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Abstract
BACKGROUND 
Diabetes is known damage the liver and kidney, leading to hepatic dysfunction 
and kidney failure. Honey is believed to help in lowering the blood glucose levels 
of diabetic patients and reducing diabetic complications. However, the effect of 
stingless bee honey (SBH) administration in relieving liver and kidney damage in 
diabetes has not been well-studied.

AIM 
To investigate the effect of SBH administration on the kidney and liver of strepto-
zotocin-induced (STZ; 55 mg/kg) diabetic Sprague Dawley rats.

METHODS 
The rats were grouped as follows (n = 6 per group): non-diabetic (ND), untreated 
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diabetic (UNT), metformin-treated (MET), and SBH+metformin-treated (SBME) groups. After successful diabetic 
induction, ND and UNT rats were given normal saline, whereas the treatment groups received SBH (2.0 g/kg 
and/or metformin (250 mg/kg) for 12 d. Serum biochemical parameters and histological changes using 
hematoxylin and eosin (H&E) and periodic acid–Schiff (PAS) staining were evaluated.

RESULTS 
On H&E and PAS staining, the ND group showed normal architecture and cellularity of Bowman’s capsule and 
tubules, whereas the UNT and MET groups had an increased glomerular cellularity and thickened basement 
membrane. The SBH-treated group showed a decrease in hydropic changes and mild cellularity of the glomerulus 
vs the ND group based on H&E staining, but the two were similar on PAS staining. Likewise, the SBME-treated 
group had an increase in cellularity of the glomerulus on H&E staining, but it was comparable to the SBH and ND 
groups on PAS staining. UNT diabetic rats had tubular hydropic tubules, which were smaller than other groups. 
Reduced fatty vacuole formation and dilated blood sinusoids in liver tissue were seen in the SBH group. 
Conversely, the UNT group had high glucose levels, which subsequently increased MDA levels, ultimately leading 
to liver damage. SBH treatment reduced this damage, as evidenced by having the lowest fasting glucose, serum 
alanine transaminase, aspartate transaminase, and alkaline phosphatase levels compared to other groups, although 
the levels of liver enzymes were not statistically significant.

CONCLUSION 
The cellularity of the Bowman’s capsule, as well as histological alteration of kidney tubules, glomerular 
membranes, and liver tissues in diabetic rats after oral SBH resembled those of ND rats. Therefore, SBH exhibited a 
protective hepatorenal effect in a diabetic rat model.
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Core Tip: Honey products are widely recognized for their abundant vitamin content and bioactive components, which 
enhance their potential therapeutic benefits in the management of diabetes. This study demonstrated the hepatic and renal 
protective properties of stingless bee honey, which improved the architecture of the kidney and liver in diabetic rats. Thus, 
stingless bee honey could be useful in the treatment or prevention of liver and kidney impairment in diabetes.
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INTRODUCTION
Diabetes mellitus (DM) is becoming an increasingly prevalent major health concern, characterized by hyperglycemia 
secondary to insulin deficiency or resistance[1]. In 2019, 9.3% (463 million) of individuals worldwide had diabetes, 
according to the International Diabetes Federation[2], and this is expected to increase to 10.2% (578 million) by 2030 and 
10.9% (700 million) by 2045 if effective prevention strategies are not applied[3]. In particular, Malaysia has the highest 
rate of diabetes in the Western Pacific region and one of the highest in the world, costing around 600 million United 
States dollars per year[2]. Diabetics are predisposed to macrovascular problems, such as cardiovascular, cerebrovascular, 
and peripheral vascular illnesses, as well as microvascular consequences, such as retinopathies, nephropathies, and 
neuropathies[4].

One complication of uncontrolled diabetes is diabetic nephropathy, characterized by pathological quantities of urine 
albumin excretion, diabetic glomerular lesions, and loss of glomerular filtration rate in diabetics[5]. DM has also been 
associated with many liver abnormalities, such as abnormal glycogen deposition, nonalcoholic fatty liver disease, fibrosis, 
cirrhosis, hepatocellular carcinomas, abnormal elevated hepatic enzymes, acute liver disease, and viral hepatitis[6]. This 
worsens insulin resistance and leads to severe metabolic dysfunction. Moreover, it can destroy hepatocytes and 
contribute to increased morbidity and mortality among diabetic patients.

Regulating blood glucose levels is essential for reducing the risk of diabetic complications and improving the health of 
diabetic patients[7]. Until recently, conventional therapies have only attempted to manage blood glucose levels, but 
efforts to control diabetic complications have been unsuccessful[8]. Honey is a natural substance that consists of 
carbohydrates, water, organic acids, amino acids, enzymes, pigment, and pollens with antibacterial and antiinflammatory 
features[9,10]. Clinically speaking, honey is believed to help lower the blood glucose levels of diabetic patients and 
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reduce diabetic complications[11]. Despite many studies on the therapeutic properties of different types of honey, it is still 
not regularly applied in practice, since there is still controversy regarding glycemic control in individuals with oral honey 
supplementation and the role of honey in diabetic complications.

Oxidative stress plays a vital role in the development of diabetic complications[12]. Honey has been studied in various 
ailments in animal and human models and has been discovered as a novel antioxidant agent[13]. The composition of 
honey depends primarily on its floral source and seasonal and environmental factors[14-16], and thus its different 
varieties may exhibit various health-promoting properties. In particular, SBH includes various compounds (i.e., phenolic 
acids, flavonoid enzymes, organic acids, and other minor compounds) that act as antioxidants, which are believed to have 
a synergistic effect. The phenolic and anti-inflammatory properties of SBH are believed to have a hepatorenal protective 
effect against diabetes. This study aimed to evaluate the effects of oral SBH on serum biochemical parameters and 
histological changes in the liver and kidney in a streptozotocin (STZ)-induced diabetic Sprague Dawley (SD) rat model.

MATERIALS AND METHODS
Animal model
The experimental animals in this study were male SD rats (n = 30), 8-10 wk old, weighing 200-250 g, purchased from the 
Animal Research and Service Centre (ARASC), University Sains Malaysia, Health Campus, Kubang Kerian. All rats were 
housed in plastic cages and maintained under standard laboratory conditions (21°C ± 2°C) with a 12 h light/dark cycle. 
Rats were given free access to normal standard rat pellet diet (10%/kg) supplied by ARASC USM and water ad libitum. 
The rats were acclimatized for one week before the experiment to reduce stress and familiarize them with human 
contacts. This study was conducted in accordance with the Institutional Guidelines for the Care and Use of Animals for 
Scientific Purposes (IACUC @ USM V4.Apr18).

Induction of STZ in diabetic rat model
The rats were divided into five groups based on the treatment given: non-diabetic (ND) rats as the control group (given 
normal saline), untreated diabetic (UNT) rats (given normal saline), SBH-treated (2.0 g/kg) diabetic rats, metformin-
treated (MET) (250 mg/kg) diabetic rats, and SBH+metformin-treated (SBME) diabetic rats. In all except the ND group, 
Diabetes was induced by a single intraperitoneal injection of a freshly prepared solution of STZ (Sigma Aldrich, United 
States) 50 mg/kg BW in 0.1 M cold sodium citrate buffer (pH 4.5) after overnight fasting[17]. Diabetes was confirmed 
based on elevated fasting capillary plasma glucose (CPG) levels determined on days 3 and 7 after STZ injection; those 
persistently exhibiting CPG > 11.1 mmol/L were used for the experiment[18]. In this study, the range of CPG before 
treatment was 15.02-19.95 mmol/L, which was not more than 21.0 mmol/L. No mortality was observed during DM 
induction. The treatment was given via oral gavage by means of a tube inserted into the stomach through the mouth.

Histological analysis
Rats were euthanized via cervical dislocation under anesthesia using ketamine plus xylazin. The kidneys and livers of all 
rats were harvested and preserved in 10% formalin. Samples then underwent a standard dehydration process in a series 
of increasing ethanol concentrations for 24 h using a processing machine. The tissue was then degreased with xylene, 
embedded in paraffin, and sectioned using a histological microtome. Afterward, 2.5-μm tissue sections were mounted on 
a glass slide, stained using hematoxylin and eosin (H&E) and periodic acid–Schiff (PAS) staining, then visualized under a 
light microscope at 40× magnification (Olympus BX41) and image analyzer.

Biochemical analysis
CPG was measured using a URight blood glucometer (Uright, TD 4279) using the tail-prick technique to obtain tail vein 
blood. To collect fresh small medium of blood, an appropriate restraint device was used, and the withdrawal site was 
cleaned with alcohol. A finger prick lancet was used on the tail vein, and then capillary blood glucose was measured 
using a glucometer. After 12 d of treatment, the rat was euthanized before blood collection using cardiac puncture. The 
blood samples were then centrifuged at 4500 rpm for 10 min, and the serum samples were stored at 80°C until further 
analysis. Serum urea, creatinine, sodium (Na+), potassium (K+), calcium (Ca), magnesium (Mg), albumin, total protein, 
alanine transaminase (ALT), aspartate transaminase (AST), and alkaline phosphatase (ALP) were analyzed using an auto 
analyzer (Abbott ARCHITECT analyzer). Serum MDA was analyzed using the MDA ELISA Kit from Elabscience, USA, 
which uses the Sandwich-ELISA principle. All procedures were performed according to the manufacturer’s instructions.

Statistical analysis
Experimental data are presented as the mean ± SE of the mean in this study. One-way and two-way repeated measures of 
analysis of variance (ANOVA) were used to analyze CPG. Biochemical results were compared between groups by one-
way ANOVA. All the analyses conducted were followed by Tukey’s post-test and performed using GraphPad Prism, v9.0 
software (GraphPad, San Diego, CA, United States; alkaline phosphatase), with P < 0.05 denoting statistical significance.
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Table 1 Mean fasting capillary blood glucose (day 0 and day 13) in response to different treatments over 12 d

Fasting capillary plasma glucose (mmol/L)
Group

Day 0 Day 13

Non-diabetic 4.85 ± 0.26 4.48 ± 0.38

Untreated diabetic 20.00 ± 1.69 21.38 ± 2.94

Stingless bee honey 14.74 ± 2.25 7.66 ± 1.60

Metformin-treated 13.78 ± 1.18 7.00 ± 2.44

Stingless bee honey plus metformin 12.25 ± 2.43 9.73 ± 3.72

Data was analyzed using one-way and two-way repeated measures ANOVA, followed by Tukey’s post-test. Data are expressed as mean + SEM.

Table 2 Biochemical evaluation of renal function in response to different treatments over 12 d

Analytes ND UNT SBH MET SBME

Urea (mmol/L) 8.28 ± 0.59 14.28 ± 4.92 7.95 ± 1.85 9.70 ± 0.30 7.30 ± 3.20

Creatinine (µmol/L) 46.00 ± 1.73 50.67 ± 1.80 46.17 ± 2.48 37.82 ± 8.62 40.80 ± 11.91

Na+ (mmol/L) 135.30 ± 1.93 138.40 ± 0.68 136.30 ± 0.88 134.40 ± 1.12 135.00 ± 1.23

K+ (mmol/L) 4.68 ± 0.12 4.45 ± 0.10 4.56 ± 0.32 4.52 ± 0.17 4.48 ± 0.11

Ca2+ (mmol/L) 2.36 ± 0.06 2.28 ± 0.04 2.35 ± 0.05 2.32 ± 0.04 2.36 ± 0.03

Mg2+ (mmol/L) 0.95 ± 0.03 0.88 ± 0.03 1.07 ± 0.05 0.93 ± 0.05 1.01 ± 0.14

Data were analyzed using one-way ANOVA, followed by Tukey’s post-test. Data were expressed as mean + SEM. Among these five groups, there were no 
statistically significant differences in all parameters.

RESULTS
To evaluate the antihyperglycemic effects of SBH, changes in CPG levels were measured on days 0 and 13 of treatment. 
Table 1 shows the effect of SBH and SBME on fasting blood glucose (FBG) concentrations in the diabetic rat groups on 
days 0 and 13 of treatment. The SBH, MET, and SBME groups had consistently reduced FBG levels throughout the 
treatment period. On day 13, the SBH- and MET-treated groups showed lower FBG levels than the SBME group. 
Meanwhile, UNT diabetic rats had the highest FBG compared to the other groups at all time points.

Biochemical analysis
Serum urea and creatinine levels were measured to assess renal function and injury (Table 2). UNT diabetic rats showed 
the highest serum urea (14.28 + 4.92 mmol/L) and creatinine levels and (50.67 + 1.80 µmol/L) compared with ND rats. 
The SBH group had a lower serum urea compared with UNT diabetic rats. However, across the different treatment 
groups, SBME had the lowest serum urea level, followed by the SBH and MET groups. Meanwhile, for serum creatinine 
level, MET-treated diabetic rats had the lowest level of creatinine followed by SBME- and SBH-treated groups, but none 
of them were statistically significant.

Na+ levels in all diabetic rats were not significantly different compared to ND rats, but this was highest in UNT diabetic 
rats. The SBH group had a lower Na+ level compared to the UNT group. However, the MET groups had the lowest Na+ 
levels compared to all the treatment groups. The UNT group had a lower level of K+ (4.45 + 0.10 mmol/L) vs controls. 
Compared to the UNT group, the highest level of K+ was seen in the MET group (4.56 + 0.32 mmol/L), followed by the 
MET (4.52 + 0.17 mmol/L) and SBME (4.48 + 0.11 mmol/L) groups. The serum Ca2+ level of the UNT group was also 
lower than controls. The SBH, SBME, and MET groups had higher Ca2+ levels than that the UNT group, but this was not 
statistically significant. Meanwhile, serum Mg2+ levels were reduced in UNT rats vs ND rats. Serum Mg2+ was highest in 
the SBG group, followed by the SBME and MET groups.

Serum albumin in the SBH and SBME groups was higher than that of the UNT group, but lower than that of the ND 
group. The MET group had the lowest albumin level (28.40 + 0.51 g/L) out of all the groups of rats, but this was not 
significantly different. UNT rats had lower serum total protein than the ND rats. The SBME group, as well as the SBH and 
MET groups, had a higher total protein level than UNT diabetic rats, but this was not statistically significant.

Serum ALT was higher in the UNT group (75.50 + 33.18 U/L) vs ND rats. The SBH group had a lower serum ALT vs 
the UNT group. Conversely, serum AST (121.00 + 7.44 U/L) and ALP (162.00 + 25.65 U/L) were highest in the UNT 
group, compared to the ND and treatment groups. Meanwhile, the lowest serum ALP was seen in the MET group (126.70 
+ 14.84 U/L), followed by the SBH (131.70 + 23.92 U/L) and SBME (149.30 + 7.75 U/L) groups. The biochemical 
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Figure 1 MDA level in diabetic rats in response to different treatments over 12 d. Data were analyzed using one-way analysis of variance, followed by 
Tukey’s post-test. Data showed in mean ± SEM; a,bP < 0.05. ND: Non-diabetic group; UNT: Untreated diabetic group; SBH: Stingless bee honey group; MET: 
Metformin group; SBME: Stingless bee honey plus metformin group.

Figure 2 H&E staining of kidney tissue samples on day 13. A: Tissue sample for the non-diabetic control group; B: Untreated (UNT) diabetic group; C: 
Stingless bee honey (SBH) treatment group; D: Metformin (MET) treatment group; E: Stingless bee honey plus metformin (SBME) treatment group. The UNT group 
showed an increase in glomerular cellularity and tubular hydropic changes. The MET and SBME groups showed high cellularity and mesangial matrix expansion. The 
SBH group showed a decrease in hydropic changes and mild cellularity of the glomerulus (H&E staining, 40 ×). G: Glomerulus; CB: Capsule Bowman; T: Tubules; 
HC: Hydropic changes; IC: Increased cellularity; C: Capillary; M: Mesangial cell; MC: Mild cellularity.

evaluation of liver function tests in rats treated with different treatments for 12 d are shown in Table 3.
An MDA assay was performed to determine the role of SBH supplementation in the lipid peroxidation process. 

Figure 1 shows the MDA levels after 12 d of treatment. The MDA level was significantly higher in the UNT group vs ND 
rats (P < 0.05), whereas it was significantly lower in the treatment groups than in the UNT group (P < 0.01). The SBME 
group had significantly lower MDA levels compared to the SBH group (P < 0.05).

Hematoxylin and eosin staining of the kidneys
ND rats showed a normal architecture of Bowman’s capsule and tubules; the glomeruli had normal cellularity and no 
hydropic changes of the tubules (Figure 2A). Contrarily, the UNT group had increased glomerular cellularity and tubular 
hydropic changes was also observed (Figure 2B). In the SBH-treated groups, the kidney architecture showed a decrease in 
hydropic changes and mild cellularity of the glomerulus compared with the ND group (Figure 2C). The MET and SBME 
groups had higher cellularity than the SBH group as well as tubular hydropic changes were seen (Figure 2D and E). 
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Table 3 Biochemical evaluation of liver function in response to different treatments over 12 d

Analytes

TotalGroup
Albumin (g/L)

Protein (g/L)
ALT (U/L) AST (U/L) ALP (U/L)

Non-diabetic 32.00 ± 1.10 54.25 ± 0.75 58.00 ± 5.40 110.40 ± 12.14 134.60 ± 5.59

Untreated diabetic 28.50 ± 0.65 49.67 ± 2.19 75.50 ± 33.18 121.00 ± 7.44 162.00 ± 25.65

Stingless bee honey 29.33 ± 0.71 52.67 ± 2.32 64.20 ± 0.80 108.30 ± 11.46 131.70 ± 23.92

Metformin 28.40 ± 0.51a 50.33 ± 0.33 69.00 ± 7.41 110.30 ± 6.921 126.70 ± 14.84

Stingless bee honey plus metformin 29.50 ± 0.87 53.67 ± 1.20 71.50 ± 15.50 116.00 ± 11.41 149.30 ± 7.75

aP < 0.05 compared with non-diabetic.
Data were analyzed using one-way ANOVA, followed by Tukey’s post-test. Data were expressed as mean + SEM. ALT: Alanine transaminase; AST: 
Aspartate transaminase; ALP: Alkaline phosphatase.

Figure 3 Periodic acid–Schiff staining of kidney tissue sample on day 13. A: Tissue sample for the non-diabetic (ND) control group; B: Untreated (UNT) 
diabetic group; C: Stingless bee honey plus metformin (SBME) treatment group; D: Stingless bee honey (SBH) treatment group; E: Metformin (MET) treatment group. 
The ND control group showed normal kidney tissue architecture. The UNT group had hydropic tubules and thickened basement membrane of the glomeruli, tubules, 
and blood capillaries. The SBH group showed improvement in these basement membrane changes. The MET group showed mild thickening of the glomerular 
basement membrane. The SBME group showed improvement of the basement membrane (PAS staining, 40 ×). G: Glomerulus; TBM: Thin layer basement membrane 
of glomeruli; T: Tubules; THBM: Thickening basement membrane of glomeruli; TT: Thickening basement membrane of tubules; AT: Atrophic tubules; MTBM: Mild 
thickening basement membrane of glomeruli.

Mesangial matrix expansion was observed in the kidneys of both MET and SBME rats.

PAS
The ND rats showed a thin layer of glomeruli basement membrane when stained with PAS (Figure 3A). UNT diabetic rats 
showed tubular hydropic tubules, which appeared to be smaller than that of other groups. Figure 3B also indicates 
thickening of the basement membrane of glomeruli, tubules, and blood capillaries as the intensity of PAS stain increased. 
The basement membrane of the SBH-treated rat kidney (Figure 3C) appears to resemble the ND rat kidney. The MET-
treated rat kidney (Figure 3D) showed mild thickening of the glomeruli basement membrane. The basement membrane of 
the rat kidney in the SBME-treated group (Figure 3E) was also comparable to that of the SBH and ND groups.
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Figure 4 H&E staining of liver tissue sample on day 13. A: Tissue sample for the non-diabetic (ND) control group; B: Untreated (UNT) diabetic group; C: 
Stingless bee honey (SBH) treatment group; D: Metformin (MET) treatment group; E: Stingless bee honey plus metformin (SBME) treatment group. The ND control 
group showed normal liver architecture. The UNT group had lipid droplet formation in hepatocytes with dilated blood sinusoids and congestion surrounding central 
veins. The SBH group showed significant reduction in steatosis and sinusoid congestion. The MET group showed a reduction in steatosis, but sinusoids congestion 
was still present. The SBME group had decreased lipid droplet formation and dilated blood sinusoids (H&E staining, 40 ×). CV: Central vein; BS: Blood sinusoids; H: 
Hepatocytes; LD: Lipid droplet; DBS: Dilated blood sinusoids.

Effect of SBH on rat liver after treatment
Hematoxylin and eosin staining: Compared to controls (Figure 4A), histological alterations were detected in the liver 
tissue of UNT diabetic rats, which revealed significant steatosis harboring lipid droplet formation in hepatocytes with 
dilated blood sinusoids and congestion surrounding the central veins (Figure 4B). This was in accordance with an 
increase in the serum ALT and AST, which are indicators of hepatocyte damage. However, these pathological alterations 
were reduced after treatment with SBH (Figure 4C), which showed a normal structure of the hepatic cells, specifically, 
reduced steatosis and congestion of sinusoids. MET-treated rats still showed dilation of sinusoids but had reduced 
formation of lipid droplets compared to the UNT group (Figure 4D). The SBME group had similar liver structure to the 
SBH group, wherein the fatty vacuoles and dilation of sinusoids were decreased vs UNT diabetic rats (Figure 4E). Thus, 
SBH administration ameliorated STZ-induced diabetic hepatic toxicity and hyperlipidemia.

Periodic acid–Schiff staining: The ND rat liver showed normal staining of glycogen content on PAS (Figure 5A). In the 
UNT group, the glycogen content in the liver structure of rats can be observed clearly (Figure 5B). Interestingly, after 
treatment with SBH for 12 consecutive days, the glycogen content was decreased, as only some cells were maintained 
(Figure 5C). Similarly, in the SBME group, only some cells had a positive PAS stain effect (Figure 5D). Treatment with 
MET (Figure 5E) did not change the rat liver structure, since it was still similar to that of the UNT group, wherein the 
intensity of glycogen stain increases in almost all hepatocytes.

DISCUSSION
The International Diabetes Federation estimates that 537 million people were living with diabetes in 2021, with an 
expected increase to 784 million by the year 2045[19]. The association between liver illness and diabetes mellitus (DM) is 
well established[20]. Diabetes is the most common cause of kidney failure requiring kidney transplantation or dialysis 
worldwide[21].

In this study, after 12 d of treatment, the concentrations of serum urea and creatinine for all groups of rats were within 
a normal reported range. UNT rats had the highest level of serum urea and creatinine compared with ND rats, suggesting 
that STZ-induced toxic effects on the kidneys[22]. Tavafi[23] reported significantly high levels of serum urea and 
creatinine in diabetic rats (induced by alloxan) compared with normal control rats after 8 wk, which might be due to a 
longer period of treatment taken for treating DM rats than in our current study of only 12 d.
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Figure 5 Periodic acid–Schiff staining of liver tissue sample on the 13th day of study. A: Tissue sample for the non-diabetic (ND) control group; B: 
Untreated diabetic (UNT) group; C: Stingless bee honey (SBH) treatment group; D: Stingless bee honey plus metformin (SBME) treatment group; E: Metformin 
treatment (MET) group. The ND control group showed normal architecture. The UNT group showed an increase in glycogen content. The SBH diabetic group showed 
a reduction in glycogen content. The MET group showed an increase in glycogen content. The SBME group showed a reduction in glycogen content (PAS staining, 
40 ×). CV: Central vein; GC: Glycogen content showed an increase in glycogen content.

Histological findings revealed tubular hydropic alterations and an increase in glomerular cellularity of kidney sections 
in UNT diabetic rats vs ND rats. Structural changes in the kidney could be related to diabetic metabolic changes. After 
staining with H&E and PAS, kidney sections from STZ-induced diabetic rats showed significant vacuolar degeneration of 
tubules, increased glomerular cellularity, mesangial matrix enlargement, and basement membrane thickening, likely 
caused by the extreme hyperglycemia from STZ induction. In line with this, Obi-Ezeani et al[24] described tubular 
epithelial alterations, increased capsular space, and glomerular degeneration in diabetic rats. Treatment with SBH had a 
favorable effect in mitigating renal injury by reducing hydropic alterations and improving basement membrane integrity. 
Compared to SBH-treated diabetic rats, high glomerular cellularity and mesangial matrix growth can still be detected 
with MET and SBME treatment. Furthermore, after staining with PAS, MET-treated rat kidneys had a slightly thickened 
glomeruli basement membrane. SBME-treated animals had similar basement membranes to those of the SBH and ND 
groups. Thus, therapy with SBH alone considerably reduced the changes identified on H&E and PAS staining, indicating 
its preventive role in renal injury.

MDA is a highly toxic aldehyde produced as a result of polyunsaturated fatty acid peroxidation, and it is a common 
indicator of lipid peroxidation[24]. DM can cause tissue damage through lipid peroxidation. Our findings revealed that 
the UNT group had the highest serum MDA level, likely from an increase in reactive oxygen species production caused 
by persistent hyperglycemia in UNT diabetic rats. Hyperglycemia reduces antioxidant levels in rats while increasing free 
radicals. However, treatment with SBME in our study significantly suppressed MDA levels in STZ-induced diabetic rats; 
this could help reduce oxidative stress. Our findings were consistent with those of other studies that indicated that SBH 
improved the MDA level in diabetic rats[25].

Elevated serum aminotransferase activity is a common indicator of liver illness. ALT and AST are common serum 
biochemical indicators that are regularly examined to diagnose liver injury and abnormalities[24,26]. The biochemical 
data in our study agreed with our histological observations using H&E and PAS staining. In UNT diabetic rats, lipid 
droplets accumulated in the cytoplasm of hepatocytes (Figure 4B and D). STZ caused acute liver injury in the current 
investigation, as evidenced by an increase in liver enzymes and histological abnormalities in the liver tissue of UNT 
diabetic rats (Figure 5B) after 12 d compared with ND rats, but these differences were not statistically significant. 
Nevertheless, after 12 d of SBH and MET treatment, ALT, AST, and ALP activity were all reduced, possibly because of the 
hepatoprotective effects of SBH and MET. Thus, even if hyperglycemia increased the MDA levels, causing oxidative liver 
damage, treatment with SBH was able to protect the liver by lowering blood ALT, AST, and ALP levels, possibly due to 
its hypoglycemic and antioxidant properties. Therefore, SBH can help improve impaired liver function in STZ-induced 
diabetic rats.

The current study has some limitations. The short treatment period may have contributed to the non-significant 
changes in biochemical results, despite clear histological changes seen in the liver and kidneys of diabetic rats. Moreover, 
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during the 12-d treatment period, the ND rats did not receive SBH treatment. Future studies should explore the potential 
benefits and effects of oral SBH delivery in ND rats.

CONCLUSION
Although there were no significant variations in serum creatinine and urea levels between the groups, kidneys from the 
SBH group showed a normal thin layer of glomeruli basement membrane, equivalent to that of ND rats, and less 
hydropic alteration than the other groups. Although the decrease serum ALT, AST, and ALP levels were not significant, 
SBH treatment caused a histologically evident improvement in hepatocytes and reduced the formation of fatty vacuoles 
and dilatations of blood sinusoids in diabetic rat livers.

ARTICLE HIGHLIGHTS
Research background
Studies have demonstrated an inverse relationship between honey consumption and the risk of diabetes and its complic-
ations. The argument about using honey to lower blood glucose and prevent hepatorenal diabetic complications however, 
continued.

Research motivation
Recent research has focused on exploring the biochemical and histological effects on kidney and liver of diabetic rats 
given oral stingless bee honey (SBH) and compared with rats given metformin (MET), combination SBH+MET, untreated 
and non-diabetic rats.

Research objectives
We investigated the effect of SBH administration on the serum biochemical parameters and the histological changes in 
streptozotocin induced diabetic rats’ kidney and liver using hematoxylin and eosin (H&E), Periodic Acid Schiff (PAS) 
staining.

Research methods
Sprague Dawley rats (n = 30) grouped into 5, i.e. SBH-treated, metformin-treated (MET) and SBH+metformin-treated 
(SBME) non-diabetic (ND) and untreated diabetic (UNT) groups. The rats were sacrificed after 12 d of treatment, and 
serum, kidney and liver collected from the rats were used for biochemical parameters assessment.

Research results
SBH-treated group showed reduce in hydropic changes and mild cellularity of glomerulus as compared to ND group on 
H&E staining, but resembled ND group on PAS staining. Liver tissues of SBH-treated groups revealed lower fatty 
vacuoles formation and dilatation of blood sinusoids as compared to other groups. Biochemically, glucose reduction and 
lowest serum MDA, AST, ALT and ALP observed in SBH-treated compared to MET, SBME and UNT groups.

Research conclusions
The oral SBH prevent diabetic complications development indicated by liver and kidney histology of SBH-treated 
diabetic rats. This finding offers a good perspective of honey role in managing diabetes.

Research perspectives
Longer duration of treatment might improve the biochemical parameters. Future study on honey role in diabetic patients 
and metabolomic analysis to profile the serum of human treated with SBH and MET is necessary to uncover the 
underlying mechanisms.
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