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ABSTRACT
Aim: This study aimed to find out the impacts of a honeybee and Wheat Germ (WG) combination 
on blood glucose and cholesterol concentrations in diabetic rats when administered orally. 
Materials and Methods: Thirty-eight male Sprague Dawley rats were divided into normal (n=8) 
and diabetic (n=30). The second group was injected with streptozotocin (at a dose of 75 mg/
kg intraperitoneally), and those with blood glucose concentrations more than 250 mg/dL were 
classified as diabetic. Rats were divided into five groups, (1) non-diabetic group (n=8) received 
distilled water (2 mL/ day); (2) diabetic control group (n=8) received distilled water (2 mL/
day); (3) metformin diabetic group (n=7) received 2 mL of metformin drug solution (dose=100 
mg/kg/day); (4) honeybee diabetic group (n=8) received honeybee solution (dose=2 g/kg/
day); and (5) wheat germ diabetic group (n=7) received 2 mL of honeybee (95 g) mixed with 
wheat germ (5 g) solution (dose= 2 g/kg/day). After 28 days, blood was collected, and serum 
was extracted to determine glucose, HbA1c, and blood lipids. Results: The results showed that 
honeybee alone and mixed with wheat germ increased blood glucose significantly above 
350 mg/dL and HbA1c above 8.4%. Conversely, the administration of wheat germ caused a 
noteworthy decrease in total cholesterol, triglycerides, and LDL concentrations among rats with 
diabetes. Conclusion: Consuming honeybees alone and combined with wheat germ may lead 
to hyperglycemia. Conversely, consuming honeybees in combination with wheat germ may 
result in hypocholesterolemia. These results indicate that honeybee and wheat germ could be 
functional food for managing hyperlipidemia in diabetic patients.
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INTRODUCTION

The increasing prevalence of Diabetes Mellitus (DM) stands 
out as one of the foremost afflictions and pressing issues of the 
contemporary era. DM is a persistent metabolic disease described 
by insufficient insulin levels and abnormal insulin secretion.1 The 
prevalence of DM has experienced a notable escalation in recent 
years. As of 2019, it was projected that 9.3% (463 million) of the 
global population across all age cohorts had received a diagnosis 
of diabetes.2

Individuals who suffer from Type 1 DM (T1DM) and Type 2 
DM (T2DM) have been consistently observed to exhibit elevated 
rates of Cardiovascular disease (CV).3 Also, patients diagnosed 

with diabetes are at a significantly greater risk of evolving  
Atherosclerotic Cardiovascular Disease (ASCVD) than those 
without diabetes, with a four-fold increase in risk.4 Furthermore, 
this CV risk increases as glycemic control worsens. Patients 
diagnosed with T2DM can be classified as having a moderate 
Cardiovascular (CV) risk.5 Furthermore, it is noteworthy that 
over 33% of individuals with diabetes exhibit atherogenic  
dyslipidemia, thereby elevating their susceptibility to 
Atherosclerotic Cardiovascular Disease (ASCVD).6 However, 
the presence of dyslipidemia in individuals with T2DM is 
accompanying with a notable rise in the occurrence of ASCVD 
and coronary artery disease.7 To achieve a decline of 50% of 
the initial value, it is recommended that diabetic patients with 
coexisting lipid disorders lower their LDLc concentrations to 
below 70 mg/dL.8

The management of DM does not involve a panacea, so certain 
individuals with diabetes explore alternative and complementary 
therapies. (e.g., herbs, Chinese acupuncture, and functional 
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foods). Within the realm of nutrition, the term "Functional 
Foods" pertains to food items that offer supplementary health 
benefits beyond their fundamental nutritional content. This 
statement highlights the strong correlation between health and 
the bioactive compounds present in these particular food items.9

Triticum aestivum L., commonly called Wheat Germ (WG), 
belongs to the Gramineae family and is recognized as the largest 
cereal-grass crop edible worldwide. The kernel of this crop is 
widely consumed as a staple food. Most wheat kernels classified 
as whole-grain consist of around 80% endosperm, 15% bran, and 
5% germ.10

Wheat germ, scientifically known as Triticum aestivum L., is 
a residual substance obtained during wheat milling. The oil 
possesses a notable abundance of bioactive constituents, such as 
tocopherols, phytosterols, and policosanols, which are known to 
confer health benefits.11 Numerous academic researchers have 
established the medicinal properties of WG and its oil, including 
antihyperglycemic and antioxidant benefits.11,12 Chadha et al. 
(2015)13 conducted a study that revealed that administering 
wheat germ oil to hyperlipidemic rabbits significantly reduced 
total serum cholesterol by over 90% and LDLc by over 95%, 
VLDLc by 53%, and triglycerides by up to 44%. Hassan 
and El Shafie (2022)14 conducted a study that revealed that 
administering WG-supplemented chocolate to children with 
Down Syndrome (DS) caused a noteworthy reduction in blood 
total cholesterol, triglycerides, and LDLc. Another study carried 
out on pre-menstrual syndrome in women, revealed that the 
consumption of WG resulted in a significant decline in both 
physical and psychological symptoms and an overall decrease in 
the score.15 While observing the study groups, it was observed 
that the severity of symptoms reduced in all groups. However, the 
group that was administered wheat germ extract exhibited a more 
notable decrease.

Several researches have indicated that honeybee has the ability to 
improve hyperglycemia and reduce oxidative damage associated 
with diabetes mellitus.16,17 Additionally, honeybee has been 
reported to possess hepatoprotective properties by decreasing 
hepatic transaminases.18 Limited research has been conducted 
to evaluate the impact of honeybee on glycated hemoglobin  
(HbA1c), with findings indicating that honeybee consumption is 
associated with an increase in HbA1c concentrations.19-21 Previous 
research has indicated that co-administrating honeybee and 
anti-diabetic medications can enhance antioxidant properties 
and regulate blood glucose concentrations.22,23 Furthermore, 
honeybee has been suggested to have potential benefits in 
managing diabetes mellitus by regulating blood glucose 
concentrations and mitigating the development of different 
metabolic disorders. In folk medicine, honeybees have been used 
to treat a range of ailments.24

The principal objective of this study was to find out the  
effectiveness of giving an oral mixture of wheat germ and 
honeybee (H-Wg) in reducing blood glucose, blood lipids, and 
histological alterations associated with STZ-induced T1DM in 
rats. The second study objective was to evaluate and compare 
the effects of wheat germ and honeybee combinations versus 
metformin on glycemia and lipidemia biochemical markers. 

Hypothesis

H0: The mixture made of wheat germ and honeybee  does not 
decrease blood glucose and blood lipids.

HA: The mixture made of wheat germ and honeybee decreases 
blood glucose and blood lipids.

MATERIALS AND METHODS

Rats

Fifty-eight male Sprague Dawley rats (n=58) weighing 150-170 
g were obtained from Egypt's Ministry of Health's Animal Unit 
at Helwan Farm. For two weeks, the rats were kept in individual 
plastic cages under controlled environments, with a temperature 
of 22°C and a 12 hr light/dark cycle at the Faculty of Home 
Economics, Menoufia University, Egypt. Rats have unrestricted 
access to food and water. All experiments followed the National 
Institute of Health’s Guiding Principles for Animal Care and 
Use. Rats were weighed after two weeks of acclimatization and 
randomly allocated to one of two groups: diabetic (50 rats) or 
normal (8 rats).

Induction of Diabetes (T1DM)

After two weeks of acclimatization of rats, type 1 diabetes mellitus 
was induced by intraperitoneal injections of Streptozotocin  
(STZ) as described previously.25 The rats were injected with 
a dose of 75 mg/kg intraperitoneally of Streptozotocin (STZ) 
(Sigma-Aldrich, St. Louis, MO, USA). Following this, all rats 
fasted for 8 hr, and then blood samples were taken from the 
retro-orbital veins to determine blood glucose concentrations. The 
study included diabetic rats with blood glucose concentrations 
more than 250 mg/dL. Following the exclusion of rats with blood 
glucose concentrations below 250 mg/dL and deceased rats, 30 
rats were included in the study and subsequently developed 
diabetes. In addition, diabetic rats were given 2 IU of human 
insulin (Glargine, Lantus) subcutaneously every week to keep 
them alive throughout the trial. To avoid spontaneous diabetes, 
blood glucose concentrations were also measured in the normal 
group.

Experimental Design

The study included all normal (8 rats) and diabetic (30 rats). 
In addition to the experimental procedure, all rats involved in 
this investigation were fed the standard diet. The proposed 
interventions were orally administered once per day. The weights 
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of the rats were also recorded, and diabetic rats have divided 
into experimental groups accordingly. The following were the 
experimental groups:

1- The non-diabetic group (ND-Gr) consisted of eight normal 
rats that received a daily 2 mL of distilled water orally per rat 
once daily.

2- The diabetic control group (DC-Gr) consisted of eight diabetic 
rats that received a daily 2 mL of distilled water orally per rat once 
daily

3- The metformin diabetic group (Mt-Gr), consisting of seven 
rats, received a daily oral 2 mL of metformin drug solution at a 
dose of 75 mg/kg body weight.

4- Honeybee diabetic group He-Gr; (8 rats) were orally treated 
once daily with 2 mL fruit honeybee solution (dose=2 g/kg body 
weight)

5- Honeybee mixed with wheat germ diabetic group HWg-Gr (7 
rats) were orally treated once daily with 2 mL of honeybee (95 g) 
mixed with wheat germ (5 g) solution (dose= 2 g/kg body weight).

Diets

The animals were fed a standardized diet that contained 2850.0 
kcal/kg. The diet was composed of 64.0% carbohydrates, 20.0% 
crude protein, 4.0% crude fat, 3.5% crude fiber, 6.0% ash, 0.50% 
salt, 1.0% calcium, 0.60% phosphorous, 20.0 IU/g Vitamin A, 2.20 
IU/g Vitamin D, 70.0 IU/kg vitamin E, and trace elements such 
as cobalt, iodine, manganese, iron, copper, zinc, and selenium. 
The experimental procedures adhered to the guidelines outlined 
in the National Institute of Health Guide for the Care and Use of 
Laboratory Animals.

Preparation of Honeybee Solutions and Metformin

Honeybees -fruit variety- (Apis mellifera) (H-Be) were obtained 
from local markets in Egypt. At the same time, Bob's Red Mill 
Company, USA, provided one bag (12 ounces) of roasted Wheat 
Germ (WG) natural raw grain (uncooked) (via Amazon).

The honeybee and wheat germ mixture (H-Wg) was made by 
mixing 5 g of wheat germ with 95 g of honeybee (ratio 95:5), 
which was then dissolved in distilled water (1:1). The total daily 
dose of the wheat germ was 50 mg/rat.

In addition, 1000 mg of metformin hydrochloride (CID, 
Company, Cairo, Egypt) was dissolved in distilled water (ratio 
20mg/1 mL). Distilled water served as the vehicle treatment.

Determination of Chemical Compounds

The levels of Hydroxy Methyl Furfural (HMF), protein, and fat 
present in both honeybee and H-Wg samples were analyzed 
using the protocols established by the harmonized methods of 
the International Honey Commission and the Association of 
Official Analytical Chemists.26,27

The quantification of total phenols was conducted by means 
of colorimetry using the Folin-Ciocalteu reagent, following 
the methodology given by Singleton and Rossi in 1965.28 The 
aluminum chloride colorimetric method, originally described by 
Ranganna in 1986, was used to determine the total quantity of 
flavonoids.29

Blood Sampling and Laboratory Analysis

After completing the intervention period spanning 28 days, 
blood samples were obtained from all rat groups following an 8 
hr fasting period. The rats were euthanized under the influence 
of ether anesthesia. The hepatic portal vein was utilized to obtain 
blood samples, which were subsequently collected into tubes 
and subjected to immediate centrifugation at 3000 rpm for  10 
min to facilitate serum separation. The serum was subjected 
to a precise aspiration process, followed by transfer into 
uncontaminated tubes, and subsequently preserved in a frozen 
state at a temperature of -20°C, in preparation for analysis. Except 
for  glucose, which was promptly assessed in serum, all serum 
specimens were examined to ascertain HbA1c, total cholesterol, 
triglycerides, HDLc, LDLc, and VLDLc.

Histopathological Examination

The pancreas and kidney specimens were isolated and submerged 
in a 10% neutral buffered formalin solution for 24 hr. Paraffin 
sections with a thickness of six micrometers were prepared and 
subsequently underwent staining with Hematoxylin and Eosin 
(H&E). The samples were then examined using light microscopy 
after 24 hr. The histopathological analysis was conducted at the 
histology laboratory in the Faculty of Veterinary Medicine, Cairo 
University, Egypt.

Statistical Analysis

The obtained data underwent statistical analysis and were 
presented in terms of the mean and Standard Deviation (±SD). 
The present study employed the statistical techniques of Analysis 
of Variance (ANOVA) and Least Significant Differences (LSD) 
to specify the degree of significance differences between various 
groups, with a confidence interval of 95%.

Ethical Approval

This experiment were ethically approved by the Scientific 
Research Ethics Committee (SREC), Faculty of Home Economics, 
Menoufia University, Egypt (08- SREC-07-2021).

RESULTS

Data presented in Table 1 indicates that the Hydroxy Methyl 
Furfural (HMF) concentration in honeybee and its blends were 
minimal, suggesting that the honeybees utilized in the research 
were fresh.
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Wheat germ increases honeybees' water and protein content. 
Moreover, the honeybee wheat germ mixture exhibits a higher 
sucrose content of 24.6% compared to other samples. In contrast, 
when compared to the wheat germ and honeybee’s mixture, 
the honeybees exhibited a higher concentration of fructose 
(37.5% compared to 17.3%) and glucose (29.5% compared to 
16.4%).Regarding minerals and trace elements, the wheat germ 
and honeybee’s mixture caused a substantial increase in their ash 
content (0.42 g/100 g vs. 0.09 g/100 g). Adding wheat germ to 
honeybees elevated sodium, potassium, phosphorus, calcium, 
and magnesium levels.The inclusion of wheat germ resulted in 
a three-fold increase in the total phenolic content of the mixture 
concerning its active compounds (41.90 mg/100 g vs. 13.93 
mg/100 g). Concurrently, the augmentation of overall flavonoid 
content in wheat germ-honeybee mixture exceeded 12-fold 
compared to honeybee alone (21.3 mg/100 g vs. 1.69 mg/100 g).

Table 2 illustrates no statistically significant variations in the 
initial body weight across all groups, ranging from 194.0±5.6 g 
of Mt-Gr to 198.9±6.7 g of HWg-Gr. On the contrary, the final 
body weight of rats administered with wheat germ was higher 
than other groups examined. According to the data, there are 
statistically significant differences (p 0.05) between the groups 
exposed to wheat germ and honeybee’s mixture and the diabetic 
control group. The HWg-Gr group exhibited a significantly 

(p<0.05) higher weight gain (60.7±12.2 g/28 days) than the 
negative and diabetic control groups (50.3±1.2 and 47.0±15.1 
g/28 days, respectively).

The data shown in Table 3 demonstrate that the blood glucose 
concentration of the rats in the negative control group was 
measured to be 104.9±9.4 mg/dL. In contrast, all of the rats in the 
experimental group displayed readings that surpassed 250 mg/dL. 
When comparing the diabetic control group to the experimental 
groups, it was shown that the consumption of honeybee and 
honeybee mixed with wheat germ did not lead to a significant 
drop in blood glucose levels (358.1±18.4 and 373.0±21.9 mg/dL, 
compared to 369.1±12.9 mg/dL, respectively, at p>0.05). During 
the interim period, as compared to the normal and metformin 
groups, the diabetic control group and the rats fed with either 
honeybee or honeybee mixed with wheat germ exhibited the 
highest concentrations of HbA1c (7.7±0.8, 8.7±1.1, and 8.4±0.9%, 
respectively, at a significance level of p<0.05). In contrast, 
metformin administration significantly reduced (p<0.05) blood 
glucose concentrations and HbA1c levels.

According to Table 3, the total cholesterol concentrations of rats 
administered with wheat germ and honeybee’s mixture were 
comparable to those of normal rats, with values of 80.4±7.3 
and 76.0±8.8 mg/dL, respectively. Rats given only honeybees, 
metformin-treated rats, and wheat germ + honeybees showed a 

Parameter Honeybee H-Wg
HMF (mg/100g) 0.42 0.185
Water (g/100g) 28.8 37.1
Protein (g/100g) 0.07 2.8
Fats (g/100g) 0.0 0.02
Sucrose (g/100g) 2.7 24.6
Fructose (g/100g) 37.5 17.3
Glucose (g/100g) 29.5 16.4
Ash (g/100g) 0.09 0.42
Sodium (mg/100g) 33.7 69.0
Potassium (mg/100g) 75.1 108.7
Iron (mg/100g) 0.23 0.29
Phosphor (mg/100g) 1.04 61.4
Calcium (mg/100g) 7.0 6.4
Zinc (mg/100g) 0.08 0.22
Chromium (mg/100g) 0.095 0.054
Cupper (mg/100g) 0.118 0.056
Manganese (mg/100g) 0.077 0.860
Magnesium (mg/100g) 0.27 15.84
Total Phenols (mg/100g) 13.93 41.90
Total Flavonoids (mg/100g) 1.69 21.30

Table 1:  HMF, protein, fat, water, sugars, minerals, total phenols, and total flavonoids contents (per 100 g) of honeybee, the mixture of honeybee plus 
wheat germ (H-Wg).
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ND-Gr
(n=8)

D-Gr
(n=8)

Mt-Gr
(n=7)

He-Gr
(n=8)

HWg-Gr
(n=7)

ANOVA- value

Initial body 
weight (g)

195.8±11.2a 196.5±7.2a 194.0±5.6a 195.3±2.4a 198.9±6.7a 0.437 (p=0.781)

Final body 
weight (g)

246.0±11.8ab 243.5±21.6b 245.0±6.8ab 248.0±9.8ab 259.6±18.5a 1.362 (p=0.268)

Weight gain 
(g/28 day)

50.3±1.2a 47.0±15.1a 51.0±1.7ab 52.8±7.9ab 60.7±12.2b 2.141 (p=0.098)

ND-Gr: negative control group; D-Gr: diabetic control group; Mt-Gr: Metformin diabetic group; He-Gr: honeybee diabetic group; and HWg-Gr: honeybee mixed with 
wheat germ diabetic group. Mean values subscribed with different letters in the same row show significant differences between those values as calculated statistically by 
ANOVA and LSD. * p<0.05, ** p<0.01, and *** p<0.001

Table 2:  Effect of honeybee mixed with wheat germ (Wg) on body weight indices compared to rats treated with metformin (Mt-Gr) and normal 
control rats (ND-Gr) after 28 days of intervention in STZ-induced diabetic rats.

ND-Gr (n= 8) D-Gr (n=8) Mt-Gr (n=7) He-Gr (n=8) HWg-Gr (n=7) ANOVA-value
Glucose, 
baseline (mg/
dL)

104.9±9.4a 250.0±0.0b 250.0±0b 250.0±0b 250.0±0.0b 1784.8(p=0.000)

Glucose, final 
(mg/dL)

128.6±13.2a 369.1±12.9b 129.6±7.2a 358.1±18.4b 373.0±21.9b 532.2(p=0.000)

HBA1c (%) 4.8±0.2a 7.7±0.8b 4.7±0.9a 8.7±1.1c 8.4±0.9bc 39.8(p=0.000)
TC (mg/dL) 76.0±8.8 a 97.4±12.0 b 88.3±14.0 ab 91.3±14.6 bc 80.4±7.3 ac 2.869(p=0.046)
TG (mg/dL) 67.5±12.6 a 115.4±9.0 b 65.3±10.8 a 71.8±8.1 a 63.6±19.7 a 15.6(p=0.000)
HDL (mg/dL ) 41.3±6.3 a 40.0±2.2 a 39.2±2.5 a 38.5±10.6 a 42.0±3.7 a 0.319(p=0.862)
LDL (mg/dL ) 21.2±5.9 a 34.3±11.1 b 36.1±11.2 b 38.5±8.7 b 25.7±5.9 a 4.03(p=0.013)
VLDL (mg/dL ) 13.4±2.5 a 23.2±1.9 b 13.1±2.2 a 14.4±1.4 a 12.7±3.9 a 16.6(p=0.000)

ND-Gr: negative control group; D-Gr: diabetic control group; Mt-Gr: Metformin diabetic group; He-Gr: honeybee diabetic group; and HWg-Gr: honeybee mixed with 
wheat germ diabetic group. Mean values subscribed with different letters in the same row show significant differences between those values as calculated statistically by 
ANOVA and LSD. * p<0.05, ** p<0.01, and *** p<0.001

Table 3:  Effect of honeybee mixed with wheat germ (Wg) on fasting blood glucose (mg/dL) and HbA1c (%), total cholesterol (TC) (mg/dL), triglycerides 
(TG) (mg/dL), HDL (mg/dL), LDL (mg/dL), and VLDL (mg/dL) in STZ-induced diabetic rats after 28 days of intervention, as compared to those of 

metformin-treated (M-T) and normal control rats (ND-G).

Histopathological lesion ND-Gr (n= 8) D-Gr (n=8) Mt-Gr (n=7) He-Gr (n=8) HWg-Gr (n=7)
Kidneys

Necrobiosis of renal tubular epithelium. - ++ - + -
Vacuolation of renal tubules. - ++ + + +
Vacuolation of endothelial lining 
glomerular tuft.

- ++ - + +

Proteinaceous material in the lumen of 
renal tubules.

- +++ - - -

Pancreas
Congestion of pancreatic blood vessels. - + - + -
Necrosis of Langerhans’s islets cells. - ++ - - -
Vacuolation of Langerhans' islets' cells. - + - - -
vacuolation of acinar epithelium. - ++ - - +

(-) no change, (+) mild change, (++) moderate change, (+++) severe change.

Table 4:  Histopathological impacts of a combination of honeybee and wheat germ (Wg) on the kidneys and pancreas of STZ-induced diabetic rats 
after 28 days of treatment, in comparison to metformin-treated (M-T) and normal control rats (ND-G).
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considerable and highly significant reduction in total cholesterol 
concentrations compared to the diabetic control group.

Compared to the diabetic control group, diabetic rats fed wheat 
germ and honeybees mixture exhibited the lowest concentrations 
of blood triglycerides. Nevertheless, the rats subjected to wheat 
germ and honeybee’s mixture and those undergoing metformin 
treatments demonstrated the lowest triglyceride concentrations.

Moreover, the administration of wheat germ and honeybee’s 
mixture increased HDL concentrations, but there were no 
significant differences. The wheat germ and honeybee’s mixture 
consumption exhibited the most significant effect on LDL 
concentrations in diabetic rats. The diabetic group that ingested 
wheat germ demonstrated the lowest LDL value among all the 
diabetic groups examined, and the outcomes were significant at 
p<0.05. 

Table 4 shows that the group of rats with diabetes exhibited a 
moderate level of necrobiosis in the renal tubular epithelium and 
vacuolation in both the renal tubules and endothelial lining of the 
glomerular tuft in the kidneys. Concurrently, they experienced a 
significant accumulation of proteinaceous substances within the 
luminal space of the renal tubules.

In contrast, the honeybee group exhibited slight alterations, while 
the metformin and wheat germ groups demonstrated modest 
modifications. Regarding the pancreas, the histopathological 
analysis indicated moderate necrosis of the islets of Langerhans 
cells and moderate vacuolation of acinar epithelium in the 
diabetic control group. However, the administration of honeybee 
alone or in combination did not result in any significant or mild 
changes in the pancreatic tissues.

DISCUSSION

The concentration of HMF in the honeybee used in this study 
and its blends were minimal. However, the concentration of HMF 
present in honeybee serves as an indicator of its freshness. It can 
be affected by various factors such as storage duration, storage 
conditions, and thermal treatment. Elevated levels of HMF in 
honeybee can be attributed to adulteration, overheating, or 
prolonged storage.30

Adding wheat germ increases honeybees' water content slightly; 
however, honeybees containing a substantial amount of water 
are prone to fermentation, leading to a limited shelf life and an 
unpalatable taste, as noted by Bogdanov (2009).27

The results showed that when compared to the wheat germ 
and honeybee mixture, honeybees alone exhibited a higher 
concentration of fructose and glucose. It is well known that 
fructose does not exhibit any effect on the concentrations of blood 
glucose. in individuals with T2DM; in contrast, researches have 
revealed that it induces a minor increase in postprandial blood 

glucose concentrations among T1DM patients.31,32 Moreover, 
as the blood glucose concentration increases, so does glucose 
concentration.33 Nevertheless, multiple research studies have 
confirmed the elevated nutritional value of wheat germ.34,35

The results indicate that the consumption of wheat germ resulted 
in an enhancement of the body weight status. The rat group that 
consumed wheat germ significantly gained more body weight 
than the negative and diabetic control group (p<0.05).

In accordance with our research, Liu et al. (2022)36 reported 
that the body weight of rats that were administered wheat germ 
was greater than the corresponding value of the control group 
(p<0.05). Meanwhile, Chadha et al. (2015)13 conducted an animal 
study on rabbits that did not yield any statistically significant 
alterations in body weights after administering wheat germ. 

The results showed that feeding honeybee and honeybee mixed 
with wheat germ significantly raised blood glucose and HbA1c 
concentrations above baseline values. By contrast, metformin 
administration produced a significant decline in both blood 
glucose concentrations and HbA1c.

These results indicate that honeybees had no impact on 
glycemic control, leading to a notable elevation in blood glucose 
concentrations. The present study's results are consistent with 
Ahmed et al. (2022),21 who reported that feeding honeybees 
exacerbate blood glucose concentrations in STZ rats significantly. 
Al Aamri and Ali (2017)37 conducted a study that revealed 
that the consumption of honeybee did not significantly impact 
body weight, glucose concentrations, or insulin concentrations. 
Abdul Sani and his colleagues (2014)38 found that combining 
honeybee and ginger did not significantly impact blood glucose 
concentrations in STZ mice. The current study's results are 
in opposition to the findings of previous studies carried by 
Erejuwa et al. (2011),22 Erejuwa et al. (2012),18 and Nasrolahi et 
al. (2012),23 which found that the administration of honeybee 
alone or in conjunction with metformin resulted in enhanced 
glycemic control. The dissimilarities noted between the current 
and those studies may be due  to the type of honeybee utilized. 
Two distinct types of honeybee were utilized in the respective 
studies: Ilam honeybee and Malaysian honey. In contrast, the 
present investigation utilized the fruit variant of Egyptian honey.

While previous research has suggested that wheat germ and its 
oil may possess antihyperglycemic properties, as demonstrated 
in studies conducted by Singh et al. (2012),39 Ghafoor et al. 
(2017),11 and Liu et al. (2011),12 the present study has found that 
the combination of honeybee and wheat germ had no effect on 
glycemic control and rats fed them had higher glucose levels 
when compared with negative control and metformin groups.

The findings of our study emphasized that wheat germ mixed 
with honeybee may benefit cholesterol and blood lipids in 
diabetic rats, demonstrating its potential as a functional food 
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for managing hyperlipidemia in individuals with diabetes and 
concurrent hypercholesterolemia.

The findings demonstrate a high level of consistency with 
the outcomes of Liu et al. (2022)36 study, which revealed that 
administering wheat germ to hyperlipidemic rats for 28 days 
resulted in a significant decrease (p<0.05) in the concentrations 
of total cholesterol and LDLc in the serum. The researchers 
concluded that wheat germ has the potential to reduce 
cholesterol absorption in the intestine and subsequently reduce 
its concentrations in the serum.

A study conducted by Rezq and Mahmoud (2011)40 to 
investigate the effects of wheat germ intake on rabbits with 
hypercholesterolemia. The results indicated a significant 
reduction in serum cholesterol concentrations, aligning with 
a separate experiment's findings where the experimental rats 
were fed a diet containing an additional 15% wheat germ. The 
experimental results indicate that the lipid profile of the rats 
exhibited a notable decrease, leading to a subsequent reduction 
in the occurrence of atherosclerosis.

Another research conducted by Park et al. (2015)41 discovered 
that using wheat germ in treatment effectively prevented lipid 
accumulation in 3T3-L1 adipocytes. The findings suggest that 
this treatment may alleviate hypercholesterolemia.

Furthermore, a comparative study evaluated the impact of wheat 
germ oil and Atorvastatin medication, revealing that wheat germ 
oil exhibits protective effects against elevated lipid markers.42 
Additionally, the biologically active phytosterols present in wheat 
germ are crucial for reducing cholesterol absorption.43

Vitamin E is a prevalent lipid-soluble antioxidant, and wheat 
germ oil is a rich source of tocopherols, particularly Vitamin E. 
Antioxidants are possible antiatherogenic agents since they can 
reduce LDL oxidation and plaque formation, and antioxidant 
supplementation of the diet is thought to benefit the illness.44 
The potential anti-atherosclerotic impact of alpha-tocopherol in 
diet-induced hypercholesterolemic rabbits, as demonstrated by 
Schwenke et al. (2002),45 suggests a possible connection between 
the hypocholesterolemic effect of wheat germ and its antioxidant 
properties.

CONCLUSION

The objective of this study was to evaluate the impact of a 
combination of honeybee and wheat germ on the levels of 
blood glucose and cholesterol in rats afflicted with diabetes. 
Streptozotocin was administered to induce diabetes in rats. Rats 
were deemed diabetic if their blood glucose levels exceeded 
250 mg/dL. A wheat germ and honeybee mixture was orally 
administered to rats with diabetes, and its efficacy was compared 
to that of the drug metformin. The findings of this study suggest 
that wheat germ may positively impact body weight status, 

as evidenced by the observed increase in body weight among 
rats that were administered wheat germ. The administration 
of honeybee and honeybee mixed with wheat germ increased 
significantly the concentrations of blood glucose and HbA1c 
above the normal and baseline values, inducing a state of 
hyperglycemia. The total cholesterol concentrations observed 
in rats administered with wheat germ were in the normal range 
and comparable to those of the control group and the results 
obtained from the experimental group were found to be similar 
to those of the control group. The study suggests that wheat germ 
administration can reduce cholesterol and blood lipids in diabetic 
rats. This finding indicates that wheat germ could be a functional 
food for managing hyperlipidemia in individuals with diabetes 
and comorbid hypercholesterolemia.

ACKNOWLEDGEMENT

We would like to appreciate the Animal Lab staff at Menoufia 
University's Faculty of Home Economics for their support and 
assistance. Also, we appreciate the assistance of everyone who 
contributed to this investigation.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ABBREVIATIONS

WG: Wheat Germ; DM: Diabetes Mellitus; CV: Cardiovascular 
Diseases; ASCVD: Atherosclerotic Cardiovascular Disease; 
T1DM: Type 1 Diabetes Mellitus; T2DM: Type 2 Diabetes 
Mellitus; DS: Down Syndrome; STZ: Streptozotocin; HMF: 
Hydroxy Methyl Furfural; ANOVA: Analysis of Variance; LSD: 
Least Significant Differences; SREC: Scientific Research Ethics 
Committee.

REFERENCES
1. Zeind CS, Carvalho MG, Cheng JW, Zaiken K, LaPointe T. Applied therapeutics: the 

clinical use of drugs. Lippincott Williams and Wilkins; 2023.
2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and 

regional diabetes prevalence estimates for 2019 and projections for 2030 and 
2045: results from the International Diabetes Federation Diabetes Atlas, 9th edition. 
Diabetes Res Clin Pract. 2019;157:107843. doi: 10.1016/j.diabres.2019.107843, PMID 
31518657.

3. Rosengren A, Dikaiou P. Cardiovascular outcomes in type 1 and type 2 diabetes. 
Diabetologia. 2023;66(3):425-37. doi: 10.1007/s00125-022-05857-5, PMID 36640192, 
PMCID PMC9840171.

4. Dal Canto E, Ceriello A, Rydén L, Ferrini M, Hansen TB, Schnell O, et al. Diabetes as a 
cardiovascular risk factor: an overview of global trends of macro and micro vascular 
complications. Eur J Prev Cardiol. 2019; 26(2_suppl):25-32. doi: 10.1177/204748731 
9878371, PMID 31722562.

5. Visseren FL, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M. B, et al. Eur J Prev 
Cardiol, 29(1). 2022; 2021 ESC Guidelines on cardiovascular disease prevention in 
clinical practice: Developed by the Task Force for cardiovascular disease prevention 
in clinical practice with representatives of the European Society of Cardiology and 
12 medical societies with the special contribution of the European Association of 
Preventive Cardiology (EAPC):5-115.

6. Plana N, Ibarretxe D, Cabré A, Ruiz E, Masana L. Prevalence of atherogenic 
dyslipidemia in primary care patients at moderate-very high risk of cardiovascular 
disease. Cardiovascular risk perception. Clin Investig Arterioscler. 2014;26(6):274-84. 
doi: 10.1016/j.arteri.2014.04.002, PMID 24931442.

7. Kaze AD, Santhanam P, Musani SK, Ahima R, Echouffo‐Tcheugui JB. Metabolic 
dyslipidemia and cardiovascular outcomes in type 2 diabetes mellitus: findings from 



Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024 219

Tahoon, et al.: Hypolipidemic Properties of Honeybee-Wheat Germ Mixture

the look AHEAD study. J Am Heart Assoc. 2021;10(7):e016947. doi: 10.1161/JAHA.12 
0.016947, PMID 33728932.

8. Banach M, Burchardt P, Chlebus K, Dobrowolski P, Dudek D, Dyrbuś K, et al. PoLA/
CFPiP/PCS/PSLD/PSD/PSH guidelines on diagnosis and therapy of lipid disorders in 
Poland 2021. Arch Med Sci. 2021;17(6):1447-547. doi: 10.5114/aoms/141941, PMID 
34900032.

9. Nahas R, Moher M. Complementary and alternative medicine for the treatment of 
type 2 diabetes. Can Fam Physician. 2009;55(6):591-6. PMID 19509199.

10. Slavin J. Whole grains and human health. Nutr Res Rev. 2004;17(1):99-110. doi: 10.10 
79/NRR200374, PMID 19079919.

11. Ghafoor K, Özcan MM, AL‐Juhaımı F, Babıker EE, Sarker ZI, Ahmed IAM, et al. 
Nutritional composition, extraction, and utilization of wheat germ oil: a review. Eur J 
Lipid Sci Technol. 2017;119(7):1600160. doi: 10.1002/ejlt.201600160.

12. Liu L, Deseo MA, Morris C, Winter KM, Leach DN. Investigation of α-glucosidase 
inhibitory activity of wheat bran and germ. Food Chem. 2011;126(2):553-61. doi: 10. 
1016/j.foodchem.2010.11.041.

13. Rashi C, Heera R, Ashok P. Hypolipidemic effect of wheat germ oil in cholesterol fed 
Rabbits. Med. Drug Res. 2015.

14. Hassan SM, El Shafie AM. What effect does chocolate containing wheat germ 
have on children with Down syndrome’s blood lipids and intelligence quotient? A 
randomized clinical trial. J Appl Nut Sci. 2022;1(3):93-110. doi: 10.18576/jans/010302.

15. Ataollahi M, Akbari SA, Mojab F, Alavi Majd HA. The effect of wheat germ extract 
on premenstrual syndrome symptoms. Iran J Pharm Res. 2015;14(1):159-66. PMID 
25561922.

16. Beretta G, Orioli M, Facino RM. Antioxidant and radical scavenging activity of honey 
in endothelial cell cultures (EA.hy926). Planta Med. 2007;73(11):1182-9. doi: 10.1055/ 
s-2007-981598, PMID 17823875.

17. Erejuwa OO, Sulaiman SA, Wahab MS, Sirajudeen KN, Salleh MS, Gurtu S. 
Antioxidant protection of Malaysian tualang honey in pancreas of normal and 
streptozotocin-induced diabetic rats. Endocrinol. 2010;71(4):291-6). doi: 10.1016/j.
ando.2010.03.003, PMID 20398890.

18. Erejuwa OO, Sulaiman SA, Ab Wahab MS. Honey: a novel antioxidant. Molecules. 
2012;17(4):4400-23. doi: 10.3390/molecules17044400, PMID 22499188.

19. Bahrami M, Ataie-Jafari A, Hosseini S, Foruzanfar MH, Rahmani M, Pajouhi M. Effects 
of natural honey consumption in diabetic patients: an 8-week randomized clinical 
trial. Int J Food Sci Nutr. 2009;60(7):618-26. doi: 10.3109/09637480801990389, PMID 
19817641.

20. Al Nohair SF, Ahmed SS, Ismail MS, El Maadawy AA, Albatanony MA, Rasheed Z. 
Potential of honey against the onset of autoimmune diabetes and its associated 
nephropathy, pancreatitis, and retinopathy in type 1 diabetic animal model. Open 
Life Sci. 2022;17(1):351-61. doi: 10.1515/biol-2022-0039, PMID 35480484.

21. Ahmed SS, Al Nohair SF, Abdulmonem WA, Alhomaidan HT, Rasheed N, Ismail 
MS, et al. Honey polyphenolic fraction inhibits cyclooxygenase-2 expression via 
upregulation of microRNA-26a-5p expression in pancreatic islets. Eur J Inflamm. 
2022;20:20587392221076473. doi: 10.1177/20587392221076473.

22. Erejuwa OO, Sulaiman SA, Wahab MS, Sirajudeen KN, Salleh MS, Gurtu S. 
Glibenclamide or metformin combined with honey improves glycemic control in 
streptozotocin-induced diabetic rats. Int J Biol Sci. 2011;7(2):244-52. doi: 10.7150/ij 
bs.7.244, PMID 21448302.

23. Nasrolahi O, Heidari R, Rahmani F, Farokhi F. Effect of natural honey from Ilam and 
metformin for improving glycemic control in streptozotocin-induced diabetic rats. 
Avicenna J Phytomed. 2012;2(4):212-21. PMID 25050251.

24. Bobiş O, Dezmirean DS, Moise AR. Honey and diabetes: the importance of natural 
simple sugars in diet for preventing and treating different type of diabetes. Oxid Med 
Cell Longev. 2018; 2018:4757893. doi: 10.1155/2018/4757893, PMID 29507651.

25. Ismail MS, Abuzaid OI, El-Ashmawy IM. Effect of aqueous extract of tops of 
date palm leaves on blood glucose of diabetic rats. Pak J Pharm Sci. 2017; 
30(5(Supplementary)):20317-2037. PMID 29105640.

26. Bogdanov S. Harmonised methods of the international IHC. Bee Prod. Sci. 
2009;5(1):1-62.

27. AOAC. Official methods of analysis. 15th ed. Arlington, VA: Association of Official 
Analytical Chemists: AOAC; 1990.

28. Singleton VL, Rossi JA. Colorimetry of total phenolics with 
phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic. 1965;16(3):144-58. 
doi: 10.5344/ajev.1965.16.3.144.

29. Ranganna S. Handbook of analysis and quality control for fruit and vegetable 
products. Tata: McGraw-Hill Education; 1986.

30. Castro-Vázquez L, Díaz-Maroto MC, González-Viñas MA, De La Fuente E, Pérez-Coello 
MS. Influence of storage conditions on chemical composition and sensory properties 
of citrus honey. J Agric Food Chem. 2008;56(6):1999-2006. doi: 10.1021/jf072227k 
, PMID 18303839.

31. Noronha JC, Braunstein CR, Glenn AJ, Khan TA, Viguiliouk E, Noseworthy R, et al. The 
effect of small doses of fructose and allulose on postprandial glucose metabolism in 
type 2 diabetes: A double‐blind, randomized, controlled, acute feeding, equivalence 
trial. Diabetes Obes Metab. 2018;20(10):2361-70. doi: 10.1111/dom.13374, PMID 
29797503.

32. dos Santos Lima É, Souto DL, Rodacki M, Pereira JRD, Zajdenverg L, Rosado EL. 
Metabolic and appetite effects of fructose and glucose in subjects with type 1 diabetes: 
a randomized crossover clinical trial. Curr Diabetes Rev. 2021;17(6):e113020188536. 
doi: 10.2174/1573399816666201201092334, PMID 33261542.

33. Holesh JE, Aslam S, Martin A. Physiology, carbohydrates. StatPearls. 2017.
34. Hadijafari M, Morovvati H. Effect of Wheat Sporout extract on changes in ovarian sex 

hormones in rat exposed to lead. Iran Vet J. 2019;15:102-10.
35. Thakur M, Nanda V. Composition and functionality of bee pollen: a review. Trends 

Food Sci Technol. 2020;98:82-106. doi: 10.1016/j.tifs.2020.02.001.
36. Liu C, Sun Y, Yang L, Chen Y, Ji R, Wang H, et al. The hypolipidemic and antioxidant 

activity of wheat germ and wheat germ protein in high-fat diet-induced rats. 
Molecules. 2022;27(7):2260. doi: 10.3390/molecules27072260, PMID 35408659.

37. Al Aamri ZM, Ali BH. Does honey have any salutary effect against 
streptozotocin-induced diabetes in rats? J Diabetes Metab Disord. 2017;16:4. doi: 10 
.1186/s40200-016-0278-y, PMID 28127544.

38. Sani NF, Belani LK, Sin CP, Rahman SN, Das S, Chi TZ et al. Effect of the combination 
of gelam honey and ginger on oxidative stress and metabolic profile in 
streptozotocin-induced diabetic Sprague-Dawley rats. BioMed Res Int. 2014; 
2014:160695. doi: 10.1155/2014/160695, PMID 24822178.

39. Singh N, Verma P, Pandey BR. Therapeutic potential of organic Triticum aestivum 
Linn.(Wheat Grass) in prevention and treatment of chronic diseases: An overview. Int 
J Pharm Sci Drug Res. 2012;4(1):10-4.

40. Rezq AA, Mahmoud MY. Preventive effect of wheat germ on hypercholesteremic and 
atherosclerosis in rats fed cholesterol-containing diet. Pak J Nutr. 2011;10(5):424-32. 
doi: 10.3923/pjn.2011.424.432.

41. Park E, Kim HO, Kim GN, Song JH. Anti-oxidant and anti-adipogenic effects of ethanol 
extracts from wheat germ and wheat germ fermented with Aspergillus oryzae. Prev 
Nutr Food Sci. 2015;20(1):29-37. doi: 10.3746/pnf.2015.20.1.29, PMID 25866747.

42. Royer DJ, George JN, Terrell DR. Thrombocytopenia as an adverse effect of 
complementary and alternative medicines, herbal remedies, nutritional 
supplements, foods, and beverages. Eur J Haematol. 2010;84(5):421-9. doi: 10.1111/j 
.1600-0609.2010.01415.x, PMID 20525061.

43. Ostlund Jr RE, Racette SB, Stenson WF. Inhibition of cholesterol absorption by 
phytosterol-replete wheat germ compared with phytosterol-depleted wheat germ. 
Am J Clin Nutr. 2003;77(6):1385-9. doi: 10.1093/ajcn/77.6.1385, PMID 12791614.

44. Steinberg D, Witztum JL. Is the oxidative modification hypothesis relevant to human 
atherosclerosis? Do the antioxidant trials conducted to date refute the hypothesis? 
Circulation. 2002;105(17):2107-11. doi: 10.1161/01.cir.0000014762.06201.06, PMID 
11980692.

45. Schwenke DC, Rudel LL, Sorci-Thomas MG, Thomas MJ. α-Tocopherol protects 
against diet induced atherosclerosis in New Zealand white rabbits. J Lipid Res. 
2002;43(11):1927-38. doi: 10.1194/jlr.m200261-jlr200, PMID 12401892.

Cite this article: Ismail MS, Tahoon NA, Eid RA, Mahgoub SA. The Hyperglycemic and Anti-hyperlipidemic Properties of Honeybee Mixed with Wheat Germ in 
Streptozotocin-induced Diabetes in Rats. Indian J of Pharmaceutical Education and Research. 2024;58(1):212-9.


