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Abstract: Aim of the work: The present study was carried out to evaluate the role of bee honey and bee venom 
(BV) separately or in combination in ameliorating promotion of colon carcinogenesis induced by 1,2 
dimethylhydrazine (DMH) in albino rats. Materials and methods: Rats were subcutaneously injected by DMH (20 
mg/kg b. wt.) once a week for 15 weeks. DMH-treated animals received either oral administration of bee honey (500 
mg/kg b. wt.) or intraperitoneal injection of BV (3 mg/kg b. wt.) or both together every other day along the period of 
DMH- treatment. At the end of 15th week treatment, blood samples and colon tissues were taken for biochemical 
analysis of lipid peroxide, glutathione peroxidase (GPx), alakaline phosphatase (ALP), carcinoemberyonic antigen 
(CEA) and alpha fetoprotein (AFP); and also for histopathological and immunohistochemical investigations. 
Results: The results showed an increase in the levels of lipid peroxide, ALP, CEA and AFP and a decrease of GPx 
level in DMH-treated rats as compared to control, while honey and BV treatments modulated the DMH-induced 
changes of these parameters. Moreover, they showed remarkable reduction in dysplasia, inflammatory cells 
infiltration and loss of acinar patterns of colon glands and abnormalities of P53 expression which were clearly 
observed in DMH-treated group. Conclusion: Findings of the present study indicate significant roles for reactive 
oxygen species (ROS) in pathogenesis of DMH-induced colon toxicity and initiation of colon cancer. Also, it 
suggested that honey, BV or the combination of both have a positive beneficial effect against DMH induced colonic 
cancer in rats. Honey and BV inhibit oxidative stress and enhance antioxidant status suggesting a growing 
application of these natural compounds as an alternative medicine treatment of colon tumor.  
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1. Introduction 

Colon cancer is a pathological consequence of 
oxidative stress leading to DNA damage and 
mutations in cancer-related genes, a cycle of cell death 
and regeneration, where overproduction of reactive 
oxygen species (ROS) and reactive nitrogen species is 
linked [1]. Oxidative stress is a state that happens once 
the balance between the productions of reactive 
oxygen species (ROS) overcomes the endogenous 
antioxidant defense system and inflammation is a 
complex biological response of tissues to pathogens 
and damaged cells [2]. The development of colon 
cancer is a complex pathological process and involves 
in multiple steps and stages with changes from normal 
crypt foci to aberrant crypt foci (ACF), adenomas 
formation, expansion, and eventual development to 
colon cancer [3]. 

1,2 dimethylhydrazine (DMH), is a potent colon 
carcinogen, inducing colorectal tumors in 
experimental animals and is the most widely used 
model of chemically induced colon carcinogenesis 
[4,5]. DMH induced colon cancer is a process 
involving a series of pathological alterations, such as 

oxidative stress, inflammation, formation of ACF and 
tumor promotion [6].  

Recently, a lot of studies reported that many 
natural products inhibit tumor cell growth and 
metastasis and induce apoptosis suggesting a growing 
application of these natural compounds as an 
alternative medicine treatment of human tumors [7]. 
Honey has been used since long time in human 
tradition particularly in medical and nutritional 
application [8]. It is composed of various sugars, 
flavonoids, phenolic acids, amino acids, enzymes, 
proteins and miscellaneous compounds [9]. BV, like 
many other complementary medicines, has also been 
used for thousands of years for the treatment of a 
range of diseases [10]. There are at least 18 active 
components within the venom which have some 
pharmaceutical properties. Among these compounds, 
melittin, a small linear peptide consisting of 26 amino 
acids, is the major potent toxin of BV, which 
comprises ~50% of BV [11]. To examine the anti-
cancer effects of honey and BV, this study was 
performed to investigate the modulation of oxidative 
stress and colon carcinogenesis induced by DMH in 
albino rats.  
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2. Materials and methods 
Experimental Animals: 

Forty eight adult male Sprague Dawely white 
albino rats Rattusnorvegicus with average weight 120 
- 150 g were used. The rats were obtained from the 
Animal House of the Faculty of Agriculture, Minia 
University, Minia, Egypt. All animals were housed in 
well aerated and isolated polypropylene cages under 
good hygienic laboratory conditions. Rats were 
provided commercial rodent diet containing all the 
necessary nutritive elements. Food and water were 
available throughout the experiment. Animals were 
housed at 25 ± 2 °C under a 12-h light/dark cycle. 
Materials: 

1,2dimethylhydrazine (DMH) used for induction 
of colon cancer, was purchased from Sigma Chemical 
Company, Egypt. DMH was dissolved in 1mM EDTA 
just prior to use and the pH was adjusted to 6.5 with 
sodium bicarbonate to ensure the stability of the 
chemical. DMH was injected in rats subcutaneously, 
in a dose of 20 mg/kg once a week for 15 weeks [12]. 
Honey (moisture 60%) was purchased from GHADA 
Company, Borgalarb, Alexandria, Egypt. Sterile 
distilled water was used to dilute honey instantly 
before administration by a stomach tube. Honey was 
orally administered to rats in a final concentration of 
500 mg/kgb. wt. [13] every other day for 15 weeks. 
Lyophilized whole bee venom was purchased from 
GHADA Company, Borgalarb, Alexandria, Egypt. It 
was prepared as a solution insterile distilled water. BV 
was injected intraperitoneally at dose of 3mg/kgb. wt. 
[14] every other day for 15 weeks. 
Experimental Design: 

The rats were divided into eight groups (n=6 in 
each group) as follows: 

Group 1 (control group): rats were fed on 
balanced diet during the experimental period.  

Group 2 (honey treated group): rats were 
administrated orally with honey (500 mg / kg b. wt.) 
every other day for 15 weeks. 

Group 3 (BV treated group): rats were injected 
intraperitoneally with BV (3 mg / kg b. wt.) every 
other day for 15 weeks.  

Group 4 (honey and BV treated group): rats 
were treated with orally administration of honey (500 
mg / kg b. wt.) and intraperitoneally injection of BV (3 
mg / kg b. wt.) every other day for 15 weeks. 

Group 5 (DMH treated group): rats were 
injected subcutaneously with DMH (20 mg / kg b. wt.) 
once a week for 15 weeks. 

Group 6 (DMH + honey treated group): rats 
were treated with subcutaneously injection of DMH 
(20 mg / kg b. wt. once a week) and orally 
administration of honey (500 mg / kg b. wt. every 
other day) for 15 weeks.  

Group 7 (DMH + BV treated group): rats were 
treated with subcutaneously injection of DMH (20 mg 
/ kg b. wt. once a week) and intraperitoneally injection 
of BV (3 mg / kg b. wt. every other day) for 15 weeks. 

Group 8 (DMH + honey and BV treated group): 
rats were treated with subcutaneously injection of 
DMH (20 mg / kg b. wt. once a week), orally 
administration of honey (500 mg / kg b. wt. every 
other day) and intraperitoneally injection of BV (3 mg 
/ kg b. wt. every other day) for 15 weeks. 
Collection of blood and tissue samples: 

At the end of 15th week treatment, rats were 
deprived of food but not water over night and then 
sacrificed by cervical decapitation. Blood and tissue 
samples were collected at once; two blood samples 
were immediately collected. The first sample is whole 
blood which was collected into EDTA for preparation 
of hemolyste for measuring of GPx level. The second 
one is serum for measuring the levels of lipid 
peroxide, ALP, CEA and AFP. After animal 
dissection, the colon was obtained and fixed in 10% 
formaline solution for histopathological and 
immunohistochemically studies. 
Preparation of hemolysate: 

Blood samples were collected in glass tubes 
provided with EDTA (ethylene diaminetetra-acetic 
acid) as anticoagulant, then samples were centrifuged 
at 3000 rpm for 15 min., remaining packed RBCs were 
washed twice with normal saline to remove the buffy 
coat. Hemolysate was performed by pipetting out 1 ml 
of washed red blood suspension in ice cold distilled 
water. Erythrocyte ghosts were sedimented in a high 
speed refrigerated centrifuge at 3000 rpm for 40 
minutes. The cell content was separated out carefully 
and used for biochemical studies. 
Biochemical analysis: 

Lipid peroxide level was determined 
spectroscopically in serum according to the method 
described by [15] by using kit purchased from 
Biodiagnostic, Company, Egypt. GPx level was 
determined in hemolysate of the blood 
spectrophotometrically according to the method 
described by [16]. ALP level was determined 
spectroscopically in serum according to the method 
described by [17] using kit purchased from 
biodiagnostic, Company, Egypt. CEA was 
quantitatively determined in serum by ELISA 
according to the method described by [18] using 
enzyme immunoassay kit, purchased from sigma, 
Company, Egypt. AFP quantitative measurement was 
performed in serum by using ELISA according to the 
method described by [19] using Enzyme immunoassay 
kit, purchased from USCN life science Inc. Co.  
Statistical Analysis: 

Collected data were presented as mean ± SE and 
statistically analyzed using one way analysis of 
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variance (ANOVA). Student "t" test was used for 
significance according to [20] and statistical 
significance was set at P ≤ 0.05. 
Histological and Immunohistochemical studies: 

Formalin fixed tissues were processed for 
histopathological observations at the light microscopic 
level. Briefly, following an overnight fixation in 
buffered formalin, tissues were dehydrated through 
ascending grades of alcohol, cleared in benzene and 
embedded in paraffin. Blocks were made and 5 μm 
thick sections were obtained. The slides were stained 
with hematoxylin and eosin (H & E) according to the 
method described by [21]. Formalin-fixed, paraffin-
embedded tissue specimens were used for 
immunohistochemical staining. Procedures for 
immunohistochemical staining have been described 
previouslyby [22]. 
 
3. Results 

Biochemical analysis of blood demonstrated in 
(table 1) cleared that there is non-significant increase 
in groups treated with honey, BV each alone or both 
together when compared to control group (figure 1(A-
E)), while treatment of rats with DMH caused a 
significant increase in lipid peroxide (figure 1A) and 
decrease in GPx activity (figure 1B) as compared to 
control group. Furthermore, treatment with honey 
and/or BV to DMH-treated rats caused a significant 
decrease in lipid peroxide and increase in GPx activity 
when compared to DMH-treated group. Alkaline 
phosphatase level showed also an observed increase in 
DMH–treated group when compared to control one, 
while treatment by honey and/or BVto DMH-treated 
rats induced a modulatory effect by causing a 
significant decrease when compared to DMH-treated 
group (figure 1C). DMH also caused high elevation in 
the levels of CEA (figure 1D) and AFP (figure 1E) as 
compared to control group. On the other hand, 
treatment by honey and/or BVto DMH-treated rats 

caused a significant decrease in CEA and AFP as 
compared to DMH-treated group. 

Examination of H & E stained colonic sections of 
control rats showed normal Lieberkuhn glands with 
normal mucosal layer and typical colonic architecture 
with no signs of apparent abnormality (Figure 2A). 
Colonic sections from DMH treated group 
exhibitinghyperplastic dysplastic aberrant crypts of 
colonic mucosa, dysplastic goblet cells with irregular 
shape and size with inflammatory cells infiltration. 
Dysplasia and hyperplasia were common features in 
DMH treated groups (Figure 2(B & C)). Colonic 
sections of DMH-treated rats supplemented with 
honey showing clear improvement in mucosal layer 
with mild infiltration of inflammatory cells and lower 
degree of hyperplasia (Figure 2D). Colonic sections of 
DMH-treated rats supplemented with BV rats revealed 
an evident reduction of dysplasia. The mucosal crypts, 
lamina propria and muscularis mucosa were well 
oriented, with few inflammatory cells infiltration 
(Figure 2E). Co-treatment of DMH-treated rats with 
honey and BVshowed normal mucosal layer with 
regular crypts and colonic structure more or less 
similar to the control (Figure 2F). 

In the present study, immunohistochemical 
analyses of p53 were carried out and the brown color 
indicated specific immunostaining of p53. The colonic 
section of DMH-treated group (Figure 3(B & C)) 
showed enhanced immunopositive staining of p53 
indicated by brown color as compared to control group 
(Figure 3A). However, there was reduction in 
immunopositive staining of p53 in colon sections of 
rats from DMH + honey treated group (Figure 3D) and 
DMH + BV treated group (Figure 3E) as compared to 
DMH treated group. While, co-treatment of DMH-
treated rats with honey and BV (Figure 3F) showed no 
significant difference in the p53 immunostaining as 
compared to control group. 

 
Table 1: Effects of bee honey and/or venom on some biochemical parameters of DMH-induced carcinogenesis 
in rats: 

DMH + Honey + BV DMH + BV DMH + Honey DMH Honey + BV BV Honey Control  

1.29 
±0.13*# 

1.36 
±0.15*# 

1.47 
±0.15*# 

2.24 
±0.19* 

1.06 
±0.11# 

0.95 
±0.07# 

0.91 
±0.09# 

0.71 
±0.06 

Lipid peroxide 
(nmol/ml) 

2.95 
±0.375# 

1.27 
±0.19* 

1.22 
±0.16* 

0.82 
±0.09* 

4.58 
±0.4*# 

3.88 
±0.33*# 

2.19 
±0.36# 

2.32 
±0.17 

Glutathione peroxidase 
(U/gHb) 

150.5 
±5.17*# 

155.2 
±3.92*# 

160 
±3.33*# 

278 
±2.89* 

148.8 
±6.07*# 

140.8 
±5.63*# 

147.7 
±4.64*# 

128 
±1.9 

Alkaline phosphatase 
(U/L) 

3.26 
±0.21*# 

3.52 
±0.16*# 

3.665 
±0.16*# 

6.75 
±0.24* 

2.015 
±0.075# 

1.98 
±0.055# 

1.94 
±0.11# 

1.84 
±0.09 

CEA 
(μg/mL) 

0.19 
±0.02# 

0.197 
±0.015# 

0.226 
±0.02*# 

0.28 
±0.03* 

0.19 
±0.02# 

0.17 
±0.005# 

0.18 
±0.015# 

0.156 
±0.01 

AFP 
(ng/ml) 

Data are presented as (mean ± S.E.). S.E = Standard error 
*p < 0.05: significant change with respect to the control group. 
#p < 0.05: significant change with respect to DMH group. 
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Figure 1: Histogram showing serum lipid peroxide content (A) hemolysate erythrocyte glutathione level (B), serum 
alkaline phosphatase content, serum carcinoembryonic antigen content and serum Alpha-Fetoprotein content in all 
groups. Data are presented as (mean ± S.E.). S.E = Standard error. 
* Significant change at p<0.05 with respect to the control group. 
# Significant change at p<0.05 with respect to DMH group. 
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Figure (2): Photomicrographs of colon sections of different groups stained by H & E (×40). (A) Control group 
showing a normal flat mucosa with its straight crypts of Leiberkuhn. (B & C) DMH-treated group showing 
hyperplastic dysplastic aberrant crypts of colonic mucosa with reduction of the intercryptic spaces and also showing 
inflammatory cells infiltration in between the glands of Leiberkuhn. (D) DMH and honey treated group showing 
mild infiltration of inflammatory cells and lower degree of hyperplasia. (E) DMH and BV treated group showing 
improvement in the glandular structure and the lining epithelium of mucosa, a few inflammatory cells infiltration 
was also seen. (F) DMH + honey + BV treated group showing normal mucosa with well-oriented crypts. 
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Figure 3: Photomicrographs of colon sections of different group simmunostained with p53 (×40). (A) Control group 
showing normal p53 expression. (B & C) DMH-treated group showing strong positive immunostain of p53 indicated 
by brown colour. (C) DMH and honey treated group showing reduction of p53 immunostain as compared to DMH-
treated group. (E) DMH and BV treated group showing less reaction to p53 immunostain as compared to DMH-
treated group. (F) DMH + honey + BV treated group showing weakly stained colon tissue indicating less expression 
of p53 
 
4. Discussion 

In the present study, 1,2dimethylhydrazine was 
used to induce rat colon carcinogenesis. It is utilized to 
study morphologic and molecular mechanisms of the 
multistage development of colon cancer in order to 
elucidate new targets for chemoprevention. Colon 
carcinogenesis in rat model is similar to 
histopathological and molecular characteristics of 
human colon cancer model [23]. The development of 
both DMH-induced rat colon carcinogenesis and 
human colon carcinomas include aberrant 
accumulation of cells with potential for excessive 

proliferation, evasion of apoptosis, and genomic 
instability [24]. So, we used this model to explore the 
protective effect of honey and BV on experimental 
colonic damage caused by DMH in rats beside their 
modulatory effect on different biomolecules altered 
during colon carcinogenesis.  

Reactive oxygen species (ROS) and oxygen free 
radicals have been discussed as putative mediators in 
colon carcinogenesis [25]. Colon carcinogenesis is 
reported to be a pathological consequence of persistent 
oxidative stress and inflammation [26]. ROScan 
oxidize polyunsaturated fatty acids (PUFAs), which 
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take part in cell membrane constitution [27]. The lipid 
peroxidation and the breakage of lipids with the 
formation of reactive compounds can lead to changes 
in the permeability and fluidity of the membrane lipid 
bilayer and can dramatically alter cell integrity [28] 
and also leading to DNA damage [29]. DNA damage 
can result in either cell cycle arrest or induction of 
transcription, induction of signal transduction 
pathways, replication errors, and genomic instability, 
which are all related with colon carcinogenesis [30]. 

As observed in results of the present study, DMH 
led to alterations of several parameters of oxidative 
stress. Earlier study demonstrated that DMH 
undergoes metabolism in the liver, leading to the 
generation of methyldiazonium ion, which is known to 
elicit oxidative stress. This leads to promutagenic 
events as a result of inflammation and tumor 
promotion [6]. Lipid peroxidation or MDA formation 
is one of the critical and relevant markers of oxidative 
damage and raised level of lipid peroxidation product 
(MDA) has been found after treatment with DMH 
[31]. The present results also showed remarkable 
increase in the level MDA after DMH treatment (table 
1, figure 1A).  

The observed increase in circulating lipid 
peroxides of DMH-treated animals, in the present 
study, correlates with the decline in circulatory 
antioxidants represented in GPx (table 1, figure 1B). 
This may be because of their overutilization in 
detoxification of carcinogenic metabolites of DMH 
[32]. GPxare related with the direct elimination of 
reactive oxygen metabolites, which is probably one of 
the most effective defenses of the living body against 
diseases. GPx plays a significant role in the peroxyl 
scavenging mechanism and in maintaining functional 
integration of the cell membranes [33]. GPx catalyze 
the reduction of H2O2 or organic hydroperoxides to 
water or corresponding alcohols using reduced 
glutathione (GSH) as an electron donor [34]. 

On the other hand, honey significantly increased 
the activities of antioxidant enzymes of DMH-treated 
animals and protected from DMH-induced free-radical 
toxicity. Many investigators have suggested that honey 
is an influential antioxidant and strong scavenger of 
active oxygen species [35, 36]. The antioxidant 
activity of honey is for the most part attributed to its 
content of phenolic compounds and flavonoids [37]. 
Phenolic compounds display antioxidant activity 
because of their capacity to scavenge free radicals 
[38]. The antioxidant activities of flavonoids include 
ROS scavenging, transition metal ion chelation, 
increase of enzymatic and non-enzymatic antioxidants, 
and reduction of lipid peroxidation [39]. Honey may 
lower the risks and impacts of acute and chronic free 
radical induced pathologies in vivo [40]. Other study 
reported that honey has the ability to decrease 

significantly the concentration of lipid hydroperoxides 
and malondialdehyde (MDA) [41]. Honey 
supplementation also was reported to restore activities 
of GPx [42]. In the present study, the oral 
administration of honey decreased the level of MDA 
(table 1, figure 1A) and improved the levels of GPx 
(table 1, figure 1B) of DMH-treated rats. 

In the present study, the treatment of DMH-
treated rats with BV caused significant decrease in the 
elevated MDA level (table 1, figure 1A) associated 
with significant elevation in the declined GPx 
activities (table 1, figure 1B), indicating that BV has 
potential antioxidant properties. According to recently 
published data, BV has strong antioxidant activities 
such as free radical scavenging activity and inhibition 
of lipid peroxidation [43]. [44], also stated that BV 
therapy is a potent antioxidant led to a decline in the 
levels of reactive oxygen species (ROS), which may 
be related with the observations of BV affecting 
glutathion, superoxide dismutase (SOD) and catalase. 
The antioxidant potential of BV had been confirmed in 
different studies carried on various pathological 
conditions [45, 46]. 

Alkaline phosphatase (ALP) is recognized as a 
critical marker of differentiation in human 
malignancies [47]. ALP is representative of colon 
function and its level serve as prognostic tool which 
are frequently elevated in colorectal cancer patients 
[48]. The present study revealed significant increase in 
the enzyme activity of ALP in the DMH-treated rats 
compared with normal control group (table 1, figure 
1C). The enzyme activity of ALP has been reported to 
be significantly elevated during carcinogenesis [49]. 
The exact reason behind ALP elevation is unclear but 
can be attributed to excessive dephoshphorylation of 
various proteins involved in the regulation of cell 
division which obviously is high during DMH induced 
colon carcinogenesis. Also, elevation in the enzyme 
activity of ALP has been directly connected to 
increased DNA synthesis [50].  

However, treatment with honey considerably 
reduced the elevated level of ALP in serum of DMH 
treated animals (table 1, figure 1C). The observed 
decrease in the level of ALP activities is a clear 
vindication that the honey is having hepatoprotective 
and renal protective properties [51]. [52], also stated 
that, the inhibition in ALT, AST, ALP and GGT 
enzyme activities in carcinogenic rats administered 
bee honey may be assigned to the improvement in 
cellular membrane architecture, thereby suppressing 
the leakage of enzymes through membranes. 

In the present study, upon treatment with BV, a 
significant moderation was observed in the enzyme 
activity of ALP in the DMH-treated rats (table 1, 
figure 1C), which is in corroboration with the 
observation of [44] who reported that treatment with 
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BV had significantly lowered the elevation of serum 
ALT, AST, ALP and LDH levels, demonstrating the 
hepato-protective effect of BV, which may be 
explained by the reduction of elevated hepatic nuclear 
factor kappa B (NF-kB) expression in liver. NF-kB 
has been considered to play critical roles in managing 
the genes expression responsible for inflammation, 
proliferation and apoptosis [53].  

CEA is a tumour marker widely measured in 
colorectal cancer [54]. The obtained results 
demonstrated that serum CEA level was increased 
significantly in DMH-treated rats when compared with 
normal control group (table 1, figure 1D) due to colon 
cancer induction and this increase was revealed in 
other previous studies concerned with colon cancer 
[55, 56]. Furthermore, [57] recorded that; CEA is the 
best marker in colorectal cancer patients and most 
thoroughly characterized tumor-associated antigens, in 
both biochemical and clinical aspects. 

AFP is a proven biomarker for hepatocarcinoma 
with in the serum of adults. Elevated serum levels of 
AFP can further accompany the growth of malignant 
lung and bladder tumors and gastrointestinal cancers 
of the stomach, pancreas, and colon [58]. AFP can 
also be an indicative of colorectal cancer [23]. In our 
study, serum level of AFP was significantly elevated 
in the DMH-treated rats compared with normal control 
group (table 1, figure 1D). A significantly elevation of 
AFP in DMH induced rat colon carcinogenesis was 
also observed in other studies [23]. 

In this study, administration of honey to DMH-
treated rats reduced the level of tumor markers (CEA 
and AFP) to normal (table 1, figure 1(D & E)). Honey 
constituents have been reported to exert anti-
inflammatory, antioxidant, antiproliferative, 
antimetastatic, and anticancer effects [8]. Its 
anticancer activity has been proved against various 
cancer cell lines and tissues, such as breasts, 
colorectal, renal, prostate, endometrial, cervical and 
oral cancer [9]. The cancer preventive property of 
honey in Wistar breed rats with colon 
dimethylhydrazinetumorogenesis has also been 
recorded [59].  

The results of the present study also revealed 
that, treatment with BV to DMH-treated rats reduced 
the level of tumor markers (CEA and AFP) (table 1, 
figure 1(D & E)). The presented data support and 
extend previous findings [60, 61] that BV has direct 
antitumor effect in vivo and invitro. BV inhibits the 
proliferation of carcinoma cells and tumor growth in 
vivo duo to the stimulation of the local cellular 
immune responses in lymph nodes [62].  

In the present study, administration with DMH 
produced histopathological changes in the form of 
hyperplastic and dysplastic activity with extensive 
mucosal layer destruction and intense inflammation. 

Other investigation confirmed this result indicating 
after DMH administration, preneoplastic lesions such 
as aberrant crypt foci (ACF) were observed [63]. In 
this study, oral supplementation with honey to DMH-
treated rats concealed the inflammatory responses in 
the colon by decreasing the massive infiltration of the 
inflammatory cells in the mucosal layer induced by 
DMH. It also decreased the regional destruction of 
mucosal layer induced by DMH in the colon. These 
histological findings exhibited the protective efficacy 
of honey against damaging effects of DMH in the rat 
colon. Whereas the colon section of DMH induced rats 
treated with BV has typical appearance of crypt 
epithelial cells with goblet formation and colonic 
tumors multiplicity was greatly reduced in this group. 
This firmly underlines the efficacy of BV in 
inhibiting/slowing tumorigenesis in the rat colon. 
(Figure 2(A-F)). 

p53 is a transcription factor that causes cell cycle 
arrest and apoptosis in response to a variety of cellular 
damage [64]. It restricts cellular growth by prompting 
senescence, cell cycle arrest (at G1 and/or G2 phase) 
or apoptosis. The p53 protein up-regulates the 
expression of at least two genes, p21 and Bax, whose 
encoded products can regulate growth arrest and 
apoptosis, respectively [65]. Mutation within the DNA 
binding region of p53accounted for expression of a 
dysfunctional p53 that has been reported in many 
tumors including gastric, breast, and colorectal tumors 
[64]. Mutations in the p53 gene may prevent activation 
of these downstream effectors [66]. In the present 
study, a significantly enhanced expression of p53 in 
the DMH-treated group compared to the normal 
control group was watched. Various prior studies have 
reported an over-expression of p53 gene in colorectal 
carcinomas [65, 66]. A large portion of p53 mutations 
change single amino acids in the p53 protein, which 
results in the production of an altered version of the 
protein that can't control cell growth and division 
effectively and therefore reduces or eliminates the 
protein’s tumor suppressor function. Because the 
altered protein is less effective in managing cell 
growth and division, this results in accumulation of 
DNA damage. Thus, cells can grow and divide in an 
unregulated way, which can lead to cancerous tumors 
[65]. Administration of honey showed a significant 
decrease in expression of p53 as compared to DMH-
treated animals, the result which agrees with [66] who 
recorded a reduction in p53 expression upon honey 
administration and attributed it to the anti-mutagenic 
effect of honey, which minimized the DNA damage. 
BV also caused decreased expression of P53 as 
compared to DMH-treated animals and this result 
corroborated with previous study, indicating the 
apoptotic and apoptosis-promoting effects of BV [67]. 
(Figure 3(A-F)). 
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Honey is characterized by its highly selectivity as 
it shows up cytotoxicity against cancer cells while it is 
non-cytotoxic to normal one [68]. Honey prevents the 
development of cancer by blocking the three principle 
stages of cancer formation known as initiation, 
proliferation, and progression [68]. The molecular 
mechanisms leading to the antiproliferative and 
anticancer effects of honey include cell cycle arrest, 
activation of mitochondrial pathway, induction of 
mitochondrial outer membrane permeabilization, 
induction of apoptosis, modulation of oxidative stress, 
reduction of inflammation, modulation of insulin 
signaling, and inhibition of angiogenesis in cancer 
cells. Besides, honey indicates potential effects on 
cancer cell by modulating proteins, genes, and 
cytokines that promote cancer [36]. 

A recent study indicating several cytotoxic 
mechanisms of BV such as apoptosis, necrosis, effects 
on growth inhibition and proliferation, and 
cytotoxicity and cell cycle alterations in various 
malignant cells [69]. [70] observed that melittin, the 
main compound of BV, inhibitorily affects calmodulin 
as an antiproliferation agent of BV and contributes to 
the increased PLA2 activity, calcium influx and 
necrosis. It additionally exerts a cytotoxic effect on 
malignant cells by inhibiting tumor growth and 
inducing the activation of matrix metalloproteinases 
(MMP) and caspase, which are responsible for 
apoptosis and necrosis [69]. Finally, data presented in 
this study confirmed that, the effect of both honey and 
BV was higher than each of them alone due to their 
synergistic preventive and modulatory effects. 

 
Conclusions: 

The data of the present study indicated that 
honey and bee venom have potential antioxidant 
activity and reduce the risks of free radical induced 
pathogenesis. They also induced preventive role 
against colon carcinogenesis, strongly suggesting their 
use as natural compounds in protection and treatment 
of colon tumors.  
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