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Abstract

The present study was aimed to evaluate the hypoglycaemic properties of stingless bee pollen in HFD fed-
low dose STZ induced experimental type 2 diabetes in rats. The rats were divided into four groups of six
animals each. Group I control group. Group II fed HFD induced STZ (35mg/kg. b.w. ip). Group IIl were
induced with diabetes and treated stingless bee pollen (100 mg/kg b.w/rat/day). Group VI was diabetic
rats treated with metformin (50mg/kg.b.w.). Body weight, food and fluid consumption were recorded
periodically. At the end of the experimental period, the animals were starved overnight and OGTT was
performed. After 30 days of experimental period, the animals were overnight fasted, anesthetized and
scarified by cervical decapitation. Blood was collected with and without anticoagulants for the separation
of plasma and serum, respectively. The biochemical analysis performed includes fasting blood glucose,
HbA1c, plasma insulin, C-peptide and urine sugar. Insulin resistance, $-cell function and insulin sensitivity
were also manipulated from HOMA-IR, HOMA B-cell function and QUICK-I index. The results of the present
study clearly indicate that the stingless bee pollen significantly decreased the levels of fasting blood glucose
and HbAlc. Stingless bee pollen improves the plasma insulin and C-peptide levels. From the arithmetic
data, stingless bee pollen reduces the insulin resistance and enhances -cell function and insulin sensitivity.
The antidiabetic efficacy was more pronounced in rats treated with stingless bee pollen. The results
obtained clearly evidenced that the stingless bee pollen significant antidiabetic properties used in the
present study.
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Introduction

Type 2 diabetes mellitus (T2DM) or noninsulin dependent diabetes mellitus (NIDDM) is a chronic
progressive disease characterized by chronic fasting hyperglycaemia and resulting in defective insulin
action [1]. T2DM can cause severe damage to body systems such as kidneys, eyes and the heart, as well as
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the vascular system more generally. Individuals with T2DM does not produce enough insulin (insulin
deficiency), or cell body that are not able to use insulin properly (insulin resistance). Insulin is a hormone
produced by the -cells in the pancreas to control blood sugar levels [ 2] Insulin resistance is related to
genetic factors, obesity, sedentary lifestyle and aging. Consumption of high fat food and physical inactivity
are important predictors of obesity and T2DM [31-

In obese individuals, response is inadequate to overcome insulin insensitivity particularly contributing to
increased production of glucose by the liver. The metabolism of carbohydrate, fat, and protein are disturbed
as the disease progresses. This condition lead to “prediabetes”, where the glucose levels are high in the
T2DM glucose range [4]. Hyperglycaemia results when the cell  fail to compensate insulin resistance with
excess insulin output. The progressive decline of the [ cell function and mass over time with
hyperglycaemia marks the development of T2DM [51

Nature is an inexhaustible source of products and bioactive molecules that can be used as alternative
treatments, stingless bee pollen one of them. Stingless bee pollen is another bee product that is extremely
rich in bioactive molecule [¢1. Stingless Bee pollen come from mixture of flower pollen, nectar and bee
secretions. It can be collected by beekeepers without damage to the beehive. This natural product, that has
been gaining prominence, is recognized to be valuable apitherapeutic product with potential for medical
and nutritional application [7],

As the previous studies, flavonoids in Stingless Bee pollen have an antioxidants activity and are thought to
be the compound that is able to lower serum glucose level through the inhibition of oxidative stress [8] In
addition, the antioxidants activity of stingless bee pollen can improve insulin receptor signaling in insulin
resistant conditions, therefore the insulin sensitivity can be increased [°].

Accordingly, stingless bee pollen used in the present study was from kelulut bees (Trigona sp). Kelulut bees
is small bees which has not sting at their tails. Kelulut bees are found in the forests of East Kalimantan. The
advantages of bee kelulut is produces more bee pollen than other type bee [10],

Since, Type 2 Diabetes Mellitus is a multifactorial and multisystemic metabolic disorder, the current trend
in diabetes is towards nature product from bee product that is extremely rich in bioactive molecule.
Accordingly, the study objective is to examine biochemical evaluation of hypoglycaemic effect of stingless
bee pollen in high fat diet fed-low dose STZ induced experimental type 2 diabetes in rats.

Materials and Methods

Chemicals

Streptozotocin were procured from Sigma Aldrich, stored at 2-4°C and protected from light. All other
chemicals used were purchased from standard commercial suppliers and were of analytical grade quality.

Animals

Male rats of Wistar strain weighing about 160-180 g were procured from Gadjah Mada University,
Yogyakarta, Indonesia. The rats were housed in spacious polypropylene cages lined with husk. The
experimental rats were maintained in a controlled environment (12:12+1h light/dark cycle; temperature
22°C * 3°C; relative humidity 55%). Animal were acclimatized to standard husbandry conditions for one
week to eliminate the effect of stress prior to initiation of the experiments. The rats were fed with
commercial pellet rat chow and free access to water ad libitum [11]-
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Induction of T2DM in Experimental Rats

The rats were allocated into two dietary regimens by feeding either normal pellet diet (NPD) or high fat
diet (HFD) for 2 weeks or dietary manipulation. The composition of HFD is powdered NPD-365g/kg, Lard-
310 g/kg, Casein-250g/kg, Cholesterol-10 g/kg, vitamin and mineral mix-60 g/kg. DL-methionine-3kg/kg,
Yeast powder-1g/kg, NaCl-1g/kg. After 2 weeks of HFD, the group II, group III and group IV rats were
injected with a single dose of STZ (35 mg/kg b.w/rat), while the group I rats fed with fed with NPD was
injected with 0,5 ml of freshly prepared cold citrate buffer (pH 4.5) in a same volume intraperitoneally.
After one week of STZ injection, rats with fasting blood glucose levels > 120 mg/dL were considered as
diabetic and chosen for further studies [12]. The animals were divided into four group, each comprising of
a minimum of six rats as follows.

Experimental Animal Design

The animals were divided into four groups, comprising a minimum of six animals in each group as follows:
Group [ = Normal control rat group fed with normal pellet diet (NPD) will be treated with water for 30 days
(negative control), Group II = HFD+ STZ (i.p.; 35mg/kg b.w.) -induced diabetic rats will be treated with
water for 30 days (positive control), Group III = HFD+ STZ (i.p.; 35mg/kg b.w.) -induced diabetic rats will
be treated orally with bee pollen (100 mg/kg b.w/rat/day) for 30 days, Group IV = HFD+ STZ (i.p.; 35mg/kg
b.w.) -induced diabetic rats will be treated orally with metformin (50 mg/ kg b.w/rat/day; in aqueous
solution orally) for 30 days. At the end of 30 days experimental period, rats were fasted overnight,
anaesthetized, using ketamine (80 mg/kg b.w./rat, i.p.) and sacrificed by cervical decapitation. Blood was
collected with and without anticoagulant for plasma and serum separation respectively.

Oral Glucose Tolerance Test (OGTT)

Overnight fasted rats of all groups were subjected to oral glucose tolerance test on the last week of the
experimental period. The blood glucose levels were monitored at 0, 30, 60, 90 and 120 min using One Touch
glucometer (Life scan, Johnson and Johnson Company) after oral administration of 2 g/kg b.w. glucose as
aqueous solution [13],

Determination of Biochemistry Parameters

The fasting blood level was determined by glucose oxidase diagnostic enzyme kit and the level of plasma
insulin and C-peptide were assayed using rat ELISA kit. The presence of urines sugar was detected using
urine strips.

Assessments of Insulin Resistance and f Cell Function

Insulin resistance was assessed by QUICKI (Quantitative Insulin Check Index) and HOMA-IR. HOMA-f score
was calculated using blood glucose and plasma insulin concentrations according to the following formula:
HOMA-IR= [Blood glucose (mg/dl) x Insulin (uU/ml)]/ 405, HOMA-B= [360 x Insulin (pU/ml)]/ Blood
glucose-63%.

Ethical Statement

The experiments were designed and conducted in strict accordance with the current ethical norms
approved by Medical and Health Research Ethics Committee (MHREC) Faculty of Medicine Gadjah Mada
University, Yogyakarta, Indonesian No: KE/FK/325/EC/2023.

Statistical Analysis

The results were expressed as mean * S.E.M of six rats per group and statistical significance was evaluated
by one-way analysis of variance (ANOVA) using SPSS program followed by LSD.
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Results

Figure 1 shows the effect of oral administration of stingless bee pollen in body weight gain of experimental
groups of rats. The raise in body weight was far less in diabetic control rats as compared to diabetic rats
treated with stingless bee pollen. However, diabetic rats treated with Stingless Bee Pollen showed a
significant increase in body weight gain when compared to the diabetic rats which have showed a marginal
increase in body weight and the efficacy of stingless bee pollen was comparable with metformin, a standard
drug widely used for the treatment of T2DM.
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Figure 1: Effect of stingless bee pollen on body weight gain in experimental groups of rats
Values are given as mean + SEM for groups of six rats in each. One-way ANOVA followed by post hoc test
LSD. Statistical significance was compared within the groups as follows:
acompared with control
bcompared with diabetic rats
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Figure 2: The levels of food consumption in control and experimental groups
Values are given as mean * SEM for groups of six rats in each. One-way ANOVA followed by post hoc test
LSD. Statistical significance was compared within the groups as follows:
acompared with control
bcompared with diabetic rats
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The levels of food (Figure 2) and fluid (Figure 3) consumption were significantly increased in diabetic
groups of rats when compared with control groups of rats. The increased crave of food and fluid utilization
was normalized after oral treatment of stingless bee pollen which was comparable with metformin.
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Figure 3: The levels of fluid intake in control and experimental groups of rats
Values are given as mean + SEM for groups of six rats in each. One-way ANOVA followed by post hoc test
LSD. Statistical significance was compared within the groups as follows:
acompared with control
bcompared with diabetic rats

Figure 4 depicts the levels of blood glucose in control and experimental groups of rats after receiving an
oral glucose load (2g/kg. b.w.). In control group of rats, the blood glucose level reached the maximum peak
at 60 min after an oral glucose load and it was progressively declined to near normal level at 120 min
representing the maintenance of normal glucose homeostasis. Conversely, the blood glucose levels in HFD-
STZ induced diabetic rats reached the maximum peak at 60 min and remained unsubsidized over the next
60 min. However, the diabetic rats treated with stingless bee pollen showed a significant decrease in blood
glucose levels at fasting, 30 and 60min time interval when compared with the diabetic control group of rats.
In addition, the blood glucose levels returned to near basal level at 120 min after the oral glucose load in
treated groups of rats. However, diabetic rats treated with stingless bee pollen showed a statistically
significant improvement in glucose homeostasis which was comparable with metformin.

The levels of fasting blood glucose, glycosylated hemoglobin (HbA1c), plasma insulin, c-peptide and urine
sugar in control and experimental groups of rats are depicted in table 1. The levels of fasting blood glucose
and HbA1c% were found to be significantly elevated in diabetic group of rats when compared with control
rats. Likewise, the levels of plasma insulin and C-peptide were moderately decreased in HFD-STZ induced
diabetic rats. Urine sugar was observed in the diabetic group of rats. Oral administration of stingless bee
pollen as well as metformin to experimental groups of rats showed improved levels of altered biochemical
parameters.
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Figure 4: The levels of blood glucose in control and experimental groups of rats after receiving an oral
glucose load
Values are given as mean + SEM for groups of six rats in each. One-way ANOVA followed by post hoc test
LSD. Statistical significance was compared within the groups as follows:
acompared with control
bcompared with diabetic rats

Tabel 1: Effect of Stingless Bee pollen on fasting blood glucose, HbA1C, Plasma Insulin, C-Peptide and urine
sugar in experimental of Rats

Groups Fasting Blood HbA1C Plasma insulin C-Peptide Urine Sugar
Glucose (% Hemoglobin) (pU/ml) (pmol/mL)
(mg/dl)
Control 85.33+3.35 5.87+0.16 13.87+0.17 0.27+0.023 Nil
Diabetic 304.21+8.32a 10.70+0.382 9.25+0.137 0.11+0.0112 +++
Stingless Bee Pollen | 110.20+3.022 5.80+0.46P 13.02+0.63P 0.23+0.012b Nil
Metformin 103.72+4.11b 5.76+0.19> 14.41+0.70b 0.21+0.011b Nil

Results are expressed as mean = SEM [n = 6]. One-way ANOVA followed by post hoc test LSD was done. The
results were 2compared to control rats and P compared to diabetic rats.

The altered levels of HOMA-IR and HOMA-f indices (Figure 5 & 6) were reverted to near normal in diabetic
rats treated with stingless bee pollen as well as metformin. Figure 7 depicts the quantitative insulin check
index (QUICKI). Diabetic rats showed reduced insulin sensitivity which indicates the extent of insulin
resistance. Stingless bee pollen as well as metformin restored the insulin sensitivity.
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Figure 5: Effect of stingless bee pollen on HOMA-IR
Values are given as mean + SEM for groups of six rats in each. One-way ANOVA followed by post hoc test
LSD. Statistical significance was compared within the groups as follows
acompared with control
bcompared with diabetic rats
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Figure 6: Levels of b-cell function in control and experimental of rats
Values are given as mean * SEM for groups of six rats in each. One-way ANOVA followed by post hoc test
LSD. Statistical significance was compared within the groups as follows
acompared with control
bcompared with diabetic rats
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Figure 7: Effect of stingless bee pollen on QUICK-I index in experimental groups of rats
Values are given as mean + SEM for groups of six rats in each. One-way ANOVA followed by post hoc test
LSD. Statistical significance was compared within the groups as follows
acompared with control
bcompared with diabetic rats

Discussion

To combat the increasing prevalence of T2DM, there is an urgent need for more effective treatments as
most of the currently available drugs for the treatment of T2DM elicit undesirable side effects after
prolonged use. It is a fact that the type 2 diabetic patients are often treated with combinatorial drugs due
to its multifactorial and multisystemic nature. The animal model used in the present study involves a
combination of a diet high in fat to bring about insulin resistance, hyperinsulinemia and/or impaired
glucose tolerance followed by treatment with a low dose of STZ, a specific  cell toxin which results in
reduction in functional {3 cell mass [13]. The pathological condition induced by the stressors namely the high
fat diet and low dose STZ closely resembles the clinical features of T2DM, though on a shorter time scale
than found in the human condition [14]

The transition from a metabolically healthy state to an obese and subsequent state involves a vicious cycle
comprising of hyperinsulinemia, insulin resistance, dyslipidemia and dysfunctional adipose tissue, ectopic
fat accumulation in both liver as well as skeletal muscle and failure of insulin producing f cell function [15
1. The composition and duration of high fat diet feeding timeframe greatly influence the onset of T2DM in
experimental rats. The most commonly used approach is to feed rats with a diet high in fat but normal levels
of carbohydrates rather than a diet high in carbohydrates to produce a ‘high energy’ feeding regimen [16].

STZ is a nitrosourea analogue, preferentially taken up by pancreatic 3 cells via GLUT2 glucose transporter
and causes DNA alkylation followed by the activation of poly ADP ribosylation leading to depletion of
cytosolic concentration of NAD+ and ATP. Enhanced ATP dephosphorylation after STZ treatment provides
substrate for xanthine oxidase resulting in the generation of superoxide radicals [17].
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Further, nitric oxide (NO) moiety is liberated from STZ leading to irreversible destruction of § cells by
necrosis [ 18], It was observed that STZ administration at first abolished the 3 cell response to glucose.
Temporary return to responsiveness then appears which is followed by its permanent loss and f cells are
damaged [19] Though, STZ is widely used to induce both type 1 and type 2 diabetes in animal models, the
STZ dose will greatly affect the (3 cell mass remaining in the rats. Likewise, variation in the amount of {3 cell
mass left in both type 1 and type 2 diabetes do exist in human [20]

However, the loss of 3 cell mass in the pathogenesis of type 1 diabetes occurs mainly as a result of an
autoimmune reaction, which is not the case in T2DM. The dose of STZ itself obviously has a significant
impact on the phenotype of HFD-fed rats. STZ induces robust not absolute {3 cell ablation in a manner that
depends on the dose, number of doses, time interval between the doses, route of administration, fed/fasted
state upon STZ administration and the rat strain/vendor. However, several reports are available in the
literature that a single low dose of STZ (<45mg/kg) induced experimental diabetes as a suitable model of
experimental type 2 diabetes to screen the efficacy of lead molecules [21]

The observed weight loss in the untreated group of diabetic rats may be due to excessive degradation of
tissue structural proteins known to contribute to body weight [21]. Though, all the experimental groups of
rats were continued to feed with a high fat diet, the untreated diabetic rats have shown a marginal increase
in body weight gain when compared to other experimental groups of rats indicating the alteration in the
major metabolic pathways due to decreased insulin sensitivity coupled with insufficiency [22]

The positive effect of stingless bee pollen and metformin in maintaining normal homeostasis was
demonstrated by the significant improvement in body weight gain of rats in other treatment groups.
However, diabetic rats treated with stingless bee pollen showed a relatively better improvement in body
weight gain and the efficacy of stingless bee pollen was comparable with metformin [23].

Increased food and fluid consumption was observed in diabetic group of rats. This indicates the polyphagia
and polydipsic condition. The classic triad of diabetic symptoms are polyphagia, polydipsia and polyuria [
241, An increase in renal loss of glucose is accompanied by an excessive loss of water and electrolytes.
Excessive loss of water leads to the activation of thirst mechanism, termed as polydipsia. An increased thirst
may be due to hyperglycemia which raises the osmolarity of blood and makes it more concentrated.
Glucosuria and increased tissue protein catabolism leads to crave excess amount of glucose for energy
production, an increase in appetite and food intake called as polyphagia [25]

The food and fluid intake of diabetic groups of rats treated with individual as well as stingless bee pollen
were significantly reduced after 30 days of treatment. From the data, it is clearly manifested that the
stingless bee pollen as well as metformin considerably reduced the pathophysiological symptoms through
its significant hypoglycemic properties [23]- Like, the effect on body weight gain, the diabetic rats treated
with stingless bee pollen significantly improved the polyphagia and polydipsic condition than the
experimental rats treated with metformin [261.

Oral glucose tolerance test (OGTT) has been the mainstay for diagnosing diabetes for decades. It more
efficiently detects prediabetics as well as patients with impaired glucose tolerance [271 OGTT has the utility
for evaluating insulin sensitivity and (3-cell function during glucose administration via a physiological route
[27.28]. OGTT is commonly used to evaluate the disease progression, outcome of treatments and to assess
the physiological and pathophysiological conditions of diabetes mellitus. Oral glucose tolerance test
provides more physiological conditions for the estimation of B-cell function than does a test based on
intravenous glucose administration. OGTT provides significant and valuable information for predicting the
ensuing incidence of type 2 diabetes [28].
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The routinely used imperative marker for estimating the degree of protein glycation in diabetes includes
glycated hemoglobin levels. Extensive studies on HbAlc bring out the importance of HbAlc as a non-
manipulatable and reliable biochemical parameter in assessing metabolic control as compared to one-point
blood glucose estimation [22]. HbA1c is likely to be a more physiological assessment of glucose intolerance
than the artificial conditions of the OGTT and hence it should be the preferred diagnostic test. During

persistent hyperglycemia, glucose irreversibly binds to the N-terminal valine of the 8 chain of hemoglobin
[30].

The process of glycation at other positions such as lysine on the (-chain or at sites on the a-chain may be
imperative at higher levels of glycation. The percent glycation of hemoglobin also depends on the average
age of the erythrocytes in the sample and the percent of HbAlc is higher in older cells [31]- HbA1lc levels
represent average glycemia over the entire 120-day life span of the red blood cell. HbAlc measurement
may also be used as a tool to stratify the risk of the patient developing microvascular complications because
there was an exponential rise in the rate of secondary complications with increasing HbA1c values. Each
1% reduction in glycated hemoglobin was associated with a significant reduction in diabetes related
mortalities [31.32].

HbAlc signifies the mean glucose levels maintained over the previous 6-8 weeks. Normoglycemia was
achieved in diabetic groups of rats treated with individual as well as stingless bee pollen possibly through
their ability to maintain glucose homeostasis [331. However, the diabetic rats treated with stingless bee
pollen showed a significant decrease in the levels of fasting blood glucose as well as HbAlc and increased
levels of plasma insulin next to diabetic rats treated with stingless bee pollen and the efficacy of stingless
bee pollen was comparable with metformin evidencing that the stingless bee pollen possesses significant
insulin stimulatory and insulin sensitivity properties [33 341 Patients with most depressed B-cell function
had a higher HbA1c and higher baseline glucose, but lower baseline insulin and C-peptidel35!-

The balance between the utilization and production of glucose is maintained by the hormone, insulin. It
stimulates glucose uptake, utilization and storage while suppressing hepatic glucose production, thus
reducing plasma glucose levels. Insulin inhibits the production and release of glucose by the liver, due to
the blockage of gluconeogenesis and glycogenolysis [3¢1. C-peptide, a bioactive peptide plays a crucial role
in the biosynthesis of and has a halflife of 30 min. Subsequent to the cleavage from the proinsulin molecule;
C-peptide is released into the blood stream as equimolar concentrations to insulin [37]- The serum levels of
insulin and C-peptide greatly increase in the early stage of T2DM because of insulin resistance. Although
T2DM is a state of insulin resistance to relative insulin insufficiency, it may progress to a late-stage insulin
and C-peptide-deficient state due to pancreatic 3-cell demise [37.38]

Physiological concentrations of C-peptide activates extracellular signal regulated kinases, phosphatidyl
inositol 3-kinase, protein kinase C, elevates intracellular calcium, and stimulates peroxisome proliferator
activated receptor- y [391. The observed increased in the levels of C-peptide in diabetic rats treated with
stingless bee pollen as well as metformin may be due to the stimulation of molecular factors that produce
c-peptide from the pancreatic 3-cells, thereby ameliorate the secondary complications of diabetes [3940]-

The homeostasis model assessment of insulin resistance (HOMA-IR) developed by Matthews et al. (1985)
have been extensively used for the determination of insulin resistance [41]. Insulin resistance is the primary
metabolic disorder associated with obesity and appears to be the primary mediator of metabolic
syndromes. Likewise, QUICKI is also an empirically derived mathematical conversion of fasting blood
glucose and plasma insulin concentrations. However, it provides a reliable, reproducible and accurate index
of insulin sensitivity with a better optimistic prognostic power [41.42].
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HOMA- {3 cell function is effectively used to measure the pancreatic f3-cell function. Evidences suggested
that hyperglycemia causes additional functional impairments in insulin release that go beyond the actual
B-cell deficit [431. The majority of genes associated with type 2 diabetes have been linked to the -cell
dysfunction and impairments in -cell mass. If B-cell mass is reduced by 50%, the secretory burden for the
remaining B-cells increases by 100%, thereby leading to chronic p-cell stress [43 441 The data obtained
through the above three arithmetical indices suggest that the diabetic rats treated with stingless bee pollen
significantly improved the {-cell function and insulin sensitivity indicating its synergistic efficacy in
ameliorating chronic hyperglycemia.

Conclusion

In conclusion, the results of the present study clearly evidenced that the stingless bee pollen possess
significant antidiabetic properties which are evidenced from the decreased levels of fasting blood glucose,
glycosylated hemoglobin and increased levels of plasma insulin and C-peptide. The arithmetic indicators
also evidenced the antidiabetic efficacy of stingless bee pollen. Thus, stingless bee pollen may be considered
as a safe and effective drug for the successful treatment of type 2 diabetes. Detailed studies are in progress
to evaluate the effect of stingless bee pollen on lipid and protein metabolism as well as on oxidative stress
in experimental type 2 diabetes.
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