 
Baccharis dracunculifolia shrub is the main plant source of 
Brazilian propolis, and prenylated p-coumaric acids are the 
prevalent biologically active substances in this propolis [9]. 
Chinese propolis is a propolis derived from poplar tree; and 
cinnamic acids, flavonoids, and their esters are the predominant 
active components in this propolis [10]. Earlier studies show 
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that Chinese propolis helped in reducing fasting blood glucose 
and ameliorated oxidative stress and lipid metabolism in 
alloxan-induced diabetic rats [11]. Clinical application of 
propolis was useful in the control of blood glucose [12].

Chemical analysis of Nigerian propolis used for this study 
revealed that it is composed of alkaloids in appreciable 
amounts and also steroids, glycosides, saponins, and tannins in 
moderate amounts while other flavonoids and phlobatannins 
are in minute amounts. It also contains phenol compounds. 
The main plant source of this propolis is, however, yet to be 
determined.

Glycated hemoglobin (hemoglobin A1c or HbA1c) is a type 
of hemoglobin primarily used to identify the average plasma 
glucose concentration over extended periods of time (at least 
6-8 weeks) [13]. It is formed in a non-enzymatic pathway by 
hemoglobin’s normal exposure to high plasma glucose levels [14]. 
HbA1c is implicated in the genesis of diabetic complications 
such as retinopathy, nephropathy, and neuropathy [15]. It is 
estimated that the risks of these complications are decreased by 
approximately 3% for every 1 mmol/mol decrease in HbA1c [16]. 
Monitoring the HbA1c level in type-1 diabetic patients may 
help to improve treatment [16].

Diabetes mellitus is almost always associated with changes 
in plasma lipoproteins. To understand the mechanism of the 
changes in lipoproteins that occur in diabetes mellitus and 
how they may influence the complications that accompany 
this disorder, we must examine lipoprotein metabolism. There 
are multiple abnormalities of lipoprotein metabolism, primarily 
in very low-density lipoprotein (VLDL) and high-density 
lipoprotein (HDL) but also to some extent in low-density 
lipoprotein (LDL), which can potentially explain the increased 
atherogenesis in human diabetics.

Alloxan (2,4,5,6-pyrimidinetetrone) is a pyrimidine derivative 
which can bond with H2O molecules when in aqueous solution 
to form alloxan hydrate [17]. Alloxan is a toxic glucose 
analog that selectively destroys insulin-producing pancreatic 
β cells when administered to rodents and many other animal 
species [18,19]. This causes an insulin-dependent diabetes 
mellitus known as “Alloxan diabetes” in these animals, with 
features similar to Type 1 diabetes in humans [20]. Alloxan is 
selectively toxic to the β cells as it preferentially accumulates in 
these cells through uptake by the glucose transporter 2; hence, 
its usage in the induction of diabetes in laboratory animals [21].

This study showed the effect of ethanolic extract of Nigerian 
propolis (EENP) on plasma glucose, HbA1c, and some blood 
lipids (VLDL and HDL) in Type 1 diabetic rats.

MATERIALS AND METHODS

Drugs and Reagents

Nigerian propolis was obtained from south-western part of 
Nigeria, in Abeokuta town, Ogun State, during rainy season. 

The alloxan and metformin used were products of Sigma-
Aldrich (Sigma, St. Louis, USA). The glucometer used in 
evaluating blood glucose was on-call-plus (ACON Biotech, 
Hang Zhou, China). A  standard weighing scale was used 
for weight determination. The kits used for lipid profile 
was by  Randox  (UK). HbA1c was determined using the 
diabetes control and complications trial (DCCT) aligned 
clover A1c  Analyzer (Infopia Co. Ltd., Korea) with a test 
range of 4-14%.

Extract Preparation

The fresh propolis was frozen (this makes it brittle) and broken 
into small pieces. 100 g of propolis was soaked in 500 ml of 
95% ethanol. A  total of 250  g of raw propolis was soaked. 
The mixture was allowed to stay for a week. This allowed for 
proper extraction of the propolis into the solvent (ethanol). 
After 1-week, the mixture was then filtered using Whatman 
No.1 filter paper. The filtrate was evaporated to dryness under 
low pressure and a maximum temperature of 60°C yielding a 
crude (EENP) weighing 29 g. The method used here, in the 
preparation of propolis extract is similar to that described in a 
publication by Musa et al. [22].

Laboratory Animals

The animals used for this study were bred in the animal house 
of the Department of Physiology, University of Ibadan, Nigeria, 
under standard laboratory conditions and were allowed free 
access to standard rat food and water. The study was performed 
in accordance with the ethical guidelines stipulated by the 
Ethical Committee of the College of the Institution. These 
guidelines are in accordance with the Helsinki Principles for 
laboratory animal use and care. Rats, weighing 160-200 g, were 
selected for the experiment.

Induction of Diabetes

Animals were fasted for 12 h. Diabetes was then induced by 
intraperitoneal injection of alloxan (110 mg/kg) dissolved in 
sterile normal saline (0.9%) after which they were allowed free 
access to food and water. The diabetic state was determined 
72 h after alloxan administration. A pinch of blood collected 
from the tail was analyzed for glucose level (in each animal) 
with the aid of on-call-plus glucometer. Animals chosen for 
the diabetic model were identified and selected on the basis of 
blood glucose levels – higher than 230 mg/dl [21].

Experimental Design

There were five groups of 5 rats per group:
•	 Group 1: Control (non-diabetic); received normal saline
•	 Group 2: Diabetic untreated; received normal saline
•	 Group 3: �Diabetic experimental; received 200 mg/kg of 

EENP as used by Bhadauria et al. [23]
•	 Group 4: �Diabetic experimental; received 300 mg/kg of 

EENP as used by Zamami et al. [24]
•	 Group 5: Diabetic treated; received 150 mg/kg of metformin.
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Drug Administration

The EENP was mixed with Tween 80 (polysorbate 80) for 
solubility [23], at the ratio of 200 mg propolis to 1 ml of Tween 
80 before oral administration. The metformin and control groups 
were also given Tween 80 (proportionately mixed in) before 
oral administration. The administration continued for 42 days 
(a period sufficient for the formation of HbA1c). The fasting blood 
glucose and weight of all rats were measured weekly for 6 weeks.

Animal Sacrifice

After 42  days of treatment, animals were anesthetized and 
sacrificed by cervical dislocation and then dissected. Blood was 
obtained directly from the heart into heparinized and plain 
centrifuge bottles for plasma and serum samples, respectively.

Blood Sampling and Biochemical Analysis

Whole blood was used in the analysis of HbA1c with the aid of 
DCCT aligned clover A1c analyzer (Infopia Co. Ltd., Korea) 
that has a test range of 4-14%.

For serum preparation, blood samples (in plain centrifuge 
bottles) were allowed to stand for 30 min and then centrifuged 
at 3000 r/min for 15 min at 19°C to obtain the serum.

Obtained serum was analyzed for HDL and VLDL by an enzymatic 
method using commercial diagnostic kits (Randox, UK).

To determine the weekly levels of glucose, pinches of blood were 
obtained from the tip of the tails of the rats and dropped on the 
glucometer-strip which was prior inserted into the glucometer. 
The readings were then noted. The weekly amounts of weight 
of the rats were taken using a standard scale.

Statistical Analysis

Data were analyzed by one-way analysis of variance followed by 
Tukey-Kramer post-hoc test. The software used was GraphPad 
Prism (version 5, XML Project, November 2010) by GraphPad 
Software, Inc. California, USA. Results were presented as 
mean ± standard error of mean with statistical significance 
accepted at P ≤ 0.05.

RESULTS

To measure the effect of EENP on alloxan-induced diabetic 
rats, various biochemical assays were done in all experimental 

animals to approximate the levels of plasma glucose, serum 
VLDL, serum HDL, and plasma HbAlc. The following are the 
pharmacological effects discovered:

Glycemic Control

From the results, it can be seen that the 200 mg/kg propolis 
and the 300  mg/kg propolis caused a 67.98% and 72.76% 
(significant) drop in blood glucose, respectively (P < 0.001), 
compared to the 6.36% fluctuation of blood glucose level in 
the untreated group. The blood glucose level of the untreated 
group hovered on the high side while the blood glucose levels 
in the treated groups (including metformin-treated group 
which caused a 60.30% significant reduction (P < 0.001) in 
blood glucose level) significantly dropped over the period of 
administration with the highest percentage drop recorded in 
the 300  mg/kg propolis-treated group [Table  1]. Figure  1 is 
showing and comparing the weekly changes in blood glucose 
levels in the different groups from the 1st to 5th week. Alloxan 
administration had increased blood glucose level by the 1st week 
in both treated and untreated groups. Blood glucose level was 
significantly reduced (P < 0.001) in the metformin and propolis 
(both doses) treated groups from the 2nd week onward when 
compared to the diabetic control group.

Weight Amelioration

Table 2 compares change in body weight of the propolis-treated 
groups with the untreated group. The 200  mg/kg propolis 
group caused just a 0.5% increase in body weight, whereas the 
300  mg/kg propolis caused an 11% increase in body weight. 
Both increments were significant (P < 0.01) when compared 
to the 21.91% weight loss in the untreated group as indicated 
by the negative sign. Metformin also significantly prevented 
weight loss when compared to untreated group. The untreated 
animals lost weight throughout the duration of the experiment 
while the treated ones gained weight with the most weight 
gain registered in the metformin and 300  mg/kg propolis-
treated groups. Figure 2 is depicting and comparing the weekly 
change-in-weight of animals in the different groups. Note that 
the change-in-weight (∆ weight) is plotted against duration 
(in weeks) and not the absolute weight values. This is because 
the weight of the animals was not uniform at the start of the 
experiment, so it is reasonable working with and plotting the 
∆ weight versus duration, instead of absolute weight values. 
A plummet is seen in the untreated group indicating loss of 
weight over the period while a spike is seen in the normal control 
group indicating continual weight gain over the period. All 

Table 1: Effects of propolis extracts on blood glucose level of alloxan diabetic rats
Treatment group Initial blood 

glucose (mg/dl)
Final blood 

glucose (mg/dl)
Change in blood 
glucose (mg/dl)

% Change in 
blood glucose

Control (normal saline) 96.80±9.43 89.6±3.22 7.20±7.28* 7.44*
Diabetic untreated 486±5.30 455.1±2.03 30.90±12.60 6.36
200 mg/kg (EENP) 437.80±15.16 140.18±22.20 297.62±11.66* 67.98*
300 mg/kg (EENP) 462.80±13.80 126.08±4.44 336.72±10.90* 72.76*
Metformin (150 mg/kg) 390.40±19.35 155.0±12.43 235.40±8.90* 60.30*

*Indicates significant (reduction) change at P<0.001, compared with the untreated group, EENP: Ethanolic extract of Nigerian propolis
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Figure 1: Effect of ethanolic extract of Nigerian propolis on blood 
glucose

Figure 2: Effect of ethanolic extract of Nigerian propolis on body weight

Table 2: Effects of propolis extracts on body weight of alloxan diabetic rats
Treatment group Initial weight (g) Final weight (g) Change in weight (g) % Change in weight

Control (normal saline) 181.20±3.65 220.10±3.95 38.90±0.31a 21.47a

Diabetic untreated 156±4.41 123.00±2.00 −33.00±1.29b −21.91b

200 mg/kg (EENP) 201±3.21 202±1.10 1±1.39a 0.50a

300 mg/kg (EENP) 159±4.24 177.70±3.82 18.70±2.01a 11.76a

Metformin (150 mg/kg) 154±7.96 172.10±9.00 18.10±1.26a 11.75a

aSignificantly different from diabetic untreated; bSignificantly different from normal control at P<0.01, EENP: Ethanolic extract of Nigerian propolis

treated groups ameliorated weight loss significantly, compared 
to the untreated group.

HbA1c

Table 3 shows comparison between HbA1c levels in the treated 
groups, untreated group, and control group and at varying levels 
of significance. It is seen that high levels of HbA1C in all the 
treated groups (150  mg/kg, metformin; 200  mg/kg, propolis; 
300 mg/kg propolis) are significantly prevented (P < 0.05) when 
compared to the untreated group. This indicates regulation of 
blood glucose level of the treated animals over the course of the 
experiment (6 weeks).

VLDL and HDL

Only the 300 mg/kg propolis caused a significant drop (P < 0.01) 
in VLDL level when compared with the untreated group, while 

200 mg/kg propolis, 300 mg/kg propolis, and metformin caused 
significant increases (P < 0.001) in HDL levels when compared 
with the untreated group [Table 3].

DISCUSSION

Hyperglycemia is considered one of the primary causes of 
diabetes complications, and the presence of hyperglycemia is 
associated with increased morbidity and mortality [25]. HbA1c is 
highly correlated with long-term hyperglycemia, and hence, the 
presence of diabetic microvascular complications [26]. HbA1c 
is as effective a predictor of microvascular complications as 
fasting plasma glucose [27,28]. Measurement of HbA1c has been 
recommended for the diagnosis of diabetes and prediabetes [29]. 
Significant weight loss accompanies high level of blood glucose 
that occurs in diabetes. This is due to excessive gluconeogenesis 
that includes usage of body fats (lipolysis) for the synthesis of 
new glucose. The result of this study showed that Nigerian 
propolis was able to ameliorate the rise in blood glucose and the 
drop in weight of diabetic rats. This is in accordance with our 
earlier studies [30]. It also shows amelioration of dyslipidemia 
by propolis to a significant level. The level of HbA1c was also 
reduced significantly in the propolis-treated groups suggesting 
amelioration of hyperglycemia over the period of 6-week (period 
of diabetes and treatment) as against the untreated group. The 
period of 6 weeks was chosen to allow for proper glycation of 
hemoglobin to form HbA1c.

Earlier studies carried out on Croatian propolis [31], 
Chinese propolis [32], Brazilian propolis [32], and Egyptian 
propolis [33] among many others, revealed their diabetes 
ameliorating effects.

In this study, 200  mg/kg and 300  mg/kg EENP caused a 
significant decrease in blood glucose level when compared to 
the untreated diabetic group with the higher dose causing a 
more rapid decrease in blood glucose level. The significant 
hypoglycemic activity of this propolis suggests that propolis 
exacts its activity either by a direct or indirect mechanism in rats 
[34]. If the propolis had acted indirectly as a hypoglycemic agent, 
the effect observed when administered to alloxan-treated rats 
would have been minimal or absent due to the severe destructive 
effect of alloxan on the β cells of the pancreas [18]. Furthermore, 
propolis may have acted indirectly by rejuvenating the surviving β 
cells to secrete more of insulin instead of aiding the regeneration 
of necrotic pancreatic β cells. Furthermore, both doses of propolis 
ameliorated weight loss and caused a significant increase in rat 
weight when compared to the untreated diabetic group. Both the 
200 mg/kg EENP and 300 mg/kg EENP significantly ameliorated 
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HbA1c in diabetic rats; in correlation with the blood glucose 
lowering effect observed.

Diabetes mellitus is almost always associated with changes 
in plasma lipoproteins. To understand the mechanism of the 
changes in lipoproteins that occur in diabetes mellitus and how 
they may influence the complications that accompany this 
disorder, we must examine lipoprotein metabolism. There are 
multiple abnormalities of lipoprotein metabolism, primarily 
in VLDL and HDL but also to some extent in LDL, which 
can potentially explain the increased atherogenesis in human 
diabetics. In this study, increase in serum levels of VLDL and 
decreased level of HDL that were observed in the diabetic 
untreated groups agrees with the findings of Douillet et al. [35] 
and Naziroglu et al. [36]. A number of observations indicate 
that plasma HDL are low in untreated Type 1 diabetics [37] 
and HDL increases with degree of glycemic control. On the 
other hand, VLDL in individuals with Type 1 diabetes receiving 
adequate therapy need not be elevated [38], and it is now well-
established that VLDL elevations in Type 1 diabetes are often 
well-correlated with degree of diabetic control [39]. The levels 
of VLDL in the 200 mg/kg EENP group rats did not change 
significantly when compared with the untreated group rats, 
whereas rats in the 300 mg/kg EENP group had their VLDL 
levels decreased significantly. HDL levels, however, increased in 
both 200 and 300 mg/kg EENP group rats significantly when 
compared with untreated group.

The prevalent biologically active substances in Brazilian 
propolis are prenylated p-coumaric acids [9] while in Chinese 
propolis it is cinnamic acids, flavonoids, and their esters that 
are the predominant active components [10]. On carrying 
out chemical screening assay, Nigerian propolis though also 
contains glycosides, steroids, flavonoids, saponins, and tannins 
among others (see introduction above); alkaloids appear 
to be the predominant constituent compounds. Moreover, 
this group of compounds has been demonstrated to possess 
antihyperglycemic activities [40]. Research is, however, ongoing 
to determine which actual compounds are responsible for the 
antihyperglycemic and hypolipidemic effects.

CONCLUSION

Nigerian propolis significantly reduced the rise in blood glucose 
of alloxan-induced diabetic male rats and alleviated weight loss 
caused by this disease state. It also reduced the rate of HbA1c 
formation significantly over the period of its administration 
and ameliorated diabetic dyslipidemia by increasing the 
HDL levels. More research is, however, ongoing to determine 
which actual compound or compounds is responsible for the 
antihyperglycemic and hypolipidemic effects, thus creating 
chance for future components isolation and drug manufacture 
and to reveal a possible mechanism of action of this propolis.
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