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Abstract: Honey has been used as a traditional remedy
for various health benefits. This study investigated the
potential of honey against the onset of autoimmune dia-
betes and its associated secondary complications in type
1 diabetic (T1D) experimental animals. Autoimmune dia-
betes was induced in Sprague Dawley rats, and at the same
time, the ratswere treatedwith honey ormetformin. Sandwich
ELISAs were used to estimate blood glucose, hemoglobin A1C
(HbA1c), total cholesterol, and triglycerides. Histopathological
examinations determined the T1D-induced lesions on kidneys,
pancreas, cornea, and retina. Treatment of rats with honey
during the course of T1D induction showed a significant
reduction in fasting-blood-glucose and HbA1c (p < 0.01),
and total lipid profile was also improved (p < 0.05). Not
only these, but honey also reduced the T1D-induced lesions
in the kidney, pancreas, and cornea/retina (p < 0.05).
Metformin showed similar effects and was used as a positive
control. In conclusion, honey showed therapeutic poten-
tial against the onset of autoimmune diabetes, as it

reduces blood glucose/HbA1c and improves the lipid pro-
file by reducing the plasma levels of total cholesterol,
low-density lipoproteins (LDL), very low-density lipopro-
tein (VLDL), and triglycerides. Moreover, it also showed
protective potential against the development of diabetic
nephropathy, pancreatitis, and retinopathy.
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1 Introduction

Diabetes mellitus (diabetes) is one of the major public
health problems all over the globe, and its prevalence
is continuously on the rise, and now it has threatened
globally as an epidemic [1]. It is well documented that
patients with uncontrollable diabetes have also been
associated with several other major complications like
retinopathy, renal impairment, cardiovascular disease,
etc. These can further lead to an increase in the mortality
rate worldwide [2]. Numerous pathogenic mechanisms
are involved in the onset of diabetes, ranging from auto-
immune destruction of the pancreatic β-cells with con-
sequent insulin deficiency to abnormalities that result in
resistance to insulin action [3]. It is reported that the
metabolic abnormalities in carbohydrate, fat, and pro-
tein in diabetes could be due to the lack of supply of
insulin, which results from inadequate insulin secretion
and/or diminished tissue responses to insulin at one
or more points in the complex pathways of hormone
action. Impairment of insulin secretion and defects in
insulin action frequently coexist, which may be the pri-
mary cause of hyperglycemia [4,5]. Polyuria, polydipsia,
weight loss, polyphagia, and blurred eyes are the symp-
toms of chronic diabetes [6]. Moreover, abnormalities asso-
ciated with growth and susceptibility to certain bacterial,
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fungal, and viral infections may also be accompanied by
diabetes [7]. Long-term complications of chronic hypergly-
cemia include retinopathy with the potential loss of vision;
nephropathy leading to renal failure; peripheral neuro-
pathy with risk of foot ulcers, amputations, and Charcot
joints; and autonomic neuropathy causing gastrointestinal,
genitourinary, and cardiovascular symptoms and sexual
dysfunction [8,9]. Furthermore, diabetic patients have an
increased incidence of atherosclerotic cardiovascular, per-
ipheral arterial, and cerebrovascular disease [10]. Not only
these, but diabetic patients are also generally hypertensive,
and lipoprotein metabolic abnormalities are often reported
in them [11,12]. It is now well-known that diabetes has a
multifactorial etiology that includes genetic, social, and
environmental factors [2,12–14]. Till now, no medication
is considered curable for diabetes, but the use of alter-
native medicines is somewhat useful for controlling the
sugar levels in these patients [15]. Few studies at cellular
and animalmodels reported that honey ameliorates hyper-
glycemia and reduces the levels of oxidative damage
under diabetic conditions [16,17]. Besides, honey was
also reported to increase high-density lipoprotein (HDL)
and protect the liver by reducing hepatic transaminases
[18,19]. However, controversial reports were also pub-
lished for diabetic patients, mentioning that honey has
increased the levels of HbA1c [20]. Most importantly, stu-
dies also reported that the combination of honey with anti-
diabetic drugs improved the levels of body antioxidants
status and helped normalize the hyperglycemic conditions
and reduced abdominal pain, and was helpful for wounds,
asthma, and burns [19–21]. In support of these, studies
also showed that honey has the benefit of managing dia-
betes through the control of hyperglycemia and limiting
other metabolic disorders [22,23]. In spite of these benefits
of honey, it is still not clear whether or not honey provides
anti-glycemic benefits to patients during the development
of type 1 diabetes (T1D). In view of these, this study was
hypothesized for the first time that the administration of
royal jelly honey prevents the onset of T1D. The honey was
tested against the onset of T1D in a rat model of TID to
investigate this hypothesis. Our novel findings showed
that the royal jelly honey reduces blood sugar levels by
reducing the blood glucose or HbA1c and improves the
lipid profiles during the onset of T1D in experimental
rats. Furthermore, the royal jelly honey also reduces the
T1D-induced lesions on the kidney, pancreas, cornea, and
retina, indicating that it is also helpful to prevent the onset
of diabetes-associated secondary complications.

2 Methods

2.1 Study setting, duration, and design

This is an animal-based experimental study performed in
the College of Medicine, Qassim University, KSA, from Jan
2019 to Aug 2019. The study was designed to determine the
specific role of royal jelly honey in T1D animal model.

2.2 Acclimatization of experimental rats

A total of 50 Sprague-Dawley rats (aged 4 weeks; weighing
120–130 g) were collected from the Animal Unit of the
Faculty of Pharmacy, King Saud University, Saudi Arabia.
The rats were housed in plastic cages at a controlled
temperature of 22 ± 3°C with a 12 h light/dark cycle for
2 weeks in the College of Medicine, Qassim University,
Saudi Arabia. Animals were fed with standard chow diet,
comprised of crude protein 20.0%, crude fat 4.0%, crude
fiber 3.5%, ash 6.0%, salt 0.5%, calcium 1.0%, phosphorus
0.6%, vitamin A 20.0 IU/g, vitamin D 2.2 IU/g, vitamin E
70.0 IU/kg, energy 2,850 ME kcal/kg, and trace minerals
such as cobalt, copper, iodine, iron, manganese, selenium,
zinc (catalog # F-1005, The Saudi Grains Organization,
SAGO, Saudi Arabia), and the diet was given as described
previously [24].

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals,
and has been approved by the Institutional Review Board
of Deanship of Scientific Research, Qassim University
(IRB approval #19-09-02).

2.3 Induction and treatment of T1D rats

After 2 weeks of acclimatization of rats, T1D was induced
by intraperitoneal injections of streptozotocin (STZ) as
described previously [25]. Briefly, T1D was induced in
Sprague Dawley rats by intraperitoneal injections with
STZ (75 mg/kg; catalog # S0130, Sigma-Aldrich, St. Louis,
MO, USA) dissolved in a citrate buffer (0.1 mol/L sodium
citrate and 0.1 mol/L citric acid, and pH 4.5), and at the
same time, the rats were also administered with royal
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jelly honey (0.3–0.9mL/kg; Buram GmbH, Berlin, Ger-
many) or metformin (CAS # 1115-70-4, Calbiochem). The
final treatment dose of royal jelly honey was decided to
be 0.85 mL/kg after standardization as this dose showed
the best inhibitory effect of T1D in STZ -treated rats.
Whereas a standardized dose of metformin 70mg/kg
was given to the diabetic rats as described previously
[26]. All the experimental rats were divided into 4 groups
(n = 40). The first group was untreated healthy rats used
as controls (n = 10), the second group was T1D rats
(n = 10; 75 mg/kg STZ), the third group was treated with
honey (n = 10; 0.85mL/kg) during the course of T1D induc-
tion, and the fourth group was treated with metformin
(n = 10; 80 mg/kg) during the course of T1D induction.

2.4 Estimation of diabetic markers in blood
samples of experimental rats

The fasting blood samples were collected after 4 weeks of
continuous T1D induction and treatment with honey or
metformin. Whole blood was used for HbA1c assay, and
plasma samples were used to estimate blood glucose,
total cholesterol, low-density lipoproteins (LDL), very
low-density lipoprotein (VLDL), HDL, and triglycerides
using the sandwich ELISAs. The levels of blood HbA1c
were measured by rat-specific glycated hemoglobin A1c
ELISA Kit (catalog # MBS2033689, MyBioSource Inc., San
Diego, CA, USA), whereas the fasting plasma glucose was
measured using rat specific glucose ELISA kit (catalog #
MBS7233226, MyBioSource Inc.). The total cholesterol
was measured using rat total cholesterol ELISA Kit
(#MBS775433, MyBioSource Inc.), the levels of HDL in
the plasma was measured by the rat specific high-density
lipoprotein ELISA Kit (catalog #MBS704516, MyBioSource
Inc.), VLDL was measured by rat very low-density lipo-
proteins, ELISA Kit (#MBS026726, MyBioSource Inc.),
LDL was measured by rat low-density lipoprotein ELISA
Kit (#MBS702165, MyBioSource Inc.) and the levels of
triglycerides in experimental rats were measured by
the rat triglyceride ELISA Kit (catalog # MBS726298,
MyBioSource Inc.) as instructed by the manufacturer’s
instructions (MyBioSource Inc., San Diego, CA, USA).

2.5 Histological examination

Samples of kidneys, pancreas, eye cornea, and retina
were taken from the experimental rats, fixed in neutral

buffered formalin for 48 h, and processed for hematox-
ylin-eosin histopathological examination using routine
methods as described previously [27]. Briefly, the col-
lected tissues of kidneys, pancreas, eye cornea, and eye
retina from rats were immersed in 4% paraformaldehyde
for 48 h and then dehydrated step by step using a gra-
dient of ethanol (50, 70, 80, 90, 95, and 100%). Tissue
samples were immersed in xylene for 30min and incu-
bated in paraffin at 65°C overnight. Once embedded in
wax, the samples were cut serially into 5 μm thick sections
using a microtome (Leica Biosystem, Wetzlar, Germany)
and spread over microscopy slides. The sections were
deparaffinized with fresh xylene for 10min, rehydrated
with a gradient of ethanol (100, 90, 80, and 70%), and
then washed three times with deionized double-filtered
distilled water. The sections were analyzed using hema-
toxylin-eosin staining and examined with a light micro-
scope digital camera (Nikon Instruments, Tokyo, Japan).

2.6 Statistical analysis

The data were presented as mean value ± SD and were
statistically compared for the determination of levels of
significance between the experimental rat groups by One-
Way ANOVA followed by Tukey’s post hoc analysis using
GraphPad Prism-8 (San Diego, CA, USA). The p < 0.05
was considered statistically significant.

3 Results

3.1 Effect of honey on blood glucose and
HbA1C levels during the onset of T1D

The effect of honey on the normalization of fasting blood
glucose levels on the rats during the onset of T1D was
evaluated. Fasting plasma glucose levels were analyzed
in all four experimental rat groups. The average fasting
plasma glucose levels (± SD) of 10 independent assays for
the group 1 rats (untreated rats), group 2 (STZ alone
treated rats or T1D rats group), and group 3 (honey + STZ
treated rats group or honey-treated T1D group) were found
to be 112.0 ± 18.2, 530.0 ± 19.2, and 349.1 ± 17.5mg/gL,
respectively (Figure 1a). The data clearly showed that
the treatment of honey during the onset of T1D significantly
reduces the fasting plasma glucose levels (p < 0.05).
Whereas the treatment of T1D rats with metformin
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(group 4) also showed a significant reduction of fasting
plasma glucose levels (p < 0.01) and was used as a posi-
tive control (Figure 1a). In the same way, the percent
HbA1c levels were analyzed in the same studied exp-
erimental rat groups. The average percent HbA1c levels
(±SD) of 10 independent assays for the control group,
T1D group, and honey-treated T1D group were found to
be 5.6 ± 0.9, 12.6 ± 1.2, and 8.4 ± 0.9mg/gL, respectively
(Figure 1b). The data showed that the administration of
honey during the onset of T1D significantly reduced the
precent HbA1c levels (p < 0.05), whereas metformin also
showed similar results and was used as a positive control
(Figure 1b).

3.2 Effect of honey on lipid profile during the
onset of T1D

The effect of honey on the lipid profile was analyzed in all
four experimental rat groups by estimating the plasma
levels of total cholesterol, LDL levels, VLDL levels, HDL
levels, and triglycerides (Figure 2). The average total
cholesterol levels (±SD) of 10 independent assays for the
control group, T1D group, honey-treated T1D group, and
metformin-treated T1D rats were found to be 132.4 ± 15.3,
308.2 ± 13.6, 193.1 ± 15.8, and 153.1 ± 10.5mg/gL, respec-
tively (Figure 2a). The data clearly showed that the treat-
ment of honey during the onset of T1D significantly
reduced the total cholesterol levels (p < 0.01). Whereas
the treatment of T1D rats with metformin also showed a

significant reduction in total cholesterol levels (p < 0.01)
and was used as a positive control of the experiments
(Figure 2a). Similarly, the levels of LDL were also reduced
by the treatment of honey or metformin during the onset
of T1D. The average LDL levels (±SD) of 10 independent
assays for the control group, T1D group, honey-treated T1D
group, and metformin-treated T1D group were found to be
72.4 ± 9.5, 203.2 ± 12.6, 124.0 ± 11.8 and 108.1 ± 10.5mg/gL,
respectively (Figure 2b). To determine the data in more
depth, the levels of VLDL were also analyzed and were
found to be significantly reduced in the rat group treated
with honey or metformin (Figure 2c). The average VLDL
levels (±SD) of 10 independent assays for the control
group, T1D group, honey-treated T1D group, and met-
formin-treated T1D group were found to be 45.3 ± 7.5,
89.2 ± 8.8, 52.7 ± 5.8, and 49.3 ± 5.3mg/gL, respectively
(Figure 2c). In contrast to these, HDL levels in all 4 experi-
mental groups showed inverse results. The average HDL
levels (±SD) of 10 independent assays for the control
group, T1D group, honey-treated T1D group, and met-
formin-treated T1D group were found to be 76.3 ± 9.5,
38.5 ± 10.7, 59.6 ± 8.4, and 70.5 ± 7.3mg/gL, respectively
(Figure 2d). The data showed that T1D induction reduced
HDL levels, whereas the treatment of rats with honey
or metformin significantly increased HDL levels in the
plasma of these experimental rats (p < 0.05). To further
validate these results, the plasma levels of triglycerides
were analyzed. The average triglycerides levels (±SD)
of 10 independent assays for the control group, T1D
group, honey-treated T1D group, and metformin-treated
T1D group were calculated to be 75.4 ± 9.6, 201.2 ± 12.7,

Figure 1: Effect of honey on T1D-induced diabetic markers in experimental animals. Fasting plasma glucose levels (a) and blood HbA1c levels
(b) in control and experimental rats. Data shown are mean value ± SD of 10 independent experimental groups. #p < 0.001 vs group 1 rats;
*p < 0.01 vs group 2 rats; @p < 0.001 vs group 2 rats. Abbreviations: T1D, type 1 diabetes; HbA1c, glycosylated hemoglobin A1c; STZ,
streptozotocin.
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107.7 ± 8.3, and 85.7 ± 7.4mg/gL, respectively (Figure 2e).
The data showed that T1D induction in experimental rats
significantly increased the levels of triglycerides (p < 0.001),
whereas the treatment of rats with honey or metformin
significantly decreased the levels of triglycerides during
the onset of this autoimmune diabetes (p < 0.01).

3.3 Effect of honey on T1D-induced
histopathological changes in kidneys
during the onset of T1D in
experimental rats

Hematoxylin-eosin histopathological examination showed
that the kidney sections of rats from control group 1
revealed no changes except vacuolation of endothelial
lining glomerular tuft (Figure 3a). Whereas the kidney
sections from group 2 diabetic rats revealed necrobiosis
of epithelial lining renal tubules, proteinaceous material
in the lumen of renal tubules, and distension of Bow-
man’s space with filtrate (Figure 3b). Interestingly, the
kidney sections obtained from the honey-treated group
3 rats showed vacuolation of endothelial lining glomer-
ular tuft (Figure 3c). Similarly, the group 4 rats treated
with metformin also showed vacuolation of epithelial
lining some renal tubules (Figure 3d).

3.4 Effect of honey on T1D-induced
histopathological changes in pancreatic
sections during the onset of T1D in
experimental rats

Pancreatic sections of rats from group 1 normal rats
revealed no histopathological changes (Figure 4a). On
the other hand, pancreatic sections from T1D rats of group
2 showed necrosis of cells of islets of Langerhans and
vacuolation of cells lining pancreatic acini (Figure 4b).
Importantly, the administration of honey to T1D rats of
group 3 showed no adverse histopathological modifica-
tions (Figure 4c), and metformin also normalized the
T1D-induced pancreatic histopathological alterations as
observed in group 4 rats (Figure 4d).

3.5 Effect of honey on T1D-induced
histopathological changes in corneal
eye sections during the onset of T1D in
experimental rats

Corneal sections from untreated rats revealed no histo-
pathological changes (Figure 5a). On the other hand, cor-
neal sections from the T1D group 2 rats revealed edema

Figure 2: Effect of honey on T1D-induced lipid profile in experimental animals. Total cholesterol levels (a), LDL levels (b), VLDL levels (c), HDL
levels (d), and triglyceride levels (e) in the plasma of control and experimental rats. Data shown are mean value ± SD of 10 independent
experimental groups. #p < 0.01 vs group 1 rats; *p < 0.05 vs group 2 rats. Abbreviations: T1D, type 1 diabetes; LDL, low-density lipoprotein-
cholesterol; VLDL, very low-density lipoprotein-cholesterol; HDL, high-density lipoprotein-cholesterol; STZ, streptozotocin.
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and inflammatory cells infiltration in the stroma and
vacuolation of the corneal epithelium (Figure 5b). Notably,
the administration of honey to T1D rats showed no
adverse histopathological modifications (Figure 5c), and
metformin also normalized the T1D-induced pancreatic
histopathological alterations (Figure 5d).

3.6 Effect of honey on T1D-induced
histopathological changes on eye
retinal sections during the onset of T1D
in experimental rats

Retinal sections of normal rats in group 1 revealed no
histopathological changes except slight vacuolation of
the ganglionic cell layer (Figure 6a), whereas the retinal
sections from T1D rats group 2 showed major vacuolation
of ganglionic cell layer (Figure 6b). Importantly, treatment

with honey to T1D rats normalized these histopathological
changes, except slight vacuolation of ganglionic cell
layers was noticed (Figure 6c), and metformin also
showed normalization of the T1D-induced retinal altera-
tions (Figure 6d).

4 Discussion

To the best of our knowledge, this is the first study that
shows that honey reduces the levels of blood glucose and
HbA1c and also improves the lipid profile during the
onset of autoimmune diabetes. Natural dietary products
and their bioactive ingredients are widely used as alter-
native medicines for the treatment of numerous human
disorders all over the globe [28–36], but studies are still
limited to proving their therapeutic efficacies. Similarly,
the health benefits of royal jelly have also been well
documented as it is widely used as a healthy food source

Figure 3: Hematoxylin-eosin examinations of kidney sections. (a) Kidney section of a rat from normal group (group 1) showing vacuolation of
endothelial lining glomerular tuft. (b) Kidney section of a rat from T1D group (group 2) showing necrobiosis of epithelial lining renal tubules,
proteinaceous material in the lumen of renal tubules, and distension of Bowman’s space with filtrate. (c) Kidney section of a rat from honey-
treated T1D group (group 3) showing vacuolation of endothelial lining glomerular tuft. (d) Kidney section of a rat frommetformin-treated T1D
group (group 4) showing vacuolation of epithelial lining some renal tubules. All kidney sections were processed through hematoxylin-eosin
histopathological examination (H&E ×400).
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Figure 4: Hematoxylin-eosin examinations of pancreatic sections. (a) Pancreatic section of a rat from normal group (group 1) showed no
histopathological changes. (b) Pancreatic section of a rat from T1D group (group 2) showed necrosis of cells of islets of Langerhans and
vacuolation of cells lining pancreatic acini. (c) Pancreatic section of a rat from honey-treated T1D group (group 3) showed no major
histopathological changes. (d) Pancreatic section of a rat from metformin-treated T1D group (group 4) showed no major histopathological
changes. All pancreatic sections were processed through hematoxylin-eosin histopathological examination (H&E ×400).

Figure 5: Hematoxylin-eosin examinations of eye corneal sections. (a) Corneal section of a rat from normal group (group 1) showed no
histopathological changes. (b) Corneal section of a rat from T1D group (group 2) showed edema, inflammatory cells infiltration in the
stroma, and vacuolation of corneal epithelium. (c) Corneal section of a rat from honey-treated T1D group (group 3) showed no major
histopathological changes. (d) Corneal section of a rat from metformin-treated T1D group (group 4) showed no major histopathological
changes. All corneal sections were processed through hematoxylin-eosin histopathological examination (H&E ×400).
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and currently being used in the manufacturing of several
commercial medical products, foods, and cosmetics all
over the world, but its role as a therapeutic agent is still
largely unknown [37–40]. Several published reports
showed that royal jelly contains numerous bioactive
components, including bioactive fatty acids, proteins,
and phenolic compounds. These are reported to have
antimicrobial activity, anti-inflammatory activity, anti-
oxidant activity, and it is also reported that they possess
cholesterol-reducing activity, vasodilative and hypotensive
activities, and activity against tumor formation [37–41].
In this study, we used royal jelly honey administration
to the rats during the onset of autoimmune diabetes.
This royal jelly honey was reported to contain a high
amount of fructose [38,42]. Previous studies have shown
that dietary fructose is easily absorbed in the gastroin-
testinal tract and reported to reduce the blood glucose in
patients with both type 1 and type 2 diabetes [42]. It is also
reported that fructose metabolism is largely independent
of insulin, and it is quickly removed by the liver, therefore
several investigators suggested that its ingestion does not
increase the blood sugar, due to these reasons it is widely

used as a sweetener by patients with diabetes all over the
world [42]. In the present study, the effect of royal jelly
honey on the normalization of fasting blood glucose levels
was tested on the rats developing T1D. Our data clearly
points out that the treatment with royal jelly honey during
the development of T1D significantly reduced the fasting
plasma glucose levels and blood HbA1c. Our findings
also showed that the treatment of rats with royal jelly
honey during the development of T1D also significantly
improved the lipid profile by reducing the blood levels of
total cholesterol, triglycerides, LDL, VLDL, and upregu-
lating the blood levels of HDL, clearly indicating the
potential role of royal jelly honey against the onset of
T1D. These novel findings are well supported by the pre-
vious studies performed on natural honey as it was also
found to have several health benefits against bacterial infec-
tion, oxidative stress, hepatotoxicity, hypertension, and also
reported to improve the reproductive system [43,44].

For the last two decades, it is clear that the onset of
T1D has also been associated with several secondary com-
plications such as nephropathy, retinopathy, and compli-
cations with pancreatic dysfunctions that considerably

Figure 6: Hematoxylin-eosin examinations of eye retinal sections. (a) Retinal section of a rat from normal group (group 1) showed slight
vacuolation of ganglionic cell layer. (b) Retinal section of a rat from T1D group (group 2) showed vacuolation of ganglionic cell layer.
(c) Retinal section of a rat from honey-treated T1D group (group 3) showed slight vacuolation of ganglionic cell layer. (d) Retinal section of a
rat from metformin-treated T1D group (group 4) showed no major histopathological changes. All retinal sections were processed through
hematoxylin-eosin histopathological examination (H&E ×400).
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increase global morbidity and mortality [45–47]. In this
regard, we further investigated the protective potential
of the royal jelly honey against the T1D-induced lesion
in the kidney, pancreas, cornea, and retina in experi-
mental rats during the development of T1D-induced sec-
ondary complications. Our histopathological examination
of kidney sections showed that T1D-induced lesions like
necrobiosis of epithelial lining on renal tubules, proteinac-
eousmaterial in the lumen of renal tubules, and distension
of Bowman’s space with filtrate have been significantly
healed upon treatment with royal jelly honey, indicating
that royal jelly honey provides the protection against
diabetic nephropathy. Similarly, our histological find-
ings on pancreatic sections showed that the treatment
of rats with royal jelly honey prevents T1D-induced
necrosis of islets of Langerhans and vacuolation of cells
lining pancreatic acini, clearly suggesting that royal
jelly honey also provides protection against the devel-
opment of pancreatitis. To study the effect of royal jelly
honey in more detail, the histopathological examination
of rat eye corneal sections and retinal sections were ana-
lyzed. Our novel findings revealed that treatment with
royal jelly honey inhibited the T1D-induced edema and
inflammation in the stroma and inhibited the T1D-induced
vacuolation of corneal epithelium. Similarly, the royal jelly
honey treatment also decreased the levels of major vacuo-
lation of ganglionic cell layers in the retina. These findings
point out that royal jelly honey also provides protection
against the onset of diabetic retinopathy. Taken together,
these novel findings not only suggested that the royal jelly
honey reduced the blood glucose or HbA1c levels but also
improved the lipid profile during the development of auto-
immune diabetes. Furthermore, it also provides protection
against the induction of diabetic-associated secondary
complications. This study has a few limitations. The first
and the obvious limitation was only one type of honey was
tested, and the study was conducted on a single breed of
rats. Therefore, we recommend other studies that will test
the other types of honey and will involve multiple breeds
of rats.

5 Conclusion

This is the first study to determine the protective potential
of royal jelly honey during the development of auto-
immune diabetes and its associated secondary complica-
tions in experimental animals. The novel findings showed
the potential of royal jelly honey in the prevention of the
onset of T1D by reducing the levels of blood sugar or

HbA1c and improving the lipid profile. Moreover, the
data also concluded that royal jelly honey also provides
protection against the development of diabetic nephro-
pathy, pancreatitis, and retinopathy.
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