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Abstract

Inflammatory bowel disease (IBD) is a systemic disease associated with oxidative stress and inflammation. Bee bread (perga,
fermented pollen) is an essential bee product used in apitherapy due to its antioxidant and anti-inflammatory effects. In this study,
determining the histological, hematological, and biochemical effects of bee bread was aimed on IBD in the dextran sodium sulfate
(DSS) induced colitis model in rats. A colitis model was established by gavage administration of DSS rats. Fifty-six rats were randomly
divided into 7 groups and the effects of low and high doses of bee bread were examined. Significant improvements in lymphocyte
count and erythrocyte parameters were detected. ALT and uric acid levels also normalized. In histopathological evaluation, low dose
bee bread significantly decreased intestinal damage. Bee bread may be a potential treatment agent in IBD patients. The nutrients

used can improve the systemic effects of the disease by regulating hematological and biochemical values.
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Abbreviations

IBD: Inflammatory Bowel Disease; UC: Ulcerative Colitis; CD: Crohn’s Disease; DSS: Dextran Sodium Sulfate; GGT: Gamma Glutamyl
Transpeptidase; LDH: Lactate Dehydrogenase; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; ALP: Alkaline Phos-
phatase; WBC: Hematological Parameters, Leukocyte Count; RBC: Erythrocyte Count; Hgb: Hemoglobin Concentration; HTC: Hematocrit
Ratio; MCV: Mean Erythrocyte Volume; MCH: Mean Erythrocyte Hemoglobin; MCHC: Mean Erythrocyte Hemoglobin Concentration; EOS:
Eosinophil Amount; LYM: Lymphocyte Amount; NEU: Neutrophil Amount

Introduction

Inflammatory bowel disease (IBD) is a systemic disease characterized by recurrent chronic intestinal inflammation. In IBD, the higher
frequency of the relatives of the patients indicates a strong genetic predisposition. Basically, IBD is divided into ulcerative colitis (UC)
and Crohn’s disease (CD). The etiology of IBD includes a complex interaction between genetic, environmental, or microbial factors and

immune responses [1-3].
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One of those directing the immune response in IBD is subtypes of T cells [4,5]. However, dendritic cells and macrophages are involved
in the immune response as well as T cells [6]. Cytokines released from immune cells control the inflammatory response. The imbalance
between pro-inflammatory and anti-inflammatory cytokines that occur in IBD prevents the resolution of inflammation. Thus, this imbal-

ance causes the disease to continue and tissue damage [7].

In IBD, the intestinal epithelium may deteriorate during tissue damage in the intestine. This epithelial tissue response regulates bar-
rier function, composition of the microbiota, and immune cells residing in the intestinal tissue. Therefore, abnormal signal transmission
between epithelium and immune cells may increase immune dysregulation in the disease. As a result, IBD can be triggered by defects in

the integrity of the epithelial barrier [8,9]. However, reactive oxygen species affect the epithelial barrier [10].

The pathophysiology of IBD is associated with reactive oxygen species [11]. Disruption of the balance between the production of reac-
tive oxygen species and their elimination leads to oxidative stress. This imbalance may result in chronic inflammation, as observed in IBD

[12]. Related to this, oxidative stress signaling in IBD is considered among potential therapeutic approaches [13].

Different drug classes such as amino salicylates, antibiotics, immunomodulators are used therapeutically. However, there is no cura-
tive therapy method for this disease [14]. Anti-inflammatory and antioxidant properties of bee pollens, which can be candidates in this
direction, have been revealed. Antioxidant activity of bee products suggests that it may be beneficial in diseases such as IBD in which the

oxidative balance is impaired [15,16].

Bee bread, an apitherapy product, is a product that results from the fermentation of a mixture of pollen, nectar and bee saliva interact-
ing with bacteria and yeasts [17]. The resulting product is a rich source of phenolic compounds associated with high antioxidant activity.
Studies have reported the antioxidant properties of bee bread [18-20]. However, the anti-inflammatory properties of bee bread are known
in studies [21,22]. The antioxidant and anti-inflammatory activity of bee bread is important in terms of the effectiveness of bee bread in

IBD disease, which is associated with inflammation and oxidative stress.

In this study, the chemical structure of the bee bread sample was analyzed. The effect of bee bread was aimed in the experimental
colitis model created in rats. Histopathological changes in the intestines of animals and liver enzymes and blood parameters were bio-

chemically analyzed.
Materials and Methods
Animals

8-week-old Wistar albino male rats (n =56, 280 - 350g) were used in the study. Rats were obtained from Erciyes University Experimen-
tal and Clinical Research Center (DEKAM). Experimental animals were kept at room temperature 21 + 1°C throughout the study. The rats
to be used in the experiment were exposed to a 12-hour light cycle and dark cycle. Rats were kept in cages in groups of four with unlimited
access to standard food. According to the experimental group, dextran sodium sulfate (DSS) was added, or they had unlimited access to
drinking water. Ethics committee approval required for the study was obtained from Erciyes University Animal Experiments Local Ethics
Committee (decision dated 15.11.2017 and numbered 17/114).

Chemicals

The DSS product Sigma-Aldrich (St Louis, MO, Sigma) was supplied in powder form. This chemical was dissolved in water and was
given with drinking water [23]. Lansoprazole was supplied from Lansor (30 mg). Bee bread was obtained from Erciyes University Tech-
nopark (Nutral Therapy R&D company). Bee bread was dissolved in water at doses of 50 mg/kg and 100 mg/kg and administered orally

via gavage. Ketamine and xylazine were used for anesthesia.
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Chemical analysis and bee bread samples

Bee bread was stored at -20°C until usage. Using the AOAC method, the moisture content of bee bread was gravimetrically determined
by drying it to constant weight at 105°C in a convection oven. Crude protein value was determined using Kjeldahl’s method [24]. A conver-
sion factor of 6.25 was used to convert the percentage of nitrogen to percentage of crude protein. The crude oil was extracted according to
the AOAC method using a Soxhlet apparatus and diethyl ether [25]. Crude fiber content of bee bread was analyzed according to the AOAC
method. Ash content of the samples was gravimetrically determined [24]. The total carbohydrate content was calculated according to the

expression: total carbohydrate = 100-(% moisture +% protein +% fat +% ash).

Aliquots of 1.5g bee bread sample was accurately weighted into a 100 mL flask. They were then dissolved in 10 ml ethanol (95%) by
agitation on a vortex mixer followed by ultrasonic assisted extraction in an ultrasonic cleaning bath for 60 minutes at 40°C. The mixture
was centrifuged at 2700g for 30 minutes at 40°C. The supernatant was collected in a pear-shaped flask. The extraction procedure was
repeated twice, and the supernatant extraction solutions were combined into a 25 ml volumetric flask. The volume was made up to the
mark with ethanol (95%). Prior to analysis, a portion of the supernatant was filtrated through a 0.45 yum membrane and diluted to the
appropriate concentration within the range of the calibration curves. The content of total phenolic compounds was performed according
to the Folin-Ciocalteu method proposed [26]. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay The DPPH assay was based on the 96-well plate
assay described by Herald,, et al. with some modifications [27].

Creating colitis model with a DSS

Colitis model Acute colitis model was created by giving 5% (weight/volume) DSS aqueous solution as drinking water in 5 days. The
chronic colitis model was obtained by applying 3% (weight/volume) DSS for the following 10 days. Wistar albino rats were not treated
as negative control group, but low dose bee bread applied control group (AEDD), high dose bee bread applied control group (AEYD) was
induced. Also, DSS induced colitis group (DSS), low dose bee bread after DSS induction randomly divided into 7 groups as treatment group
(DSS + AEDD) in total, treatment group (DSS + AEYD) where high dose bee bread was given after DSS induction and reflor group (positive
control) (DSS + Reflor) (n = 8 in each group). AEDD and AEYD groups were given 50 mg/kg and 100 mg/kg orally once a day for 2 weeks,
respectively. Colitis was induced by adding 5% DSS to the drinking water of the DSS group for one week and 3% for the following 2 weeks.
The DSS + AEDD and DSS + AEYD groups were given 50 mg/kg and 100 mg/kg bee bread orally once a day for 2 weeks after the induction

of colitis, respectively.

After completing the experimental protocol, rats were sacrificed under ketamine/xylazine anesthesia. Every effort has been made to
minimize the suffering of the animals. Blood and intestinal tissue samples were collected. The samples taken with the methods described

below were examined.
Histological analysis

Intestinal tissues were fixed with 10% formaldehyde solution to be used in histological examinations. After fixation, tissues were em-
bedded in paraffin by applying routine tissue follow-up steps. 5 - 6 um sections from paraffin blocks were taken on slides. The prepared
slides were then diluted with graded alcohol by removing the paraffin with xylene after the oven. Hematoxylin-eosin (H&E) staining was
applied to the sections taken [28]. Intestinal scoring was made by considering criteria such as villi shortening and thinning from 50 areas,
presence of necrotic cells and shortening of the mucosa. According to these criteria, 0: no damage, 1: little damage, 2: moderate damage,

and 3: severe damage. Examinations were carried out under a light microscope (Olimpus BX51).
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Collection and analysis of blood samples

Blood samples were collected from the animals only by the end of the 30 and 90 days of the study. The animals were fasted for 6h prior
to the collection of blood samples. Due to the risk of change in biochemical parameters, the animals were not administered general anes-
thesia prior to the taking of the samples. The animals were maintained under light ether anesthesia, performed just before the collection
of blood samples, and samples were slowly collected from each animal into tubes both with and without anticoagulants, by means of the
insertion of a cannula in the heart. Blood was taken from every seven animals in each group. Analyses for the parameters to be investi-

gated were performed on the same day, in blood samples collected into the tubes of both types.
Statistical analysis

SPSS 22 package program (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Results are expressed as mean * standard
deviation. A comparison was made between groups with the One-Way ANOVA test. Post-Hoc Tukey test was used for paired comparisons.

A value of p < 0.05 was considered statistically significant.
Results and Discussion
Chemical analysis of bee bread sample

According to the nutrient content of bee bread used in the study, the bread contains 18.8 g/100g dietary fiber, 8.14 g/100g ash and
408 kcal/100g energy. However, bee bread was found to contain 13.56 g/100g protein, 30.6 g/100 g carbohydrate, 21.69 g/100g fat. Total
phenolic content was determined as 43.44 (mg GAE/g) and antioxidant activity as 3.88 + 0.030 (mg TEAC/g). The nutritional elements

and bioactivity of bee bread are given in table 1.

Nutrients
Ash 8.14 g/100g
Protein 13.56 g/100g (Nx6.25)
Carbohydrate 30.60 g/100g
Dietary fiber 18.18 g/100g
0il 21.69 g/100g
Energy 408 kcal/100g
Total phenolic content 43.44 £ 0.78 (mg GAE/g)
Antioxidant activity (DPPH) 3.88 +0.030 (mg TEAC/g)

Table 1: The nutrient content of bee bread used in the study.

Hematological analysis

RBC values was found to be significantly lower in the DSS and DSS + AEDD groups (p < 0.05). When the groups were compared in terms
of Hgb, a significant difference was found (p < 0.05). The lowest Hgb level was observed in the DSS group. Bee bread improved the drop in
MCHC levels of the DSS-induced groups. As the MCV values of the groups were compared with the control group, a significant difference
was obtained (p < 0.05).

The MCV values of the bee bread groups were also higher than the DSS + Reflor group. A significant decrease was detected in the DSS
group in terms of MCH level (p < 0.05). When compared with the control group, all groups except the DSS group were found to have close
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MCH levels. MCHC level was significantly higher in AEYD and DSS + Reflor groups (p < 0.05). The lowest MCHC value was significantly ob-
served in the DSS group (p < 0.05). In addition, eosinophil levels were higher in all DSS groups. In the groups that DSS and bee bread were
given together (DSS + AEDD, DSS + AEYD and DSS + Reflor), this level was found significantly decrease (p < 0.05). The highest lymphocyte
level was measured in the AEYD group and the lowest in the DSS group. As these data were compared with the control group, a statisti-
cal difference was obtained between the experimental groups (p < 0.05). While no difference was found between the control and AEYD
groups in terms of neutrophil levels, the lowest neutrophil level was found in the DSS group (p < 0.05). There was no significant difference

in WBC and HTC levels. The results of the hematological analyzes obtained from the research are shown in table 2.

Groups Control DSS AEDD AEYD DSS+AEDD DSS+AEYD DSS+Reflor
WBC 9.66 + 3.80 11.42 +0.88 6.48 £ 2.10 691 +1.63 10.15+0.52 9.38 +1.63 9.93 +£5.49
RBC 9.40 + 0.37° 8.28 +0.322 9.10+0.67° | 9.18+0.28" | 8.33+0.12° 9.36+0.51° 9.16 + 0.25°
HGB 16.00 + 0.44* | 12.15+1.13* | 16.30+0.36" | 16.37 £+ 0.46* | 15.75+0.34"> | 16.23 +0.39* | 15.47 £+ 0.67°
HTC 51.37 +1.82 5397 +2.09 | 54.67+2.00 | 53.15+1.10 | 53.97+1.77 | 53.37+1.82 52.20+1.31
MCV 60.35+1.36° | 50.23+0.16* | 57.95 + 1.23% | 60.23 + 2.74¢ | 57.73 + 0.64% | 57.07 +1.72* | 55.60 + 2.43®
MCH 17.85+0.39* | 15.21+0.29° | 17.38+0.96" | 17.68 £ 0.52" | 17.33+0.29®> | 17.50+0.70* | 17.67 £ 0.06"
MCHC | 29.57+0,68° | 26.17 +0.14* | 28.80 + 0.51° | 30.53 + 0.68¢ | 30.03 + 0.21« | 30.67 £ 0.29¢ | 30.67 + 0.40¢
EOS 0.07 £ 0.06* 0.83 £ 0.74° 0.12+0.10° | 0.07+0.06* | 0.23+0.21®®> | 0.28+0.16% 0.62 + 0.59%
LYM 74.65 +5.39% | 56.77 +6.37* | 69.85+4.96° | 81.60 + 3.99¢ | 74.93 £ 5.10 | 75.35+ 7.10* | 69.63 + 2.29°
NEU 28.60 £ 2.14° | 18.53+0.95* | 20.63 + 6.75"® | 30.10 £4.89° | 20.43 £ 5.93% | 21.82 +6.71* | 16.00 * 3.36°

Table 2: Hematological analysis results obtained from the study.
Data are expressed as mean * standard deviation. P < 0.05 was considered significant. There is no significant difference between the groups

containing the same letter (a-d).

Anemia was discussed to be observed in colitis patients [30]. In our study, hemoglobin levels increased significantly after bee bread.
Bee bread statistically improved the MCV, MCH and MCHC values. In addition, high dose bee bread significantly increased the RBC param-
eter. In a clinical study, intravenous iron supplementation was given to UC patients in the first phase. In the second phase, erythropoietin
hormone was administered. Most of the patients responded to treatment in the first phase. In the second phase, effective treatment
response was obtained from patients that did not respond in the first phase [31]. In a clinical study conducted on patients with CH, eryth-
ropoietin was given along with intravenous iron. According to the study, a significant response was obtained with erythropoietin. The
measured hematological responses increase the quality of life. Most patients with CD-related anemia are said to respond to intravenous
iron alone. In addition, erythropoietin has been reported to have additional effects on hemoglobin concentrations [32]. Based on these
data, bee bread can be a potential treatment method that preserves tissue integrity in patients with CD accompanied by anemia. The
improvement of bee bread in anemia can positively affect the quality of life of colitis patients. In our colitis study, no significant difference
was found in WBC levels. Studies have found that the WBC levels of colitis patients generally increase [33]. The DSS-induced colitis model

in our study may cause a difference.

In our study, neutrophil levels were statistically decreased in the DSS model. In addition, bee bread significantly increased this pa-
rameter despite the decrease in the number of lymphocytes. In a study conducted in UC, the lymphocyte count of the patients decreased
while the neutrophil values increased [34]. UC clinical study was noted that neutrophil counts increased and the number of lymphocytes
decreased [35]. The use of the DSS model in our study may have a restrictive role on neutrophil count. Bee bread was predicted to con-

tribute for the regulation of the immune system by increasing the lymphocyte count.
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Biochemical analysis

ALP levels were significantly higher in DSS-induced groups (DSS, DSS + AEDD, DSS + AEYD and DSS + Reflor) compared to bee bread
and control groups (p < 0.05). The highest ALT levels were found in the DSS group. However, uric acid levels were found to be significantly
higher in DSS, DSS + AEDD and DSS + Reflor groups compared to other groups (p < 0.05). Group given high doses of bee bread (DSS +
AEYD) significantly decreased ALT and uric acid levels compared to the DSS group (p < 0.05). The results of the biochemical analysis ob-

tained from the study are shown in table 3.

Groups Control DSS AEDD AEYD DSS+AEDD DSS+AEYD DSS+Reflor
ALP 119.33 +21.30* | 162.33 £ 33.30% | 112.75 + 13.60? | 107.80 + 12.80% | 146.17 + 23.20° | 140.80 + 15.62" | 147.25 + 18.60"
ALT 145.70 + 13.30%%| 227.00 + 21.30¢ | 138.20 + 10.66° | 126.20 +5.74% | 182.14 + 15.80"| 149.00 + 18.30%* | 187.50 + 23.80"°
AST 58.50 + 7.03 78.25+11.20 54.00 +9.05 51.00 +8.12 59.67 + 6.05 59.40 + 8.30 69.40 + 7.02

Uric acid 0.28 £ 0.08* 0.48 + 0.09° 0.27 £ 0.04° 0.282 0.46 + 0.06° 0.36 + 0.06° 0.48 + 0.14°

Creatinine 1.07 £0.19 1.50 + 0.56 1.24+0.12 1.00 + 0.08 1.44 +0.34 1.10+0.31 1.50 £ 0.59

Table 3: Results of biochemical analysis obtained from the study.
Data are expressed as mean * standard deviation. P < 0.05 was considered significant. There is no significant difference between the groups
containing the same letter (a-c).

According to the results we obtained in our study, DSS increased ALT levels of rats while bee bread at high doses significantly decreased
ALT levels. In the DSS-induced colitis model, the effect of vitex, which is a flavonoid, on liver enzymes was investigated. In the animal mod-
el, AST and ALT increased due to DSS, and ALT levels decreased in the vitex extract groups [36]. In another DSS-mediated animal study,
the effects of Dendrobium officinale polysaccharides on the liver were investigated. In the study conducted, AST and ALT parameters
increased after DSS [37]. Accordingly, bee bread can be suggested to have a normalizing effect. This effect might be used therapeutically

for ALT disruptions in IBD patients and may contribute to systemic improvements.

In our study, uric acid levels significantly increased in the DSS-induced colitis group, while high-dose bee bread decreased the uric acid
level. In a retrospective study, uric acid increased in the serum of UC patients [31]. In another study conducted in IBD patients, serum uric
acid levels increased [32]. In the light of these data, bee bread can regulate uric acid metabolism in IBD. Reducing uric acid levels with bee

bread can be effective for reducing the activity of the disease.
Histological analysis

Only in the DSS group, shortening of the neck of the villi, necrosis of the surface epithelial cells, shortening of the mucosa layer and
shrinkage of the glands were observed. In relation to this, a significant amount of damage increased in the DSS group compared to the
control (p < 0.05) (Figure 1). A near control image was observed in AEDD, AEYD and DSS + Reflor groups. A significant reduction in dam-
age was found in the DSS + AEDD group compared to the control (p < 0.05). The histological analysis results obtained from the study are

expressed in table 4.

DSS
0.96 +0.88°

AEDD
0.16 £0.37*

AEYD
0.36 £ 0.66°

DSS+AEDD
0.30+0.53°

DSS+AEYD
0.56 + 0.77%

Control
0.13 £0.34

Groups RF p

0.20 £ 0.40®* | 0,001

Score

Table 4: Results of histological analysis obtained from the study.
Data are expressed as mean # standard deviation. P <0.05 was considered significant. There is no significant difference between the groups

containing the same letter (a-b).
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Figure 1: Intestinal tissue stained with hematoxylin and eosin. Control group (A) normal bowel structure is shown with asterisks and villi
with asterisks, DSS group (B) thinning of the villi in the intestine with arrows and asterisks showing shortening of the glands, PD group (C),
PY group (D), PY + DSS group (E), PD + DSS group (F), RF group (G). Images are magnified at X200 level.

Inflammation-related tissue damage occurs in IBD. Bee products are used to reduce this damage [38]. In our study, low dose bee bread
significantly reduced tissue damage in colitis. There are studies on the effect of propolis in bee products on colitis. In a study conducted
in Egypt, the effect of propolis in rats, created as a UC model, was examined. In the research, propolis regulates the macroscopic and
microscopic view. In the evaluation, the ulcerative index and lesion score decreased by bee product. In measurements, propolis has been
shown to reduce oxidative markers and inflammatory mediator molecules. However, propolis, one of the bee products, has been sug-
gested to be a powerful free radical scavenger [39]. The effects of propolis belonging to two countries were examined by causing colitis in
rats through DSS. Propolis has reduced colitis disease activity index. Resistance to DSS-induced colonic oxidative stress increased in the
groups given propolis. Bee product suppressed inflammatory markers. Based on this, propolis was considered to have a protective role in
DSS-induced colitis [40]. The effect of different doses of propolis was examined in rats with colitis. The 0.3% propolis resulted in a lower
disease activity index and an increase in colon length/weight ratio. A better distal colon tissue was observed in histological examination.
However, compared to the control group, the symptoms of colitis were significantly improved with bee product intervention. In the study,
propolis was assumed to attenuate DSS-induced colitis [41]. The effects of propolis were investigated in the colitis model created by giving
DSS. Bee product reduced the severity of colitis as assessed by body weight, spleen weight and colon length. Propolis caused a decrease
in inflammatory cytokines and infiltration of immune cells. In addition, loss of goblet cells and antibody reactivity to inflammatory mark-
ers decreased after bee product treatment [42]. In our study, the effect of propolis was similar to previous tries, another bee product,
on tissue damage in colitis can be attributed to the antioxidant and anti-inflammatory activity of both bee products. However, the use of
bee bread with propolis may contribute to the reduction of tissue damage and tissue improvement. Bee bread can positively influence
markers associated with inflammation. The fact that only low doses reduce tissue damage indicates that bee bread should be consumed

in accordance with the dose.
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Conclusion

IBH is a chronic inflammatory disease. Bee bread has anti-inflammatory and antioxidant properties. In this study, a colitis model was
established by gavage administration of DSS to rats. Histological, hematological, and biochemical effects of bee bread were analyzed on
IBD. Erythrocyte parameters and lymphocyte count were significantly improved. ALT and uric acid levels were also found to be nor-
malized. In histopathological evaluation, intestinal damage was significantly decreased with low dose bee bread. Bee bread might be a
potential therapeutic target for IBD patients. The nutrient can regulate hematological and biochemical values, improving the symptoms
of the disease. Bee bread may have a healing role in tissue damage of colitis. This healing can create a systemic effect by modulating liver

and blood parameters.
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