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Abstract 

This study aims to assess the daily ingestion of Klanceng Honey (KH) on fasting blood glucose (FBG), high-density lipoprotein (HDL), total 
cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL), and pancreatic histopathology. Thirty rats were involved and divided into 
six groups: G1 = untreated normal rats, G2 = untreated diabetic rats (DR), G3 = DR treated with 0.9 mg/kg BW glibenclamide, G4, G5, and 
G6 = DR treated with 1, 2, and 3 g/kg BW KH, respectively for 28 days. The FBG level of G1 was found lower than that of diabetic rat groups 
(G2–G6) (p<0.01). The TC level of G1 group on 14th and 28th days was lower than that of G2–G6 groups (p<0.01). The TG levels in all rat 
groups showed no significant difference at 0–28 days. On 14th day, the LDL level of diabetic groups were higher than the one in G1 group 
(p<0.01). Meanwhile, on 14th and 28th, the HDL levels of G3–G6 groups, were higher than the one in G1 group (p<0.01). The pancreatic 
histopathology of all rat groups showed no abnormalities of the Langerhans islets. The daily ingestion of KH prevented FBG, TC, TG, and 
LDL levels from rising, increased the HDL levels, and protected the pancreatic glands against damage. T. laeviceps honey can potentially be 
used as a functional food for therapy of DM patients. 
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1. Introduction  

Diabetes mellitus (DM) is a metabolic disease 

characterized by the high chronic levels of blood glucose 

(hyperglycemia) and disorders of protein and lipids 

metabolisms, which are determined by abnormal insulin 

secretion or action [1,2]. This disease occurs when the fasting 

plasma glucose is at ≥126 mg/dL [1]. One of the impacts of 

DM on humans is the development of blindness, caused by the 

damage in the retinal blood vessels or diabetic retinopathy [3]. 

Honey is known not only as a traditional functional food 

but also as medicine for human health improvement. It is 

consumed fresh by humans due to its rich in nutrients and 

contains sugars (mainly glucose, sucrose, fructose, and 

trehalulose), proteins (enzymes and amino acids), organic 

acids, phenolic compounds (flavonoids and phenolic acid), 

minerals, vitamins, and volatile compounds [4]. Honey can be 

produced by both honeybees and stingless bees around the 

world. In Indonesia, the stingless bee is known as Klanceng 

bee, with Tetragonula laeviceps as one of the most 

domesticated [5,6]. Klanceng bee mostly creates a nest in 

bamboo, sugar palm stalks, tree's trunk, and in the ground to 

produce honey, pot-pollen, and propolis [7–25]. 

The physicochemical properties of Klanceng honey (KH) 

from T. laeviceps in Indonesia (North Lombok, Magelang, 

Purworejo, Klaten, Gunungkidul, and Sleman) have been 

studied. These properties include protein (at least 17 amino 

acids), minerals (Ca, Mg, Cu, Na, Fe, K, Mn, Al, and Zn), 

vitamin C, sugars (glucose, fructose, sucrose, and reducing 

sugar), phenolics, flavonoids, antioxidant activity DPPH, and 

at least 6 organic acids [7–11,18,20,21,25]. The honey 

physicochemical properties from several species of KH from 

different countries (Malaysia, Australia, Brazil, Venezuela, 

Thailand, Costa Rica, Ecuador, and Tanzania) include sugars 

(fructose, glucose, sucrose, and trehalulose), flavonoid, 
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phenolic, antioxidant activity, minerals, and amino acids have 

been studied [26–46]. KH physicochemical properties are 

more strongly determined by the origins and plant flowers as a 

feed source [8,25,37,47] and species [47].  

Nutritional honey might be used as a functional food for 

diabetic patients’ therapy. The honey produced by honeybees 

have been previously studied in diabetics in-vitro and 

preclinical and clinical research that overall revealed the 

decreasing the blood glucose, low density lipoprotein (LDL), 

very low-density lipoprotein (VLDL), total cholesterol (TC), 

triglyceride (TG), glycosylated hemoglobin (HbA1c), reduced 

body weight (BW) loss, increasing high density lipoprotein 

(HDL), and pancreas gland protected from damage [2,48–59]. 

However, inconsistent results also were found on honey 

produced by honeybee in which it had no impact on the 

change of hyperglycemia and hyperlipidemia [60,61]. 

KH contains trehalulose sugar, which is known more 

slowly release to blood compared to sucrose, to have low 

insulinemic index, low GI, high antioxidant activity, and to be 

acariogenic [39,43]. The information about the use of KH on 

preclinical and clinical diabetic studies, so far seems to be 

limited. A preclinical investigation by Aziz et al. [62], showed 

that the ingestion of KH from Geniotrigona thoracica can 

prevent a rise in fasting blood glucose (FBG), TC, LDL, and 

TG, but with the increasing levels of HDL and serum insulin 

rose. Sahlan et al. [63] observed that the oral treatment of KH 

from T. biroi for 35 days resulted in the stable FBG levels, 

reduced BW loss, and absence of abnormalities in the 

pancreatic gland of diabetic rat groups. In a clinical study, 

Rashid et al. [64] reported that the daily ingestion of 30 g 

Kelulut honey for 30 days showed no effect on FBG, TC, 

HDL, LDL, TG, blood pressure, and body mass index of 

patients with impaired fasting glucose.  

KH from T. laeviceps used in our study has lower in sugars 

content (sucrose at 2.56–4.49% w/v, fructose at 7.79–22.92% 

w/w, glucose at 11.49–22.78% w/w, and reducing sugar at 

44.07–60.14%) [11], rich in antioxidant (47.3–90.5%), 

phenolic (0.65–2.30% GAE/100 g), and flavonoid (0.21–1.00 

mg QE/g) [8,10]. The preclinical studies on diabetic rats using 

KH from Gunungkidul, Indonesia has never been previously 

studied. This study, in turn, aims to assess the daily ingestion 

of KH on the BW, FBG, TC, TG, LDL, HDL, hematological 

profiles, and pancreatic histopathology of diabetic rats. 

2. Materials and Methods 

2.1. Animals, feed, and ethical clearance 

Male rats (Wistar) aged 2–3 months with BWs 153–234 g 

were adapted for 14 days in individual cages (20 × 12 × 15 cm 

in size) at 21oC and 70% humidity with 12 hours in a 

controlled light and dark cycles. This study used the American 

Institute of Nutrition-93 Maintenance (AIN-93M) [65] 

standard feed of 15 g/rat/day and ad libitum drinking water. 

The protocol for the study has received the approval of the 

Ethical Commission from the Faculty of Veterinary Medicine, 

Universitas Gadjah Mada, Indonesia (0079/EC-

FKH/Eks./2019). 

2.2. DM induction 

The DM induction, with minor modifications referred to 

previous method that has been reported by Sahlan et al. [63]. 

After 14 hours of fasting, rats were induced with 

intraperitoneal with the aid of injections using streptozotocin 

(STZ) of 40 mg/kg of BW, which was dissolved in 0.1 M 

citrate buffer with pH of 4.4. After three days of DM 

induction, blood was collected and centrifuged at 10,000 rpm 

within 5 min. Afterward, serum was collected to analyze the 

FBG levels. The FBG levels were measured by means of a 

GOD-PAP enzymatic photometric method using a reagent 

DiaSys kit based upon the protocols from the manufacturer 

(DiaSys Diagnostic Systems GmbH, Germany) to assess the 

condition of all rats. DM was induced when FBG ≥126 mg/dL 

[1]. Every week, the rats BWs were assessed using a digital 

scale. 

2.3. Study design 

A total of 30 rats were divided into six groups (G1–G6), 

each of which consisted of five rats. The study was designed 

as follows: G1 = untreated normal rats (positive control), G2 

= untreated diabetic rats (negative control), G3 = diabetic rats 

treated with 0.9 mg/kg BW glibenclamide (positive control), 

G4–G6 = diabetic rats treated with 1, 2, and 3 g/kg BW KH, 

respectively. We here used the dosages of KH in the study 

based on previous study as reported by Sahlan et al. [63] for 

stingless bee honey in diabetic rats based on the daily human 

consumption for honey, i.e. 90–100 g/day converted to the 

rats consumption of 1–3 g/kg BW [8,54,66]. All treatments 

were administrated for 28 days. Fresh KH (T. laeviceps) from 

Nglipar Gunungkidul farm was harvested the day before the 

treatment and stored at 5oC. Fresh honey and glibenclamide 

were administrated to diabetic rats by oral gavage at 8 am 

before being fed with AIN-91M. 

2.4. FBG level 

Blood was collected thrice from all rat groups, that is, on 

day 0 (before treatment), day 14 (14 days after being treated 

with KH), and day 28 (28 days after being treated with KH) 

for the analyses of FBG, lipid profiles, and hematological 

profiles. All rats were fasted for 14 hours, and blood was 

collected from the orbital sinus using a microhematocrit. The 

blood was centrifuged at 10,000 rpm for 5 minutes and serum 

was collected for the analyses of FBG, TC, TG, LDL, and 

HDL. Meanwhile, Eppendorf tubes containing the 

anticoagulant ethylenediamine tetra-acetic acid were used for 

the hematological profile analysis. 

The FBG levels were measured using a glucose oxidase 

(GOD-PAP) enzymatic photometric method by means of a 

reagent DiaSys kit in accordance to the protocols of the 

manufacturer (DiaSys Diagnostic Systems GmbH, Germany). 

Meanwhile, the samples were prepared with the stock 

solutions. The blank (10 µl aquadest + 1,000 µl reagent), 

standard 100 mg (10 µl aquadest + 1,000 µl reagent), samples 

(10 µl serum + 1,000 µl reagent), and solutions were mixed 

using a vortex. Furthermore, the solutions were incubated at 

20–25oC for 20 minutes in a dark condition. The FBG level 
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was measured using Microlab 300 at 540 nm and calculated 

by: 

FBG level (mg/dL) = (Δ samples/Δ standard) × standard 

concentration/cal (mg/dL). 

2.5. Blood lipid profiles 

The serum was used in lipid profiles analyses (TC, TG, 

HDL, and LDL) using an enzymatic photometric method. A 

reagent DiaSys kit was used in accordance with the 

manufacture’s protocols (DiaSys Diagnostic Systems GmbH, 

Germany). The CHOD-PAP kit (DiaSys Diagnostic Systems 

GmbH, Germany) was used for TC analysis, glycerol-3-

phosphate-oxidase TG kit, DyaSis) for TG, HDL precipitant 

for HDL, and LDL precipitant for LDL. 

2.5.1. TC level 

For TC level analysis, the serum was prepared by preparing 

stock solutions which were blank (10 µl aquadest + 1,000 µl 

reagent), 100 mg/dL standard (10 µl standard + 1,000 µl 

reagent), and sample (10 µl serum + 1,000 µl reagent). 

Furthermore, the solutions were mixed and incubated for 20 

min at 20–25oC. The TC level was measured by means of a 

Microlab 300 at 500 nm and calculated by: 

TC level (mg/dL) = (Δ samples/Δ standard) × standard 

concentration/cal (mg/dL) 

2.5.2. TG level 

For TG level analysis, the serum was prepared by 

preparing stock solutions which were blank (10 µl aquadest + 

1,000 µl reagent), 200 mg/dL standard (10 µl standard + 1,000 

µl reagent), and sample (10 µl serum + 1,000 µl reagent). 

Furthermore, the solutions were mixed and incubated for 30 

min at 20–25oC. The TG level was measured by means of a 

Microlab 300 at 500 nm and calculated by: 

TG level (mg/dL) = (Δ samples/Δ standard) × standard 

concentration/cal (mg/dL). 

2.5.3. HDL level 

For precipitation, the serum was prepared as follows: 100 

µl serum and 250 µl HDL precipitant solution were added in 

tubes, mixed, and incubated at 20–25oC for 10 min. 

Furthermore, the solution was centrifuged at 12,000 rpm for 2 

min and the supernatant was used to determine the HDL level. 

Afterward, stock solutions were made using the blank (100 µl 

aquadest + 1,000 µl reagent), 200 mg/dL standard (100 µl 

standard + 1,000 µl reagent), and sample (100 µl serum + 

1,000 µl reagent). The solutions were mixed and incubated for 

10 min at 20–25oC. The HDL level was measured by means 

of a Microlab 300 at 500 nm and calculated by: 

HDL level (mg/dL) = (Δ samples/Δ standard) × standard 

concentration/cal (mg/dL). 

2.5.4. LDL level 

For precipitation, the serum was prepared as follows: 50 µl 

serum and 500 µl LDL precipitant solution were added in 

tubes, mixed, and incubated for 15 min at 20–25oC. Then, the 

solution was centrifuged at 12,000 rpm for 2 min and the 

supernatant was used to determine the LDL level. The stock 

solutions were prepared using the blank (100 µl aquadest + 

100 µl standard + 1,000 µl reagent), standard (10 µl standard 

+ 9 g/L NaCl + 1,000 µl reagent), and sample (100 µl 

supernatant + 1,000 µl reagent). The solutions were mixed 

and incubated for 10 min at 20–25oC. The LDL level was 

measured by means of a Microlab 300 at 500 nm and 

calculated by: 

LDL precipitant level (mg/dL) = (Δ samples/Δ standard) × 

standard concentration/cal (mg/dL) 

LDL level (mg/dL) = cholesterol level–LDL precipitant level. 

2.6. Hematological profiles 

Hematological profiles were measured using an automated 

hematology analyzer (Sysmex model KX-21, Japan). The 

blood samples were homogenized and placed under an 

aspiration probe and the start switch was pressed. Meanwhile, 

the hematological profiles included hemoglobin (HGB), white 

blood cell (WBC), mean corpuscular volume (MCV), 

hematocrit (HCT), red blood cell (RBC), platelet (PLT), mean 

corpuscular hemoglobin concentration (MCHC), mean 

corpuscular hemoglobin (MCH), neutrophil (NEUT), 

lymphocytes (LYM), red cell distribution width (RDW), mean 

platelet volume (MPV), and platelet large cell ratio (P-LCR). 

2.7. Deparaffinization process 

All rats were injected intraperitoneally with 10% ketamine 

at a dose of 0.3 ml/rat, and they were sacrificed after 5 min. 

Afterward, the rats’ abdomen was opened to remove the 

pancreatic glands, which were placed in tubes containing 10% 

neutral buffered formalin. The pancreas were dehydrated for 1 

h each using different concentrations of alcohol (50%, 60%, 

70%, 80%, 90%, and 100%). It was followed by rinsing thrice 

using a xylol solution for 1 h. Furthermore, the pancreas were 

embedded in paraffin and cut using a microtome into 5 µm of 

the thickness. Finally, the samples were stained by 

hematoxylin and eosin on glass slides [63]. 

2.8. Hematoxylin eosin staining 

The deparaffinized embedded tissues were rinsed thrice 

with a xylol solution for 10 min each, rehydrated using 

alcohol solutions (100%, 95%, 90%, 80%, and 70% for 5 min 

on each) and then rinsed using an aquadest for 10 min. 

Furthermore, the preparate tissues were drowned in 75 ml of 

hematoxylin for 3–5 min and rinsed thrice by aquadest for 1 

min each. Next, the tissues were immersed in eosin solution 

for 1–2 min, rehydrated using alcohol solutions (100%, 95%, 

90%, 80% and 70% for 5 min on each), and rinsed again using 

a xylol solution for 3 min on each. Finally, the tissues were 

mounted on glass slides and the islet of Langerhans were 

imaged by means of an Optilab microscope camera [63]. 

2.9. Statistical analysis 

The data of BW, FBG, TC, TG, LDL, HDL, and 

hematological profiles were analyzed by covariate analysis 

followed by post-hoc Tukey’s HSD test (SAS studio version 
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3.8). The pancreatic histopathology was performed a 

descriptive analysis. All data were presented as the mean ± 

standard error of the mean (SEM). 

3. Results and Discussion 

3.1. Rats BW 

The results showed that the BWs and the BWs increment 

of the G1 group were higher than those of diabetic rat groups 

(G2–G6) (p<0.01) (Table 1). The BWs of the diabetic rat 

groups (G2–G6) on day 7 days decreased and increased again 

on day 14–28 days, but the G1 group steadily increased. In the 

G1–G6 groups, the BW showed the increments of 52.57, 

10.74, 26.94, 41.80, 11.35, and 24.79 g/rat, respectively, 

compared to day 0 (Table 1). Based on the increments, the 

data revealed that the G2 and G5 groups were lower than that 

of the G1, G3, G4, and G6 groups, respectively (Table 1). 

Overall, the administration of KH on diabetic rats ameliorated 

the BWs. 

 

Table 1. The BW of normal and diabetic rat groups treated with KH and glibenclamide for 28 days 

Observation times 
Body weight (g/7 days) p value 

G1 G2 G3 G4 G5 G6  

0 day 260.64±2.67b 195.78±3.11a 181.19±9.61a 168.84±3.90a 184.98±6.77a 198.13±7.63a <0.001 

7 days  275.43±3.77b 181.81±4.61a 177.93±9.45a 167.49±7.78a 175.31±7.73a 195.19±8.41a <0.001 

14 days  289.08±6.54b 190.30±7.05a 187.42±9.38a 182.74±10.16a 181.20±7.18a 202.57±10.93a <0.001 

21 days  303.01±9.32b 200.62±8.73a 199.60±9.73a 199.63±11.72a 190.58±9.66a 217.11±11.38a <0.001 

28 days  313.21±12.41b 206.52±9.56a 208.13±9.95a 210.64 ±12.22a 196.32±9.39a 222.91±12.36a <0.001 

abSuperscripts with different letters in the same row indicate significance at p<0.01. Abbreviations: G1 = untreated normal rats, G2 = untreated diabetic rats, G3 

= diabetic rats treated with 0.9 mg/kg BW glibenclamide, G4, G5, and G6 = diabetic rats treated with 1, 2, and 3 g/kg BW KH, respectively.  

 

3.2. FBG level 

The G1 group presented a lower FBG level compared to 

diabetic rat groups (G2–G6) (p<0.01). However, no difference 

(p>0.05) was observed among the diabetic rat groups (G2–

G6) (Fig. 1). The FBG level of G1 group decreased on day 0–

28 but the one in G2 group increased in the same period. 

Furthermore, the FBG levels of G5 and G6 groups increased 

on day 14 but stabilized on day 28 after given with the 

treatment of KH. Interestingly, the FBG level of G4 group 

was found lower on day 14–28 after given treatment 

compared to G3 group. Interestingly, FBG level in the G1 and 

G5 group decreased (Fig. 1). These results indicated that the 

KH treatment prevented the raise of FBG level.  

 

Fig. 1. The FBG levels of the normal and diabetic rat groups at day 0, 14, and 

28 after given the treatment with KH and glibenclamide. Different letters (a 

and b) on the same day indicates significant at p<0.01 

3.3. Blood lipid profiles 

The TC level at day 0 did not differ (p>0.05) between G1 

group (normal rats) and G2–G6 groups (diabetic rats). The G1 

group exhibited a lower TC level on day 14 and 28 compared 

to G2–G6 groups (p<0.01) (Fig. 2A). Interestingly, 28 days 

after the treatment with 1 g/kg BW KH, the TC level of G4 

group showed no difference with the one in the G1 group and 

was lower than that of G3 group. On day 28, the TC level in 

the G1, G4, and G6 groups showed a decrease by 12.48, 

10.42, and 7.34 mg/dL, respectively compared to day 0 (Fig. 

2A). These results indicated that KH can decrease the TC 

level of diabetic rats. 

The TG levels in the G1 group (normal rats) and diabetic 

rat groups (G2–G6 groups) showed no significant difference 

on day 0, 14, and 28. The TG levels increased on day 14 for 

G3–G6 groups but decreased after 28 days when compared to 

day 0 (Fig. 2B). These results indicated that KH can prevent 

the TG level of diabetic rats from rising. 

The LDL level on day 0 did not differ among rat groups 

(G1–G6). Moreover, after 14 days the treatment with KH and 

glibenclamide, the LDL level of diabetic groups (G2–G6) 

were found higher than that of G1 groups (p<0.01) (Fig. 2C). 

However, no difference at the LDL levels were observed on 

day 28 after given the treatment with KH and glibenclamide 

(Fig. 2C). These results indicated that the ingestion of KH by 

the diabetic rats prevented the rise in LDL levels. 

The HDL level in the normal rats (G1 group) and diabetic 

rats (G2–G6 groups) showed no significance on day 0. 

However, on 14 and 28 days after the treatment with KH for 

G3–G6 groups, the HDL levels were found higher than that of 

the G1 group (p<0.01) (Fig. 2D). These findings revealed that 

the KH treatment can increase the HDL levels of diabetic rats. 

3.4. Hematological profiles 

For all rat groups (G1–G6), the hematological profiles on 

day 0 showed significant difference in terms of RDW, PDW, 

MPV, and P-LCR (p<0.01) but not in terms of RBC, WBC, 

HCT, HGB, MCH, MCV, MCHC, LYM, NEUT, and PLT 
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(Table 2). Furthermore, 14 days after the treatment with KH 

and glibenclamide, a significant difference was observed in 

RBC, MCV, and MCH (p<0.05) of all rat groups, but not in 

WBC, HGB, HCT, PLT, MCHC, NEUT, LYM, PDW, RDW, 

P-LCR, and MPV (Table 3). After 28 days of treatment with 

KH and glibenclamide significant differences were observed 

in RBC, HGB, HCT, MCV, and PDW (p<0.05) but had no 

effect on WBC, LYM, MCH, MCHC, NEUT, PLT, MPV, and 

RDW (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. The TC (A), TG (B), LDL (C), and HDL (D) levels of the normal and diabetic rat groups on day 0, 14, and 28 after given the treatment with KH and 

glibenclamide. Different letters (a and b) on the same day indicates significant at p<0.01. Abbreviations: G1 = untreated normal rats, G2 = untreated diabetic 

rats, G3 = diabetic rats treated with 0.9 mg/kg BW glibenclamide, G4, G5, and G6 = diabetic rats treated with 1, 2, and 3 g/kg BW KH, respectively 

Table 2. Hematological profiles of normal and diabetic rat groups before the treatment with KH and glibenclamide on day 0 

Parameters G1 G2 G3 G4 G5 G6 p value 

WBC (103/µL) 8.08±0.66 10.26±0.69 10.52±0.99 11.60±2.46 14.16±1.13 10.14±0.98 0.070 

RBC (106/µL) 8.25±0.87 7.97±0.52 7.18±0.19 7.91±0.49 8.20±0.30 8.14±0.63 0.754 

HGB (g/dL) 17.20±2.16 16.38±1.35 14.56±0.45 16.10±1.10 16.70±0.62 16.30±1.04 0.765 

HCT (%) 51.08±5.03 49.06±3.10 45.12±1.06 48.72±2.90 50.90±1.75 50.28±3.68 0.787 

MCV (fL) 62.10±0.53 61.64±0.41 62.86±0.30 61.64±0.26 62.12±0.51 61.90±0.68 0.485 

MCH (pg) 20.70±0.64 20.50±0.40 20.28±0.39 20.34±0.31 20.38±0.33 20.22±1.14 0.995 

MCHC (g/dL) 33.36±1.16 33.22±0.68 32.28±0.62 33.00±0.55 32.84±0.74 32.74±1.85 0.928 

PLT (103/µL) 764.80±38.75 932.00±90.95 978.00±19.14 849.20±77.63 958.20±35.46 887.00±31.64 0.109 

LYM (%) 74.18±2.47 82.82±1.67 79.42±5.04 82.20±2.23 73.36±7.48 80.66±2.41 0.479 

NEUT (%) 25.82±2.47 17.18±1.67 20.58±5.04 17.80±2.23 26.64±7.83 19.34±2.41 0.479 

LYM (103/µL) 6.04±0.57 8.52±0.65 8.22±0.51 9.38±1.72 10.26±1.19 8.10±0.67 0.102 

NEUT (103/µL) 2.04±0.23 1.74±0.19 2.30±0.79 2.22±0.77 3.90±1.44 2.04±0.42 0.435 

RDW (fL) 31.68±0.61b 30.52±0.32ab 29.40±0.34a 30.6±0.30ab 30.40±0.38ab 29.68±0.44a 0.010 

PDW (fL) 8.26±0.08b 9.04±0.15a 9.24±0.09a 9.22±0.07a 9.22±0.19a 8.98±0.25a <0.001 

MPV (fL) 6.86±0.08b 7.30±0.06a 7.52±0.10a 7.40±0.00a 7.42±0.15a 7.22±0.10ab <0.001 

P-LCR (%) 7.18±0.36a 9.28±0.33ab 10.46±0.54b 10.12±0.36b 10.00±0.79b 9.12±0.48ab <0.001 

abSuperscripts with different letters in the same row indicate significant at p<0.01 

 

D C 

A B 
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Table 3. Hematological profiles of normal and diabetic rat groups after the treatment with KH and glibenclamide for 14 days 

Parameters G1 G2 G3 G4 G5 G6 p value 

WBC (103/µL) 5.52±0.50 6.12±0.86 6.38±0.97 5.86±0.52 5.90±0.46 5.62±1.05 0.970 

RBC (106/µL) 7.38±0.12b 8.00±0.19ab 7.75±0.13ab 8.04±0.11ab 8.13±0.08a 8.05±0.29ab 0.038 

HGB (g/dL) 14.76±0.27 15.36±0.37 14.76±0.20 14.96±0.13 15.12±0.18 15.20±0.42 0.600 

HCT (%) 47.58±0.76 49.46±0.84 48.14±0.53 49.26±0.78 49.88±0.35 49.80±0.71 0.426 

MCV (fL) 64.46±0.56b 61.86±0.69a 62.14±0.50a 61.24±0.40a 61.40±0.24a 61.86±0.27a 0.001 

MCH (pg) 20.00±0.16b 19.18±0.24ab 19.06±0.23a 18.60±0.11a 18.62±0.26a 18.90±0.14a <0.001 

MCHC (g/dL) 31.04±0.25 31.04±0.33 30.68±0.31 30.38±0.22 30.32±0.32 30.54±0.26 0.328 

PLT (103/µL) 925.20±34.32 800.20±52.60 877.60±61.98 807.80±64.25 863.80±48.50 830.60±12.95 0.389 

LYM (%) 82.20±2.20 84.40±3.18 81.08±0.80 85.18±2.52 81.34±2.31 85.12±2.27 0.652 

NEUT (%) 17.80±2.20 15.60±3.18 18.92±0.80 14.82±2.52 18.66±2.31 14.88±2.27 0.652 

LYM (103/µL) 4.52±0.36 4.92±0.73 5.18±0.82 4.96±0.43 4.76±0.27 4.86±1.00 0.989 

NEUT (103/µL) 1.00±0.20 0.88±0.20 1.20±0.15 0.90±0.16 1.14±0.22 0.76±0.07 0.488 

RDW (fL) 35.20±1.05 33.14±0.47 32.66±0.57 34.86±0.86 34.92±0.97 33.06 ±0.36 0.084 

PDW (fL) 8.32±0.22 8.32±0.27 8.38±0.16 8.96±0.29 8.44±0.22 8.20±0.28 0.335 

MPV (fL) 7.08±0.12 7.02±0.17 7.14±0.14 7.08±0.29 7.04±0.14 7.02±0.15 0.996 

P-LCR (%) 7.54±0.49 7.28±0.69 7.82±0.72 8.64±1.00 7.24±0.73 7.18±0.86 0.753 

abSuperscripts with different letters in the same row indicate significant at p<0.01 

Table 4. Hematological profiles of normal and diabetic rat groups after the treatment with KH and glibenclamide for 28 days 

Parameters G1 G2 G3 G4 G5 G6 p value 

WBC (103/µL) 6.10 ± 0.56 5.70 ± 0.51 6.70 ± 0.90 7.52 ± 0.50 4.84 ± 0.32 5.56 ± 0.71 0.071 

RBC (106/µL) 7.50 ± 0.14a 8.70 ± 0.49b 8.02 ± 0.15ab 8.44 ± 0.11ab 8.19 ± 0.07ab 8.12 ± 0.13ab 0.026 

HGB (g/dL) 15.26 ± 0.24a 16.06 ± 0.30ab 16.20 ± 0.21b 16.44 ± 0.14b 16.12 ± 0.13ab 16.24 ± 0.15b 0.009 

HCT (%) 49.98 ± 0.70b 57.00 ± 3.04a 52.50 ± 0.97ab 54.96 ± 0.35ab 53.20 ± 0.71ab 52.74 ± 0.55ab 0.006 

MCV (fL) 66.68 ± 0.60a 65.58 ± 0.38b 65.50 ± 0.39ab 65.12 ± 0.53ab 64.96 ± 0.39ab 65.02 ± 0.49ab 0.033 

MCH (pg) 20.34 ± 0.13 18.74 ± 1.21 20.22 ± 0.24 19.48 ± 0.10 19.68 ± 0.23 20.02 ± 0.28 0.136 

MCHC (g/dL) 30.52 ± 0.14 28.54 ± 1.73 30.88 ± 0.32 29.92 ± 0.21 30.34 ± 0.41 30.78 ± 0.27 0.319 

PLT (103/µL) 962.20 ± 51.86 908.00 ± 51.22 956.20 ± 30.93 876.20 ± 36.10 945.00 ± 83.98 894.40 ± 17.70 0.287 

LYM (%) 88.58 ± 0.77 83.12 ± 2.14 84.62 ± 2.71 87.40 ± 2.63 81.32 ± 4.51 89.46 ± 0.72 0.766 

NEUT (%) 11.42 ± 0.77 16.88 ± 2.14 15.38 ± 2.71 12.60 ± 2.63 18.68 ± 4.51 10.54 ± 0.72 0.209 

LYM (103/µL) 5.42 ± 0.54 4.74 ± 0.48 5.68 ± 0.82 6.54 ± 0.32 3.96 ± 0.40 4.96 ± 0.62 0.209 

NEUT (103/µL) 0.68 ± 0.04 0.96 ± 0.12 1.02 ± 0.22 0.98 ± 0.26 0.88 ± 0.21 0.60 ± 0.10 0.057 

RDW (fL) 34.52 ± 0.46 39.52 ± 0.65 39.28 ± 0.71 40.70 ± 0.82 39.70 ± 1.01 36.86 ± 1.15 0.451 

PDW (fL) 9.26 ± 0.45a 9.30 ± 0.48bc 9.02 ± 0.30bc 9.76 ± 0.30c 8.62 ± 0.25bc 8.96 ± 0.38ab 0.000 

MPV (fL) 7.66 ± 0.27 7.54 ± 0.23 7.48 ± 0.19 7.96 ± 0.17 7.22 ± 0.17 7.54 ± 0.21 0.399 

P-LCR (%) 10.44 ± 1.66 10.16 ± 1.51 9.60 ± 1.15 12.16 ± 0.92 7.84 ± 0.81 9.80 ± 1.18 0.286 

abSuperscripts with different letters in the same row indicate significant at p<0.01 

 

3.5. Pancreatic histopathology 

The pancreatic histopathology of all rat groups showed no 

abnormalities of the islets of Langerhans (Fig. 3). The G1 

group (positive control) exhibited the normal islets of 

Langerhans islets with normally distributed β-cells (Fig. 3G1). 

The G2 group (untreated diabetic rats, negative control) 

suffered from the serious losses of β-cells after inducement by 

STZ (Fig. 3G2). Furthermore, the diabetic rat groups treated 

with glibenclamide (positive control, Fig. 3 G3) and KH (Fig. 

3; G4–G6) had normally distributed β-cells although few 

losses were observed. In addition, the Langerhans islets from 

KH (Fig. 3 G4–G6) were larger compared to untreated 

diabetic rat (Fig. 3 G2, negative control). These results 

indicated that ingestion KH could prevented the damage to 

pancreatic gland and may indicate the recovery of β-cells. 

3.6. Discussion 

DM is a metabolic disease marked by the high chronic 

levels of blood glucose (hyperglycemia) and caused by insulin 

deficiency or disorder in insulin action, affecting the 

impairment of the metabolism of proteins and lipids, making 

leading blood glucose levels higher [1,2]. It is a nutritional 
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functional food to improve human and animal models’ health 

when used in clinical and pre-clinical studies, respectively. 

Honey contains sugars, proteins (enzymes and amino acids), 

flavonoid compounds (phenolic acid and flavonoids), 

vitamins, minerals, organic acids, and aromatic substances [4]. 

KH (T. laeviceps) from Indonesia has been studied for its 

physicochemical properties; it is characterized by low sugar 

contents (fructose at 4.82–22.92% w/w, glucose at 11.36–

22.78% w/w, sucrose at 2.56–6.74% w/v, and reducing sugars 

at 40.90–60.14%) [11,21], high amounts of phenolics (0.65–

2.30% GAE/100 g), flavonoids (0.21–1.00 mg QE/g), and 

antioxidants (47.3–90.5%) [8,10].  

Furthermore, a previous study revealed that 17 amino acids 

such as proline, lysine, arginine, phenylalanine, histidine, 

leucine, isoleucine, methionine, tyrosine, valine, aspartic acid, 

serine, glutamic acids, glycine, threonine, alanine, and 

cysteine [18], and minerals such as Na, Ca, Mg, Cu, K, Zn, 

Fe, Al, and Mn can be found in the honey [20].  

The findings of the study indicated that the ingestion of KH 

ameliorated several diabetic rat parameters that were induced 

with STZ. The diabetic rat groups (G4–G6 groups) that 

ingested KH showed an ameliorated and stable increment in 

the BW for 28 days. The findings are consistent with an 

earlier studied by Sahlan et al. [63] stating that KH (T. biroi) 

ingestion of 0.5, 1, and 2 g/kg BW could reduce BW loss in 

diabetic rat groups induced with STZ. Additionally, according 

to Aziz et al. [62], the consumption of 1 and 2 g/kg BW KH 

(Geniotrigona thoracica) can prevent the BW decrease in 

diabetic rats induced by nicotinamide and STZ. Gholami et al. 

[67] reported that jujube honey ingestion of 1 and 2 g/kg BW 

could increase the diabetic rats’ BW induced with STZ. 

Erejuwa [2] stated, that the consumption of moderate fructose 

is associated with no change in BW however, the excessive 

doses of fructose may have an impact on weight gain. 

Our study showed the fluctuating FBG levels in diabetic rat 

groups treated with KH (G4–G6 groups). However, the FBG 

level in G4 group was stable and did not increase in contrast 

to the one in the untreated diabetic rats (G2 group) (Fig. 1). 

FBG level was determined by the ingestion of carbohydrates 

such as fructose and glucose and was related to glycemic 

index (GI). Low and high GI indicate low and high blood 

glucose levels, respectively [2,60,61]. Honey contains 

fructose, isomaltose, palatinose, and α-cyclodextrin which 

possibly modulate its hypoglycemic effect or antidiabetic 

activity. These effects may be related to gastric emptying with 

prolonged time, food intake, and decreased intestinal 

absorption rate and, gut microbiota modulation, increased 

activity of glycogen synthase and glucokinase, and reduced 

peripheral glucose. Furthermore, honey fructose is an essential 

stimulator of insulin secretion from isolated pancreas and 

leads to triglyceridemic bypassing of the phosphofructokinase 

regulatory step in glycolysis [52]. 

KH (T. laeviceps) used in our study is known to have lower 

sugar contents, such as those of glucose, sucrose, fructose, and 

reducing sugars [11,21]. Furthermore, the KH from T. 

hockingsi, T. carbonaria, G. thoracica, Heterotrigona itama, 

and T. angustula contains trehalulose as the main sugar. 

Trehalulose sugar is known to release in blood in which it is 

considerably slower than that of sucrose [39,43]. Meanwhile, 

Zulkifli et al. [68] stated that regular trehalulose consumption 

is able to ameliorate insulin by regulating glucose metabolism 

to reduce diabetes risk. Thus, the pancreatic gland may be 

repaired by KH to insulin secretion to the metabolism of 

carbohydrates that later can make blood glucose stable and 

being prevented from rising. The FBG levels in our study 

(Fig. 1) were found similar to those observed in earlier study 

by Sahlan et al. [63] and Aziz et al. [62] showing that KH (T. 

biroi and G. thoracica, respectively) administrated on diabetic 

rats could cause fluctuation at the FBG levels.  

Our study observed that the lipid profiles, consisting of TC, 

TG, and LDL fluctuated. However, the HDL in the diabetic 

rat groups increased after given a treatment with KH and 

glibenclamide compared to the untreated normal rats (G1 

group) (Fig. 2). After 28 days, the TG level under the 

treatment with KH tended to decrease when compared to day 

0 and 14 (Fig. 2B). The KH ingestion by diabetic rat groups 

could prevent the increase at TC, TG and LDL levels. 

However, the HDL level was also stably higher. This result is 

found in line with the report by Erejuwa et al. [69], showing 

that Nigerian honey (1.0 or 2.0 g/kg BW) ingestion by 

diabetic rats induced by alloxan substantially increased the 

HDL level and decreased hyperglycemia, TG, VLDL, and 

non-HDL cholesterol. By contrast, the consumption of 3.0 

g/kg BW Nigerian honey only considerably reduced TC and 

VLDL.  

Furthermore, from the use of honey in the treatment of 

diabetes, Erejuwa [2] discovered that it had a hypoglycemic 

impact on diabetic rats induced by alloxan and STZ. Honey 

ingestion raised the levels of serum insulin and HDL in STZ-

induced diabetic rats and decreased those of fructosamine, 

LDL, VLDL, TC, TG, and hepatic dysfunction. In addition, 

Aziz et al. reported that KH (G. thoracica) ingestion by 

diabetic male rats induced by STZ and nicotinamide could 

prevent the increase at TG, TC, and LDL levels, but the levels 

of HDL and serum insulin increased [62]. Alghamdi et al. 

reported that honey extract of 2 mg/kg BW was decreased the 

FBG level in mouse [70]. The daily ingestion of 100 g honey 

for patients with type 1 DM revealed lower GI and peak 

incremental index [66], and increased C-peptide level 

compared to the daily ingestion of sugars (glucose and 

sucrose) [66]. Furthermore, Asaduzzaman et al. reported that 

the honey administration of 1 g/kg BW for 3 weeks in diabetic 

rats decreased TC, TG, LDL, VLDL, and increased HDL [71]. 

The study on honey flavonoids in type-1 diabetic rats 

revealed ameliorated dyslipidemia (impaired lipid 

metabolism) and decreasing blood glucose levels. 

Furthermore, flavonoids inhibited the activities of α-amylase- 

and α-glucosidase- and might be helpful in the management of 

postprandial hyperglycemia [52]. KH (T. laeviceps and T. 

biroi) can inhibit α-glucosidase; KH (T. laeviceps) extracted 

by methanol exhibited a higher inhibition compared to other 

honeys [72]. Additionally, according to Meo et al. [61], honey 

flavonoids can prevent LDL oxidation and increase the HDL 

level. KH contains minerals, Cu and Zn [20]. Honey increased 

the levels of Zn and Cu in serum, which are required in the 

metabolisms of glucose and insulin [73]. Moreover, honey 

minerals can ameliorate lipid and glucose metabolisms by 

raising adiponectin levels and decreasing the oxidative stress 

brought on by lipid peroxidation in diabetic rats [2,74]. 
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Fig. 3. Islets of Langerhans of the normal and diabetic rat groups after given the treatment with KH and glibenclamide. Abbreviations: G1 = untreated normal 

rats, G2 = untreated diabetic rats, G3 = diabetic rats treated with 0.9 mg/kg BW glibenclamide, G4, G5, and G6 = diabetic rats treated with 1, 2, and 3 g/kg BW 

KH, respectively 

 

Compared to those of the untreated normal rats (G1 group), 

the hematological profiles of the diabetic rat groups on day 14 

after given the treatment with KH and glibenclamide showed 

an increasing RBC as well as decreasing MCV and MCH 

levels (Table 3). However, on day 28 after given the treatment 

with KH, the RBC and HGB levels increased (Table 4). High 

RBC and HGB levels are required by the diabetic rat groups 

for normal oxygen transport and nutrients from the 

bloodstream to all organs. This finding is consistent with an 

earlier study by Agussalim et al. [8], reporting that 

malnourished rats showed increasing HGB and lymphocyte 

levels after the treatment with KH (1.8 g/kg BW) for 7 weeks. 

Based on pancreatic histopathology, the islets of 

Langerhans in untreated normal rats and diabetic rat groups 

treated with KH and glibenclamide showed no damage. 

However, the size of islets Langerhans in diabetic which is 

treated with KH was bigger than that of untreated diabetic rats 

with honey (Fig. 3 G2, control negative). These results 

indicated that the ingestion of KH can ameliorate pancreatic 

glands from damage. During the DM, pancreatic damage 

G1 G2 

G3 G4 

G5 G6 
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gradually diminishes their ability to produce and secretion of 

insulin. The administration of honey from G. thoracica 

stingless bee showed as ability to produce near normal insulin 

secreted by the pancreas in diabetic rats supported by the near 

normal of the pancreatic islets with the size bigger than 

untreated diabetic [62]. 

KH used in our study is rich in phenolic and flavonoid, 

which are the excellent sources of antioxidants to inhibit lipid 

oxidation and eliminate reactive oxygen species 

[2,4,8,60,61,75,76]. Ofor et al. explained that the pancreas 

condition was expressed by the antioxidant capacity of honey. 

The higher antioxidant of honey can protect the pancreas 

gland from glucotoxicity of β-cells mediated by oxidative 

stress. Therefore, the use of honey in type 2 diabetes mellitus 

can increase insulin secretion and protect the pancreas from 

damage as well as reactive oxygen species (ROS). Several 

studies revealed that ROS could bring an impact on the 

impaired function of pancreatic β-cells such as inhibiting 

biosynthesis and secretion of insulin and increase β-cell 

apoptosis [77]. 

Erejuwa [2] explained that honey ingestion increased the 

serum insulin level of diabetic rats induced by STZ. These 

findings revealed that the consumption of honey can stimulate 

remnant pancreatic β-cells to produce insulin. The 

administration of honey can protect pancreas from damage 

and oxidative stress, increase the number and size of islet 

cells, and reduce the damage of Langerhans islets. In addition, 

honey has a ability to stimulate β-cells (health, diseased, and 

remnant) to increase the secretions of insulin and C-peptide 

beneficial for deficiency insulin patients. According to Sahlan 

et al. [63], the ingestion of KH (T. biroi) diabetic rat groups 

showed no abnormalities of the pancreatic glands. 

Furthermore, Aziz et al. [62] reported that the ingestion of KH 

(G. thoracica) can protect the pancreatic gland from 

inflammation and oxidative stress via a mechanism that 

maintains the near-normal insulin secretion. 

4. Conclusion 

The ingestion of T. laeviceps has increased the BW of 

diabetic rats induced by STZ. T. laeviceps honey also 

prevented the raise of the FBG, TC, TG, and LDL levels. 

Interestingly, the honey increased the HDL levels, protected 

the pancreas gland from damage and showed no 

abnormalities. T. laeviceps honey can potentially be used as a 

functional food for therapy DM patients. Therefore, advanced 

study on the clinical administration of KH for long periods are 

deemed necessary. 
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