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Abstract  

Background:  Ulcerative colitis is a major health problem  
and its occurrence is progressively increasing around the  

world. Royal Jelly is widely used up in diets all over the  
world due to its beneficial effects: Antioxidant, antitumor and  

anti-inflammatory.  

Aim:  This work aimed to investigate whether an oral  
pretreatment with Royal Jelly would have any effect on rats  
submitted to ulcerative colitis using different histological  
techniques.  

Material and Methods:  Thirty adult male albino rats were  
divided into control, Royal Jelly (RJ) (received 100mg/kg/day  
royal jelly orally for two weeks), Dextran Sodium Sulfate  
(DSS) (received orally 5ml DSS 5% daily for seven days for  
induction of ulcerative colitis) and (DSS & RJ) (received  
royal jelly 7 days before induction of ulcerative colitis and  
continued during the induction period) groups. Colon speci-
mens were processed for light and electron microscopic  
examinations. Quantitative assessment and statistical analysis  
were done for the mean number of goblet cells and the mean  
color intensity of cyclooxygenase 2 (COX 2).  

Results: Light microscopic examination of DSS group  
revealed desquamated epithelial cells, erosions, heavy mono-
nuclear cellular infiltration, dilated congested vessels and  
abnormal shaped crypts. Statistical results revealed significant  
decreased goblet cell number and significant increased color  
intensity of COX-2 immune reaction in comparison to control  
group. Electron microscopic examination revealed shrunken  
cells, focal loss of microvilli, widening of intercellular spaces,  
cytoplasmic vacuolation, irregular nuclei and inflammatory  
cellular infiltration. DSS & RJ group revealed preserved  
mucosal architecture, statistically nonsignificant difference  
in mean goblet cell number but significant increase in color  

intensity of COX-2 immune reaction in comparison to control  
group.  

Conclusion:  Royal jelly reduced histological alterations  
in induced ulcerative colitis.  
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Introduction  

THE  incident of Ulcerative Colitis (UC) is pro-
gressively increasing around the globe [1] . Ulcera-
tive colitis being a mucosal disease can extent to  
entire colon or controlled up to a part of the colon,  
inducing in erythmatous to haemorrhagic, granular  
mucosa with certain extensions to terminal colon  
forming the backwash ileitis [2,3] . UC is character-
ized by an uneven damage to the intestinal mucosa  
resulting from multiple etiologies including genetic,  

environmental, microbial and immune inflamma-
tory mediators [4,5] .  

The most troubling symptoms and consequences  
of UC are ulceration, loss of blood through fecal  
matter, abdominal pain, diarrhoea, loss of body  
weight, loss of minerals from the bones and oste-
oporosis [6,7] . UC induce increased energy spending  
and nutritional deficiencies like malnutrition, mal-
absorption, disturbed digestion, loss of gastroin-
testinal proteins [8] . The treatment objectives for  
UC include prevention and treatment of complica-
tions and reestablishment of nutritional deficits to  
improve patient's quality of life.  

The anti-inflammatory drugs include immuno-
suppressants, biologic agents, antibiotics, and drugs  
to suppress inflammatory responses and to relieving  
symptoms are used in treatment of UC. The Com-
plementary and alternative therapies are also con-
sidered to be effective in treatment of UC however,  

there is a need for well-planned preclinical and  
clinical investigations to supports such claims [9] .  

Royal Jelly (RJ) is a secretion rich in protein  
and lipids produced by the hypopharyngeal and  
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mandibular glands of Appis mellifera L. young  
worker honeybees (called nurses). It is composed  

of water, carbohydrate, lipids, proteins, vitamins  

(mainly riboflavin, niacin, and thiamin) and some  
minerals (mainly calcium and iron). Due to its high  
content of bioactive compounds, RJ exhibits lots  
of health-promoting properties, such as antibacte-
rial, antioxidant, anti-inflammatory, vasodilator,  
hypotensive, hypocholesterolemic, hepatoprotec-
tive, and antitumor activity [10,11] .  

An important limitation in experiencing thera-
pies is the difficulty of the patient to leave his  
therapy and experience another one like royal jelly.  

However, in recent years a large number of animal  
models have been developed. These models have  
greatly advanced our knowledge about the patho-
physiology of the diseases and allowed the chance  
for therapy trials [12] .  

To our knowledge, no precise analysis has yet  

been performed of the efficacy of royal jelly in  

reducing DSS-induced ulcerative colitis in rat. So,  

in present investigation is substantiated.  

In experimental acute colitis that is induced in  
rodents by feeding them DSS, the clinical and  

histopathological results are similar to that of  

human ulcerative colitis. This model is simple and  
is frequently used in studying the role of innate  

immune mechanisms in the development of mu-
cosal inflammation and the re-establishment of  

barrier integrity [13,14] .  

Since there is no curative drug has been devel-
oped yet for treatment of UC, new and alternative  

therapies arise to avoid complications and improve  

the patients' health status. The aim of this work  

was to study the possible protective effect of royal  

jelly on DSS induced ulcerative colitis in adult  
male albino rat by using different histological  
techniques.  

Material and Methods  

This work was carried out from January 2017  
till August 2017 at Histology Department, Faculty  
of Medicine, Tanta University and at The Electron  

Microscopic Unit, Faculty of Agriculture, Mansoura  
University.  

Experimental animals:  
This work was carried out on 30 adult male  

albino rats, their weights ranged between 100 and  
150 grams. All the animals were housed in suitable  

clean properly ventilated cages under similar con-
ditions and were fed on a similar commercial  
laboratory diet and water [15] . They were acclima- 

tized to their environment at least one week before  

starting the experiment.  

Animals were divided into four groups:  

I- Control group:  Was formed of 10 rats re-
ceived no medications and used for histological  

study of the control colonic tissue.  

II- Royal Jelly group (RJ): Was formed of 5  
rats and given royal jelly orally once daily for two  
weeks.  

III- Dextran Sodium Sulfate group (DSS):  Was  
formed of 5 rats and given 5% DSS solution for  
seven days to induce ulcerative colitis.  

IV- Dextran sodium sulfate and royal jelly  
group (DSS & RJ):  Was formed of 10 rats received  
royal jelly 7 days before induction of ulcerative  

colitis and continued during the period of induction.  

Chemicals:  
Dextran Sodium Sulfate (DSS) 5% was used  

for induction of ulcerative colitis in rats. It was  

purchased from Sigma Company, Cairo (Egypt) in  

the form of white odorless powder with a molecular  

weight 40,000. DSS 5% solution was prepared by  
adding 25g of DSS powder to 500mL of distilled  

water and left as stock solution at 4ºC until use.  

The dose was 5ml/rat/day orally using a gastric  
tube for 7 days (so each 5ml of the prepared stock  

solution contained about 0.25mg/rat) [13] .  

Royal Jelly was used for studying its possible  

protective effect on ulcerative colitis. It is manu-
factured by PHARCO Pharmaceuticals Alexandria  

(Egypt), in the form of soft gelatin capsules, each  

contains royal jelly lyophilized 340mg equivalent  
to natural royal jelly 1000mg. The used dose was  
100mg/kg/day (each capsule is emptied and dis-
solved in 40ml of distilled water, so each 0.5ml of  

the prepared solution contained about 12mg). Rats  

were given 0.5ml of the prepared solution orally  
once daily using a gastric tube for 14 days [16] .  

At the appropriate time, twenty-four hours after  

the last dose, rats were scarificed under anesthesia  

by diethyl ether inhalation [17] . The abdominal  
wall of each rat was opened to make a midventral  
incision along the entire length of the abdominal  

cavity exposing the viscera. About five cm of distal  
colon was resected; 0.5cm proximal to the anus,  
rinsed in saline for clearing of colonic content, and  

divided into 3 segments. The first segment was cut  
for longitudinal sections and the second for trans-
verse sections and both were processed for light  

microscopic examination. The third segment was  
processed to prepare semithin and ultrathin sections  

for electron microscopic examination.  
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Preparation of specimens for light microscopic  
studies:  

Routine and PAS histological examination: The  
first and second segments were taken and immedi-
ately fixed in 10% formol saline solution for 24  

hours. Then dehydrated in ascending grades of  
ethyl alcohol and cleared in two changes of xylol  
30 minutes each. Impregnation was done in pure  

soft paraffin for 2 hours at 60ºC followed by em-
bedding in hard paraffin. Finally, sections of 5um  

in thickness were cut for H & E routine histological  
examination and PAS for detection of mucopoly-
saccharides [18] .  

Immunohistochemical study (COX 2):  5um  
paraffin sections were taken on charged slides,  

dried overnight at 60ºC, dewaxed, rehydrated and  
heated to induce epitope retrieval. Sections were  

boiled in EDTA buffer PH 8 for 20min at 95ºC.  
They were rinsed in distilled water followed by  
cooling at room temperature. Endogenous peroxi-
dase block was added at room temperature using  
peroxidase solution followed by rabbit anti-human  

COX 2 (cyclooxygenase 2) monoclonal antibody  

(clone SP21) obtained from Master Diagnostica  
diluted 1:50 applied to sections then incubated for  

10min. Detection System (DAB included) was  
used for detection of reaction then counterstaining  

with haematoxylin and final mounting of the slides  

were performed. Negative control slides were  
prepared by the same procedure but without adding  

the primary antibody [18] . This procedure used was  
also performed according to the manufacturer's  

instructions (Master Diagnostica, www. master-
diagnostica.com) for detection of cyclooxygenase  

2.  

Preparation of specimens for electron micro-
scopic studies:  

The specimens were fixed in 2.5% phosphate  
buffered glutaraldehyde, processed and embedded  
in epoxy resin by routine protocol. Semithin sec-
tions (1µm thick) were stained with toluidine blue  
and examined to choose the part to be studied by  

TEM. Ultrathin sections of (75nm thick) were  
picked upon 200 mesh uncoated copper grids,  

stained with uranyl acetate and counter-stained  

with lead citrate to be examined by JEOL-JEM-
2100 electron microscope with Gatan microscopy  
suite camera at the Electron Microscopic Unit,  

Faculty of Agriculture, Mansoura University [18] .  

Quantitative assessment and statistical analysis:  
A- The mean number of goblet cells:  

PAS-stained goblet cells were counted under a  

high magnification power X400 of the light micro- 

scope in ten non overlapped fields for each group.  
This was done using Olympus light microscope in  
Histology Department, Faculty of Medicine, Tanta  
University.  

B- The mean color intensity of cyclooxygenase 2  

(COX 2):  

The image analysis software program (Image  
J. 1.48 version) was used to measure color intensity  
of COX 2 immunoreaction in 10 non overlapped  
fields for each specimen at a magnification power  

of (X1000).  

All the previous data were statistically analyzed  

using SPSS software Version 13 (SPSS Inc., Chi-
cago, IL, USA), then compared by one way analysis  
of variance (ANOVA) test followed by Tukey's  

test to compare different groups with the control  

group and the results were expressed as mean ±  
Standard Deviation (SD). The differences were  

considered statistically significant if probability  
value p<0.05 and highly significant if p<0.001 and  
non-significant if p>0.05 [19] .  

Results  

Histological results:  
A- Light microscopic study:  

I- Haematoxylin and eosin stained sections:  
Control Group (I): Examination of haematoxylin  

& eosin stained sections obtained from colon of  

control group showed the characteristic histological  
picture which was identical to known histological  
structure of the colon. The wall of colon was  
composed of mucosa, submucosa, musculosa and  

serosa. The surface and glandular lining epithelium  
showed simple columnar absorptive cells with oval  
basal nuclei, apical brush border and acidophilic  
cytoplasm, while the goblet cells showed apical  

expanded and basal compressed parts containing  
nuclei. Lamina propria showed few mononuclear  

cells filling the space between the closely packed  
simple tubular straight glands parallel to each other  

Figs. (1A,B).  

RJ Group (II):  Examination of sections obtained  
from the colon of this group revealed the same  

histological picture of the colon as in the control  

group Figs. (1C,D).  

DSS Group (III):  Examination of sections ob-
tained from the UC colon of rats revealed changes  

of different degrees of inflammation which were  

focal in some sections and diffuse in others and  

were variable from rat to other. These changes  

were in the form of loss and desquamation of  

surface epithelial cells, most of which showed dark  

http://www.master-diagnostica.com
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pyknotic nuclei, apparent decrease in the number  

of goblet cells and inflammatory cellular infiltration  

with dilated blood vessels in the lamina propria.  

There were also disorganized mucosal architecture  

and abnormal shaped crypts with formation of cyst  

like structure and some of them contained desqua-
mated goblet cells. Submucosa was apparently  
thickened with presence of dilated congested blood  
vessels Figs. (2A-D).  

DSS & RJ Group (IV): Examination of sections  
obtained from the colon of rats of this group re-
vealed more or less preservation of the normal  

histological structure of the colon. Intact surface  

epithelial lining, number of goblet cell was more  
or less like control and the mucosal glands were  

long straight and parallel to each other. Few in-
flammatory cellular infiltrations were observed in  

the lamina propria Figs. (3A,B).  

II- Periodic Acid Schiff (PAS) stained sections:  

Examination of PAS stained sections obtained  
from the control Group I revealed intact PAS  
positive thin brush border of columnar cells. Goblet  
cells were abundant with its magenta red color  
Fig. (4A). PAS stained sections of Group II were  

similar to control group Fig. (4B). On the other  

hand, PAS stained sections obtained from Group  
III revealed thin interrupted brush border and  
apparent decrease in the number of goblet cells  

Fig. (4C). However, PAS stained sections obtained  

from Group IV revealed intact thin brush border  
and goblet cells appeared magenta red and regained  
the number so became more or less like control  
group Fig. (4D).  

III- Immunohistochemical results:  

Cyclooxygenase-2 (COX-2):  

Examination of negative control sections re-
vealed absence of immune reaction in colonic  

tissue Fig. (5), while Group I & II revealed apparent  
weak COX-2 positive cytoplasmic immune reaction  

in both columnar and goblet cells Figs. (6A,B).  
On the other hand, examination of sections obtained  
from Group III revealed strong positive reaction  
in surface and glandular epithelial cells Fig. (6C).  
Examination of Group IV revealed apparent weak  

immune reaction in most columnar and goblet cells  

alternating with focal strong positive cytoplasmic  

reaction in some cells Fig. (6D).  

IV- Semithin sections (Toluidine blue stained):  
Semithin sections of colonic mucosa of Group  

I & II showed simple columnar cells with basal  
oval pale-stained nuclei with occasional prominent  

nucleoli. Goblet cells appeared with apical extended  

portion containing mucin that stained from pink  
to deep blue and narrow basal portions containing  

nuclei Figs. (7A,B). Semithin sections of Group  
III showed disturbed mucosal architecture with  

distortion of glands and most of their cells showed  

dark stained nuclei with appearance of giant cells  

Fig. (7C). On the other hand, semithin sections of  

Group IV showed preserved shape of colonic  
glands, the surface epithelial lining of columnar  
cells with basal oval pale nuclei and goblet cells  
with apical distended parts and basal narrow parts  

Fig. (7D).  

B-  Electron microscopy study:  
Examination of ultrathin sections obtained from  

colon of Group I revealed regularly arranged co-
lumnar cells with basal oval euchromatic nuclei  
and closely packed regularly arranged microvilli  

Fig. (8A). The columnar cells were connected to  

each other by junctional complexes Fig. (8B).  
Goblet cell was detected in between the columnar  

cells with distended apical part containing mucin  

granules and compressed basal part containing the  

nucleus and cell organelles mainly rER Fig. (8C).  
Examination of ultrathin sections of Group II  
showed the same ultrastructure of cells lining colon  
as in the control group Fig. (8D).  

On the other hand, examination of ultrathin  

sections of Group III showed electron dense shrunk-
en columnar cells with cytoplasmic vaculations,  

wavy outline and wavy basement membrane Fig.  
(9A). Columnar cells appeared with indented nuclei  

and dilated perinuclear spaces while goblet cell  
revealed an electron dense indented nucleus and  

dilated rER Fig. (9B). Lamina propria revealed  

widely separated fibroblast like cells with appar-
ently deposition of collagen and cellular infiltration  

mainly plasma cells and eosinophils Figs. (9C,D).  

Examination of ultrathin sections of Group IV  
revealed majority of columnar cells appeared with  
regularly arranged microvilli and basal rounded to  
oval euchromatic nuclei. Goblet cells were seen  
with distended apical parts with mucin granules  
and compressed basal part containing nuclei Fig.  

(10A). Few columnar cells appeared with cytoplas-
mic vacuoles, focal loss of apical microvilli and  
intercellular spaces were mildly dilated Figs.  
(10B,C). Cellular infiltration was observed in the  
lamina propria between the cells Fig. (10D).  

Quantitative assessment and statistical analysis:  

A- Statistical results for the mean number of goblet  

cells:  

As assessed by Olympus light microscope in  
Histology Department, Tanta University. Group II  
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revealed nonsignificant difference in the mean  
number of goblet cells compared with control  
group. Group III showed statistically highly sig-
nificant decrease in the mean number of goblet  
cells compared with control group and Group IV,  
while Group IV showed nonsignificant difference  
in the mean number of goblet cells compared with  
control group. All these data were illustrated in  
(Table 1) and Histogram (1).  

B- Statistical results for the mean color intensity  
of cyclooxygenase 2 (COX 2) immunohistochem-
istry:  
As assessed by the image analysis software  

program (image J. 1.48 Version), Group II revealed  

nonsignificant difference in the mean color intensity  
of COX2 immunohistochemistry compared with  
control group. Group III showed highly significant  
increase in the mean color intensity of COX2  
immunohistochemistry compared with all other  
groups. Group IV showed significant increase in  
the mean color intensity of COX 2 immunohisto-
chemistry compared with control group and non-
significant difference compared with group II. All  
these data were illustrated in (Table 2) and Histo-
gram (2).  

Goblet cell number  

Control RJ DSS DSS + RJ  
Histogram (1): Mean number of goblet cells in different  

studied groups.  

Color intensity immunohistochemistry  

Control RJ DSS DSS + RJ  
Histogram (2): Mean color intensity of COX2 immunohisto-

chemistry in different studied groups.  

(A)  

(C)  

(B)  

(D)  

Fig. (1): Photomicrographs for colon of Group I, II showing mucosa (M), submucosa (Sub), musculosa (Ms) and serosa (S).  

Lamina Propria (LP) contains closely packed simple tubular glands parallel to each other lined with simple columnar  
cells (arrow) and goblet cells (arrow head) (H & E, 1A,C X200 & 1B,D X400).  
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(A) (B)  

(C) (D)  

Fig. (2): Photomicrographs for colon of Group III showing focal loss of surface epithelium and part of the lamina propria (2A),  
desquamation of surface epithelial cells (arrow), disorganized mucosal architecture. Most of epithelial cells are seen  

with pyknotic nuclei and apparent decrease in number of goblet cells. Inflammatory cellular infiltration (I) in the lamina  

propria and formation of crypt cyst (bifid arrow) (2B), some cysts contain multiple desquamated goblet cells (bifid  
arrow) (2C). Apparent thickening of submucosa (asterisk) containing dilated congested blood vessels (curved arrows).  

Notice myenteric plexus (wavy arrow) between the inner circular and outer longitudinal layers of musclaris externa  

(2D) (H & E 2A,B,C X400 & 2D X200).  

Fig. (3): Photomicrographs for colon of Group IV showing mucosa (M) with its characteristic glands (bifid arrow), submucosa  

(Sub), musculosa (Ms) and serosa (S). Number of goblet cells becomes more or less as in control group (3A).  
Inflammatory cellular infiltrations (I) still present in the lamina propria between the glands (3b) (H & E 3A X200 &  

3B X400).  
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(C)  

(A) (B)  

(D)  

Fig. (4): Photomicrographs for PAS stained sections: Group I & II showing PAS positive thin brush border (bifid arrow) and  
goblet cells (arrows) (4A,B). Group III showing thin interrupted brush border (bifid arrow) and apparent decrease in  

the number of goblet cells (arrow). Notice crypt cyst containing magenta red colored mucin (arrow head) (4C). Group  
IV showing intact thin brush border (bifid arrow) and goblet cells appeared magenta red (arrow). Notice increased  

number of goblet cells and secretion of magenta red colored mucin from goblet cells through the crypts (arrow heads)  
(4D) (PAS 4A,B,C,D X400).  

Fig. (5): A photomicrograph of negative control section of  
colon showing no immune reaction in all cells.  
(Negative control, Mag. X1000).  

Groups  

Control  
RJ  
DSS  
DSS + RJ  

C &  
RJ  

0.957  

Range  Mean ±  SD  

77-116  95.360± 17.118  
70.7-103.1  91.200± 14.827  
21.8-29.2  24.680±3.576  
73-104.9  88.880± 12.374  

TUKEY'S Test  

C & 
 

C & DS 
 

RJ & 
 

RJ & DS  
DS + RJ DS + RJ  

0.859 <0.001 * 0.992  <0.001*  

Table (1): Mean number of goblet cells in different studied  

groups.  

Goblet cell number ANOVA  

DS & DS  
+ RJ  

<0.001 *  

F p-value  

33.410 <0.001*  
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(A)  

(C)  (D)  

(B)  

Fig. (6): Photomicrographs for COX-2 immunostained sections: Group I & II showing apparent weak COX-2 positive cytoplasmic  
immunoreaction in both columnar epithelial cells and goblet cells (arrows) (A,B). Group III is showing apparent strong  
COX-2 positive cytoplasmic immunoreaction in both surface and glandular epithelium (C). Group IV is showing weak  
COX-2 positive cytoplasmic immunoreaction in most columnar and goblet cells with focal strong positive reaction  
in some cells (arrow heads) (COX-2 immunostaining & H, 6A,B,C,D X 1000).  

Fig. (7): Photomicrographs for semithin toluidine blue stained sections: Group I & II showing simple columnar cells (arrow)  
with basal oval pale-stained nuclei with prominent nucleoli in some of them. Goblet cells (arrow head) appeared with  

apical extended portions containing mucin stained from pink to deep blue color and narrow basal portions containing  
the nuclei (A,B). Group III is showing disturbed mucosal architecture with presence of giant cells (arrow heads) (C).  
Group IV is showing the lining surface epithelium of simple columnar cells that have basal oval and pale nuclei (arrow),  

while those lining the glands have dark nuclei (bifid arrow) (D) (Toluidine blue, Mic. Mag. X1000).  



(A)  

(C)  

(B)  

(D)  
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(C) (D)  

(A)  (B)  

Fig. (8): Electron micrographs for ultrathin sections: Group I & II showing columnar absorptive cells with apical closely packed  
regularly arranged microvilli (arrow head) with basal oval euchromatic nuclei (N) and apical junctional complexes  
(arrows) (A,B). Goblet cell (G) with distended apical part containing mucin granules and compressed basal part  
containing the nucleus (N) and rER (curved arrow) (C,D).  

Fig. (9): Electron micrographs for ultrathin sections: Group III showing electron dense shrunken surface columnar epithelial  

cells with wavy irregular outline (thin arrows) and apical cytoplasmic vaculations (V), notice irregular wavy basement  

membrane (thick arrows) (A). Goblet cell (G) with electron dense indented nucleus and dilated rER (curved arrow),  
notice indented nucleus (N) of columnar cell (B). There is widely separated fibroblasts like cells (arrow) with deposition  
of collagen fibers (asterisk) at the basal aspect of the epithelium (C). Lamina propria showing inflammatory cellular  

infiltration formed mainly of plasma cells (P) and eosinophil (E) with collagen fibers in between (asterisk) (D).  



0.242  <0.001*  <0.001*  0.022*  0.562  
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(A) (B)  

(C) (D)  

Fig. (10): Electron micrographs for ultrathin sections: Group IV showing columnar cells with preserved microvilli (arrow heads)  

and basal oval euchromatic nuclei (N). Goblet cell (G) with apical part distended with mucin granules and basal part  

containing compressed nucleus (A), but some areas are still showing focal loss of microvilli (arrow heads), apical  
vaculation (V), mild dilated intercellular spaces (arrows) and inflammatory cell infiltration (bifid arrow) most probably  
mast cell between two goblet cells (G) (B,C,D).  

Table (2): Mean color intensity of COX2 immunohistochem-
istry in different studied groups.  

Groups  
Color intensity ANOVA  immunohistochemistry  

Range  Mean ±  SD F  p-value  

Control  63.8-77.98  72.588±5.838 61.444  <0.001*  
RJ  77.01-85.47  80.412±3.285  
DSS  110.87- 133.48  122.366±8.733  
DSS + RJ  78.11-94.91  85.680±6.114  

TUKEY'S Test  

C &  C & C & DS  RJ & RJ & DS  DS & DS  
RJ  DS + RJ  DS + RJ  + RJ  

<0.001*  

Discussion  

The aim of this study is to investigate the pos-
sible protective effects of royal jelly on UC rat  
model as it is important to enhance the quality of  

life for patients of UC and high risk people by  
preventing the severity of acute attacks and its  
complications.  

In this study, light microscopic examination of  
the DSS group revealed histological changes in  

colonic mucosa in the form of loss of surface  
epithelium (erosions) which may be due to the  
direct toxic effect of DSS on intestinal epithelial  
cells that may end to erosions that ultimately  
compromise barrier integrity resulting in an increase  
in the colonic epithelial permeability aggravating  
inflammation  [20-24] . DSS also associates with  
colonic medium-chain-length fatty acids present  
abundantly in the chow forming nano-lipo com-
plexes which are absorbed and metabolized by  
epithelial cells causing epithelial injury [12] .  

Epithelial cell desquamation observed in this  
study was attributed to the formation of Reactive  
Oxygen Species (ROS) in the intestinal mucosa  
during inflammation leading to disruption of blood  
vasculature and desquamation of epithelial cells  
[25] .  

Dark pyknotic nuclei observed in the surface  

columnar cells may be due to excessive apoptosis  
as the gastrointestinal tract is lined by a delicate  
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monolayer of epithelial cells characterized by high  
turnover. So, the maintenance of this epithelial  

barrier function requires a dynamic balance between  

epithelial loss by apoptosis and generation of new  

cells by proliferation. When this balance is shifted  

towards excessive apoptosis, multiple gastrointes-
tinal diseases can manifest. During DSS-induced  
colitis tumor necrosis factor (TNF α ) is highly  
upregulated and it signals via two receptors TNFR1  

and TNFRII. Signaling via TNFR1 is associated  
with apoptosis and cytokine production whereas  
signaling via TNFRII is associated with prolifera-
tion and enhanced cell survival [23] .  

Heavy inflammatory cellular infiltration asso-
ciated with dilated, congested blood vessels in the  

lamina propria and submucosal vascular congestion  
were observed in this study and other previous  
studies [26-28] . The inflammatory cellular infiltration  
may be due to endothelial cell intercellular adhesion  
molecule-1 (ICAM- 1) and mucosal addressin cell  
adhesion molecule-1 (MAdCAM-1) along with  
leukocyte α4 β 1 & α4 β 7 expression and β 2 in-
tegrins which are released during inflammation  

and they act as primary mediators of leukocyte  
recruitment in colitis [27] . The dilated congested  
blood vessels was attributed to vasodilator sub-
stances released by the blood vessels into the blood  

stream causing vasodilatation and stagnation of  

blood leading to hypoxia of tissues which enhances  

secretion of nitric oxide. The latter relaxes the  

vascular smooth muscle cells leading to vasodila-
tation of blood vessels and more congestion and  

a vicious circle [29,30] .  

The crypt distortion in the form of crypt dila-
tation and cyst formation in the lamina propria  
observed in this study was in agreement with the  
previous studies in which they described the cyst  

as a large, bulging, cystic dilation with a little  
“necklace” of cells around the crypt [31,32] . On the  
other hand, the crypt dilatation and cyst formation  
may be due to the interference of DSS with the  
normal interaction between intestinal lymphocytes,  
epithelial cells, and extracellular matrix and causes  
aberrant modulation of the expression of integrin  

β7 receptors. In addition, it activates a transcription  

factor called nuclear factor kappa B (NF- κB) which  
is a key component in the inducible transcription  
of proinflammatory cytokines [31] .  

The decrease in goblet cells number may be  

due to excessive Interleukin 18 (IL-18) signaling  

on the epithelium which leads to progressive de-
pletion of goblet cells. Interleukin 18 also inhibited  
goblet cell maturation by regulating the transcrip-
tional program instructing goblet cell development.  

These results inform on the mechanism of goblet  

cell dysfunction that underlies the pathology of  
ulcerative colitis [33] . In addition, the TNF-α  re-
sulted in loss of mucin inside goblet cells, decreas-
ing colonic mucous layer thickness and exposing  

colonic mucosa to luminal antigens with more  
colonic mucosal inflammation [24] .  

Results of immunohistochemical COX-2 in this  
study showed statistically highly significant in-
crease in the color intensity of immune reaction  

in the ulcerative colitis (DSS) group, this result  

was attributed to the COX-2 responsibility of  

production of prostaglandins E2 (PGE2) associated  
with the mediation of inflammation [34,35] .  

Prostaglandin E2 is an important mediator of  

fever, pain, and inflammation. In addition endog-
enous prostaglandins (PGs) are actively involved  

in the mucosal defense against colonic ulceration  
and reduce the severity of DSS induced colitis by  

suppressing the induction of proinflammatory  

cytokines. The prostaglandin E2 receptor 4 (EP4)  

is one of four receptor subtypes for prostaglandin  

E2 that belongs to the family of G protein-coupled  

receptors. It is widely distributed in the body  
especially the gastrointestinal tract. It has an anti-
inflammatory action on mononuclear cells and T  
cells, upregulates the anti-inflammatory cytokine  

IL-10, decreases apoptosis in the epithelium of  

colon, prevents goblet cell depletion, and promotes  
epithelial regeneration in inflammatory bowel  

disease and in rats with DSS-induced colitis [36,37] .  

In this study ultrastructural examination of the  

DSS group revealed shrunken columnar cells with  
electron dense cytoplasm. Shrunken cells may be  
due to atrophy by decrease in size of cells that  

have gained full development. It represents adap-
tation to a changed cellular environment. Cells  

shrink when their level of work is diminished or  
when their source of nutrition or stimulation is  
removed. The atrophic cells are small with their  
cytoplasmic organelles are fewer in number and  

size and their nuclei are small and in an eccentric  

position. The appearance of electron dense cyto-
plasm in atrophic cells may be due to the presence  
of denatured proteins, cytoplasmic debris, and  

degraded cytoplasmic organelles that collapse into  

dark amorphous mass [38] .  

Widening of the intercellular spaces seen in the  

current study was due to affection of the capillary  

endothelium at sites of injury with leakage of fluid  
into interstitial spaces isolating cells from one  

another. While vacuolated cytoplasm of the colum-
nar cells was due to cell injury that moves water  



2576 Histological Study of the Possible Protective Effect of RJ on Ulcerative Colitis Induced by DSS  

rapidly into cells and distorts the endoplasmic  

reticulum and Golgi apparatus in the cytoplasm.  
Massive accumulation of water which occurs in  
severe acute injury helps in forming large coalesced  

vacuoles [38] .  

Goblet cells appeared during current work with  

electron dense indented nuclei with apparent de-
crease in amount of mucin granules and dilated  
rER in their cytoplasm. This result was attributed  
to the misfolding assembly of mucin in goblet cells  
causing substantial Endoplasmic Reticulum (ER)  
stress, premature goblet cell apoptosis that progress  

to intestinal inflammation [39] . In addition, the  
secretory cells like goblet cells have relatively  

high rate of protein misfolding which is aggravated  
by ROS leading to ER stress [40] .  

Light and electron microscopic examination of  

sections treated with royal jelly & DSS revealed  
the protective effect of royal jelly on ulcerative  

colitis which might be due to the anti-inflammatory  
and antioxidant properties of royal jelly [41-44] .  

Royal jelly contains a major fatty acid compo-
nent (10H2DA) that inhibit lipopolysaccharide  

(LPS)-induced IL-6 production and LPS-induced  
NF-кB activation in a dose-dependent fashion, but  
did not inhibit TNF-a  production, also 10H2DA  
can inhibit NF-кB activation via suppressing Nitric  
Oxide (NO) production and I кB-^ (inhibitor of  
NF-кB-^ ) mRNA expression and transcription  
stimulated by LPS and interferon (3  (IFN- (3 ) [45,46] .  
On the other hand, the anti-inflammatory activity  
of royal jelly may be due to Adenosine N1-Oxide  
(ANO), which is also found in royal jelly compo-
nents [47] .  

Royal jelly has antioxidant effect as it decreases  
the level of oxidative stress markers as glutathione  
and malondialdehyde [47] . In addition, it has hepat-
oprotective and antioxidant activities against carbon  
tetrachloride (CCl4)-induced acute liver damage  

[48] . Also the royal jelly has anti-oxidative effects  
on injury of the kidney and liver induced by cispl-
atin [49,50] . The antioxidant effects of royal jelly  
on radiation induced oxidative damage was attrib-
uted to the antioxidant capacity and free radical  

scavenging ability of royal jelly which is mainly  
due to its protein fractions and its polyphenolic  

compounds including flavonoids which are known  
to counteract oxidative stress by acting as powerful  

natural antioxidants [51] .  

Conclusion:  

Based on the current study and from all previ-
ously mentioned histological, immunohistochem- 

ical and statistical results, it could be concluded  
that royal jelly has a protective effect on acute  

attacks of ulcerative colitis.  
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