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ABSTRACT

Obesity is a major health problem threatening humanity in medical, social and psychological dimensions.

In this study, we aimed to determine the histological, immunohistochemical and biochemical effects of bee
bread, added to diets of obese rats in different doses, on leptin and ghrelin expression. In the study, 40
female Sprague—Dawley (200-250 g) rats were randomly divided into 5 equal groups and then assigned to
control and obesity groups. The obesity group consisted of four subgroups: high-fat diet group, 100 and 200
mg/kg/bw groups, and metformin group. Histopathological evaluation revealed structural deterioration and
necrotic areas in the epithelium and glands of the obese rats’ stomach tissue, while in their serum and gastric
tissues, the MDA level was significantly higher than in the other groups. There was a negative correlation
between leptin and ghrelin levels. Apoptotic cells increased with obesity, but the application of beebread was
similarly effective as metformin administration in reducing this increase (Tab. 5, Fig. 4, Ref. 51). Text in PDF
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Practical applications

Obesity is one of the most important health problems of the
modern age. Many of the methods developed to treat this health
problem are related to dietary substances. At this point, bee prod-
ucts are becoming increasingly important as a natural and healthy
diet option.

In the present study, histological, immunohistochemical and
biochemical effects of bee bread feeding on leptin and ghrelin ex-
pression in obese rats were evaluated. As a functional food with
rich nutrients and antioxidant activity, bee bread, has the potential
to be a support product in the cure of obesity.

Introduction

Although the prevalence of obesity differs in various countries
in recent years, the studies on obesity prevention have gained im-
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portance nowadays, because its prevalence is increasing all over the
world thus causing a significant economic loss. The most important
risk factors of obesity are physical activity, age, gender, habits,
education level, number of births and genetic factors (1). Many
hormones in the protein structure are responsible for controlling the
body weight. They act either directly or via the hypothalamus. In
recent years, the research on hormones affecting the weight gain or
weight loss, such as leptin and ghrelin, attracts interest (2). Leptin
and ghrelin are among the fasting/satiety hormones that regulate
body weight by affecting total caloric intake through fasting/sati-
ety mechanisms (3) Ghrelin/leptin concentrations are controlled
by “feedback” mechanisms through the “Y” neurons in the hypo-
thalamus, and the body weight is kept under control in this way
(4). The long-term high-fat diet (HFD) has been shown to cause
obesity (5, 6). Bee bread, is a fermented form of pollen collected by
the honey bee and stored in the honeycomb (7). Bee bread consists
of protein (around 20 %), lipids (3 %), carbohydrates (24—35 %),
and vitamins and minerals (3 %). It contains all essential amino
acids that the human body cannot biosynthesize, proteins C, B,
B2, E, H and P, sucrose, vitamins, pigments, hormones, enzymes,
carotenoids and flavonoids (8). The transformation of pollen into
bee bread and biochemical changes are a result of microbial ac-
tivity formed mainly by lactic acid fermentation, which is caused
by bacteria and yeasts. Bee bread contains a higher amount of re-
duced sugar, vitamin K and digestive enzymes of microorganisms
compared to pollen of the same plant (9). The fatty acid content
(10) and antibacterial (11) and antioxidant (12) properties of bee
bread have been proved by scientific studies.

Obesity can cause complications such as hypertension, dia-
betes and dyslipidemia. Therefore, it should be treated (13). Life-
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Tab. 1. Weight changes in animals after feeding with high-fat diet.

Groups Gl G2

G4 G5 p

Weight Change % 14.01+£3.27* 3149.63°

33.25+7.34°

27.65+2.26° 32.10£6.79° <0.05

*® Values with different symbols differ significantly.

Tab. 2. Nutritional elements of bee bread.

Nutritional elements Content
Ash 8.14 g/ 100g

Protein 13.56g/100g (N x 6.25)
Carbohydrate 30.60 g/ 100g
Dietary fiber 18.18 g/ 100g

Fat 21.69g/100 g
Energy 408 kcal / 100 g

style changes such as those associated with diet and exercise are
prominent in the cure of obesity. However, the traditional phar-
maceutical drugs are still considered the primary treatment option.
These drugs are very expensive and they lead to problems due to
their severe adverse toxicities associated with their long-term use
(14). Therefore, there is a need to discover safer weight manage-
ment alternatives that provide superior efficacy. It is thought that
the rich nutrient content and positive health effects of bee bread,
which is functional food, will have an important impact on obe-
sity. Therefore, our goal is to investigate the effects of bee bread
on leptin and ghrelin expression by immunohistochemical and
biochemical analyses in obese rats.

Materials and methods

Experimental design

Ethics committee approval for this study was received from
Erciyes University (Protocol no: 15/67). Sprague—Dawley adult
female rats obtained from Erciyes University were used in the
study. The water and nutrient requirements of the rats housed in
their cages were provided at 21 °C and in a light/dark environment
lasting 12 hours under normal day/night conditions. Forty female
rats weighing 200-250 g were planned to be randomized into 5
equal groups, but the rats were first assigned to control (n: 8) and
obesity groups (n: 32). The rats in the obesity group were fed a
diet with a high commercial fat content (high-fat diet composed
of fat (31.67 %), soybean oil (4 %), sucrose (8.85 %), casein (25
%), maltodextrin (16 %), cellulose (6.45 %), potassium (2.13 %),
calcium (2) 1.292 % vitamin, 1.292 % mineral and methionine %)
for 4 weeks, and their weights were measured and recorded on
a weekly basis. The rats in the control group were fed with stan-
dard rat feed during this period and their weights were recorded.
The rats with weight increase by 10-25 % compared to the con-
trol group were evaluated as obese (15) (Tab. 1). The obese rats
were grouped as follows. Two different doses of beebread (16),
or metformin (17) were given orally, while other rats continued
to be fed with high-fat content.

Group 1: Control group

Group 2: Obese rats fed with HFD

Group 3: Obese rats fed with beebread (100 mg/kg/day)

Group 4: Obese rats fed with beebread (200 mg/kg/day)

Group 5: Obese rats fed with metformin (300 mg/kg/day)

Metformin is an agent that improves insulin sensitivity; also,
it is well known to reduce body weight (18, 19). For this reason,
it will be used as positive control.

Lyophilized apilarnil purchased from Nutral Therapy Company
(Erciyes University Technopark, Kayseri) was used for experi-
ments. The nutrient content of the bee bread used in the research
is given in Table 2. Ash, protein, carbohydrate, dietary fiber and
energy content of bee bread were determined by the AOAC of-
ficial methods of analysis (20).

After completing the experimental protocol, the rats were sacri-
ficed under ketamine and xylazine anesthesia, and blood and tissue
samples were collected. Blood and tissue samples were examined
by methods described below.

Histological analysis

Stomach samples were fixed with 10 % formaldehyde for
histological analysis. After fixation, the tissues were embedded
in paraffin by applying the routine tissue follow-up steps. Then,
5-um sections of paraffin blocks were stained with hematoxylin—
eosin (H & E) and examined under Olympus BX51 microscope
to see general histological structure.

Immunohistochemical analysis

To investigate the differences in leptin and ghrelin expression
in stomach, immunohistochemical tissue labelling was performed
using the avidin-biotin-peroxidase method as described (21). Im-
ages obtained using a DP71 digital camera under the Olympus
BX51 model of light microscope were evaluated for differences
in expression with Image J software.

TUNEL assay

Using the fluorescein in situ cell death detection apoptosis
kit (Roche), the apoptotic cells were determined in the sections
obtained from the subjects. The TUNEL method was performed
using the avidin-biotin-peroxidase method as described (22). They
were visualized at 450-500 nm wavelength under the Olympus
BX51 fluorescence microscope. To calculate the apoptotic index,
the apoptotic cells were counted with Image J software in fifteen
different areas on images taken with 40X magnification from
each section.

Biochemical analysis

Serum and tissue samples from rats were used for biochemical
analysis. Catalase (CAT), superoxide dismutase (SOD), malondial-
dehyde (MDA), xanthine oxidase (XOD), ghrelin and leptin levels
were measured in serum and gastric tissues. The protocol in the
manufacturer’s kits was followed to determine the levels of rat CAT
(Sunred Bio, Cat. No: 201-11-5106), rat SOD (Sunred Bio, Cat.
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Fig. 2. Immunoreactivity values of ghrelin (A: Control, B: Group 2, C: Group 3, D: Group 4, E: Group 5) and leptin (F: Control, G: Group 2,
H: Group 3, I: Group 4; J: Group 5). Inmunoreactivity showed by yellow arrow.

No:201-11-0169), rat MDA (Sunred Bio, Cat. No: 201-11-0157),
rat XOD (Sunred Bio, Cat. No: 201-11-7522), rat LEP (Sunred Bio,
Cat. No: 201-11-0562) and rat ghrelin (Cat. No: #EZRGRT-91K)
Optical densities were read with the ELISA reader at 450 nm and
expressed as ng/ml for SOD, CAT, XOD and ghrelin, nmol/ml for
MDA, and pg/ml for LEP.

Statistical analysis

Statistical package for social science (SPSS Version 22) was
used for statistical analysis. Values are expressed as mean (stan-
dard deviation). The intergroup comparison was done using one-
way ANOVA test, and post hoc Tukey tests were used to carry out
paired comparisons. A p value of < 0.05 was considered statisti-
cally significant.

Results

Histological analysis

Gastric tissues from rats were examined under a light micro-
scope with hematoxylin and eosin staining. Epithelium and mucosal
glands of the control group were normal in structure. Figure 1 shows
the structural deterioration of the epithelium and glands, and necrotic
areas in the glands in the mucous layer of rats in the obesity group.
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Immunohistochemical analysis

Figure 2 shows the immunoreactive cells of the stomach tis-
sue staining with ghrelin and leptin, while Table 3 shows the mean
and standard deviation values obtained as a result of evaluating
the immunoreactivity of the fields between the groups. The im-
munoreactivity of ghrelin decreased significantly in Groups 2 to
5 as compared to Groupl (p < 0.05). The immunoreactivity of
leptin decreased significantly in Groups 2 to 5 as compared to the
control group (p < 0.05).

TUNEL assay

Table 4 and Figure 3 show the evaluation of apoptotic cells
in the stomach tissue by means of TUNEL method. It was ob-
served that apoptotic cells increased significantly in the obesity
group compared to control and other groups. However, the high-
est increase in the results of TUNEL assay was seen in Group 2
(obesity group).

Biochemical analysis

Biochemical analyses of antioxidant capacity of rats showed a
statistically significant increase in SOD and CAT activity in Groups
3,4 and 5 as compared to Group 2 (p < 0.05). The measurement
of MDA levels for lipid damage showed a significant increase in
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Tab. 3. Immunoreactivity values of ghrelin and leptin in stomach tissue.

Group G1 (Control) G2 G3 G4 G5 p
Ghrelin 88.53+2.61° 84.9241.92° 86.05+2.03" 85.84+2.94° 85.33+2.60° 0.001
Leptin 85.05+1.85* 89.02+1.84° 89.14+3.78" 87.82+2.78" 88.84+3.66" 0.001

Data are expressed as mean + standard deviation; p value of < 0.05 was considered statistically significant. There was no statistically significant difference between the
groups containing the same letter.

Tab. 4. Results of TUNEL assay in stomach tissue.

Group G1 (Control) G2 G3 G4 G5 P
TUNEL positive cell count 0.14+0.49* 1.02+1.05° 0.30+0.58* 0.20+0.57* 0.10+0.30* 0.001

Data are expressed as mean + standard deviation; p value of < 0.05 was considered statistically significant. There was no statistically significant difference between the
groups containing the same letter.
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Fig. 3. TUNEL assay results (A: Control, B: Group 2, C: Group 3, D: Group 4, E: Group 5).

Group 2 as compared to the control group (p < 0.05), but there  to be almost the same as that in the control group, but this decrease
was no significant increase when compared to the other groups.  was suppressed in Group 4 (200 mg/kg bee bread). The leptin level
XOD levels decreased in Group 2 as compared to the other groups, ~ was significantly increased in Groups 3, 4 and 5, and especially in
but this decrease was not significant (p > 0.05). Ghrelin levels de- ~ Group 2. In Group 5 (metformin) and Group 4 (200 mg / kg bee
creased significantly in Group 2 (obesity group) as compared to  bread) however, this increase was not statistically significant and
other groups. This value in Group 5 (metformin group) was found  was found to be lower than in the other groups (Tab. 5, Fig. 4).

Tab. 5. Leptin and ghrelin levels, and enzyme activities in stomach tissue.

Group G1 (Control) G2 G3 G4 G5 p

SOD 14.8741.48* 13.50+2.59° 18.57+0.86 21.87+£2.97° 19.15+2.47% 0,001
CAT 22.82+7.53¢ 34.26+£2.91° 38.64+6.59° 46.30+7.46° 38.39+£2.28 0.001
MDA 7.39+1.72: 11.30+1.23° 8.48+2.76% 8.83+1.97* 6.73+1.42 0.036
XOD 8.81+1.52¢ 7.10+1.952 9.234+2.54* 11.65+3.79° 8.12+1.792 0.162
Ghrelin 30.47+2.49° 11.98+13.06° 15.16+£9.57¢ 19.17+11.74* 30.57+1.59¢ 0.029
Leptin 166.04+47.89* 283.05+44.07° 280.97+27.73° 250.82+29.19° 248.63+7.74° 0.001

Data are expressed as mean + standard deviation; p value of < 0.05 was considered statistically significant. There was no statistically significant difference between the
groups containing the same letter.
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Fig. 4. Biochemical analyses. Data are expressed as mean + standard deviation; p value of < 0.05 was considered statistically significant. There
was no statistically significant difference between the groups containing the same letter.

Discussion

The studies on the effects of natural products on obesity are
increasing day by day. Among these natural products, bee products
are the leading ones. There are studies on the effects of bee products
on diabetes, obesity and related parameters. In one of these stud-
ies, Nna et al (23) identified anti-hyperglycemic, antioxidant, anti-
inflammatory and antiapoptotic activities of Malaysian propolis in
streptozotocin-induced diabetic rats. In another study on propolis,
evidence was demonstrated that Nigerian propolis had some hypo-
glycemic and hypolipidemic activities with an ability to improve
organ dysfunction due to oxidative stress, as well as that it contained
compounds that exhibited hypoglycemic, antihyperlipidemic and
HbAlc-reducing activities. In another study on bee pollen, Mo-
hamed etal (24) have aimed to evaluate the effects of the suspensions
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of bee pollen (BP) and/or date palm pollen (DPP) on the glycemic
status, testicular dysfunction, oxidative stress and antioxidant de-
fense system in streptozotocin (STZ)-induced diabetic male Wistar
rats. They found that STZ-induced diabetes significantly increased
blood glucose levels, malondialdehyde (MDA) and testicular nitric
oxide (NO) levels in parallel with impaired testicular and pancre-
atic histological structure and integrity. An application of BP and
DPP significantly improved all parameters compared to diabetic
control group.). Therefore, it has been reported that these products
could have anti-hyperglycemic effects considering their effects of
elevating blood insulin levels through antioxidant activity (24, 25).
There are also studies that determine the glycemic index of honey
samples with different botanical and geographic origin (26). How-
ever, there is no study on the effect of bee bread, functional food
that has yet to be researched, on obesity and related parameters.
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In this study, the effect of bee bread on obesity was evaluated
especially in terms of leptin and ghrelin hormones. The ghrelin
hormone stimulates eating and gastric motility. Therefore, it is
a hormone that is to be investigated in the fight against obesity.
Studies on this subject have shown that as the body mass index
increases, plasma ghrelin levels decrease (27). It has been claimed
that ghrelin, one of the peptides involved in appetite center, in-
creases appetite and causes obesity. Wren et al. (28) showed that
food intake increased when intravenous ghrelin was given to
healthy normal-weight adults. It is known that the levels of ghre-
lin, an appetite hormone, increase with hunger and decrease after
meals, especially when food with high glucose and fat content is
consumed (28). Tschop et al (29) found that ghrelin levels were
lower in obese adults than in healthy controls. Similarly, the in-
crease in ghrelin levels before and after food intake was found to be
lower in obese subjects compared to normal individuals, whereas
active ghrelin did not cause any change in obese individuals. It
has been reported that the effect of ghrelin on body weight prob-
ably occurs through insulin regulation and does not change with
fat mass (30). In this study, the ghrelin levels in obesity groups
decreased compared to the control group.

The ghrelin levels in 200 mg/kg bee bread and metformin
groups were found to be arithmetically close to the levels of the
control group, albeit not statistically significant. However, im-
munohistochemical and ELISA measurements of leptin levels
were significantly increased as compared with the control group.
The other hormone that we examined in our study, adipose tissue-
derived leptin, carries information about fat tissues in the brain,
reduces nutrient intake and prevents excess fat accumulation.
Ghrelin provides information to the brain to increase the nutrient
intake and fat tissue (31). Therefore, there is a metabolic antago-
nism between the functions of ghrelin and leptin in the body (32).
Ghrelin levels are often inversely related to adiposity (33). In the
study conducted by Zhang et al (34), they developed an obese rat
model induced by 4 and 8 weeks of diet during the development
of type 2 diabetes and evaluated the change in neuropeptide Y lev-
els in the hypothalamus and its correlation with leptin and ghrelin
hormones. As a result of the experiment, they showed that weight
gain in the 8-week diet group was lower than in the 4-week diet
group, and also that, in accordance with the literature (35), plasma
ghrelin concentrations decreased with increased body weight and
body fat in 4-week and 8-week diet groups (35). In our study, im-
munohistochemical and ELISA measurements of leptin and ghre-
lin levels were found to be inversely correlated with each other,
which is in accordance with the literature.

In this study, the evaluation of oxidative stress parameters
showed that SOD and CAT enzyme activities were statistically
higher in the other groups as compared to the obese group (p <
0.05). On the contrary, the MDA level increased significantly in
Group 2 (obesity group) as compared to the other groups (p <
0.05). XOD levels were also increased in Group 2 (obesity group)
as compared to the other groups, but this increase was not statis-
tically significant (p > 0.05). Many studies on obese patients in-
dicate that there is an increase in oxidative stress markers in the
body, and decrease in antioxidant defense enzymes, as well as that

obesity consequently causes inflammation and chronic oxidative
stress in the body (36).

Increased oxidative stress in obesity has also been proposed
as the main cause of tissue disorders and dysfunctions (endothe-
lial dysfunction, increased platelet aggregation, atherogenesis,
etc.) in these patients (37). Sa-nguanmoo et al (38). showed a sig-
nificant increase in body weight, visceral fat content, plasma total
cholesterol, LDL and insulin levels, obesity frequency and insu-
lin resistance, and also observed a significant increase in serum
MDA levels, decrease in plasma adiponectin levels, and increase
in TNF-a levels in rats fed with high-fat diet (HFV) as compared
to normal-diet fed rats (NDV). Bakour et al (12). used bee bread
at a dose of 500 mg/kg bw and 750 mg/kg bw in their study, when
investigating the protective effect and antioxidant activity of bee
bread containing pollen, honey and bee enzymes on aluminum-
induced hemato and hepatorenal toxicity in rats. They showed that
the administration of aluminum resulted in a significant increase
in the levels of blood urea, transaminase, and c-reactive protein,
as well as in the monocyte count and a significant decrease in
the hemoglobin level, but these changes improved significantly
with the use of bee bread. The antioxidant activity of bee bread
has been shown to have a significant protective effect against
aluminum-induced toxicity in rats (12). A Moroccan study has
demonstrated the antimicrobial activity of bee bread against E.
coli, Staphylococcus aureus, Bacillus cereus, and another study
have proven the antioxidant activity of water and ethanol extracts
of bee bread (13).

The mechanism of the action observed in this study may be
related to the antioxidant activity of bee bread. There are studies
showing that honey and bee products other than bee bread have an
antioxidant activity (39, 12). Indeed, Anarkooli et al (40) concluded
that treatment with insulin, honey and insulin-honey combination
in streptozotocin-induced diabetic rats may prevent neuronal cell
death in different hippocampal regions and that the antioxidant
activity of honey protected against neuronal cell death caused by
free radicals and ROS (40, 41).

In the light of published studies showing that obesity causes
apoptosis (42, 43), we aimed to determine whether there is a rela-
tionship between obesity and apoptosis rate, namely by assessing
the levels of apoptosis in the tissues by means of TUNEL method
and determining whether there was an improvement after the ad-
ministration of bee bread. The results were in accordance with
literature in showing that the rate of apoptosis increased in obesity
groups. While the rate of apoptosis in the metformin group was
comparable with that of the control group, it was found that there
was a decrease in the obesity-induced increase in the apoptotic
ratio in both bee bread groups. The effects in the 200 mg/kg/day
bee bread group were found to be comparable with those in the
control and metformin (positive control) groups. Increased epide-
miological results offer that metformin reduces the incidence and
severity of stroke. In addition, a clinical study showed that metfor-
min reduced oxidative stress by reducing the ROS production and
improving the antioxidant reserve (44). Anti-proliferative and anti-
apoptotic properties of metformin have also been demonstrated
in several studies (45). The neuroprotective effects of metformin
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have been confirmed in various disease models. Metformin has
been reported to have a protective effect against cerebral ischemia
by reducing oxidative stress (46).

Under physiological conditions, the small amount of ROS
produced via aerobic mechanisms is cleared by cellular defense
systems, but the increased oxidative stress can reduce or even
eliminate the activity of these defense systems. Besides, the admin-
istration of antioxidants enhances the cleansing of oxidative species
by inhibiting their formation and strengthening the endogenous
antioxidant defense system (47). It has been shown that ROS and
the resulting oxidative stress play a very important role in apopto-
sis, whereas antioxidants are known to inhibit or delay this process
(48). A study by Li et al (42), has shown that HFD causes obesity
and lipid metabolism disorder, and increases germ cell apoptosis
in rats by altering the morphological structure of the testis (42). It
has been shown that long-term HFD consumption leads to obesity,
as well as to cognitive impairment, metabolic disorder, increased
oxidative stress and cell apoptosis in the hippocampus (43). In a
study, in which honey was used among the bee products, Kilico-
glu et al (49) showed that honey decreases hepatic deterioration
and apoptosis due to oxidative stress in an experimental jaundice
model. Neamatallah et al (50), have shown that both manuka and
talc honeys limit apoptotic signals in an experimental model of
cisplatin-induced hepatotoxicity and nephrotoxicity in rats. Kis-
met et al (51) showed that propolis reduced hepatocyte apoptosis
in a TUNEL test.

Today, many aspects of nutritional activity, including pre-
vention of certain diseases and/or therapeutic purposes, are now
considered by human beings. Considering the current vogue of
natural life and diet, the place of bee products in this field is also
of importance. As a functional food, bee bread, which is one of
the bee products, has the potential to be a support product in the
cure of obesity with its rich nutrients and antioxidant activity.
There is a need for further studies on this subject and to clarify its
mechanisms of action.
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