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ABSTRACT

Background: The smoking effects on human health are well known and its impact on vital organs can leads to death in many
cases. There is a strong association between cigarette smoking and gastric lesion especially gastric erosions .Nicotine is the
main component of cigarette, and it is the cause of most of gastrointestinal hazards from erosions to cancers. Royal jelly is one
of the attractive ingredients of healthy food. It has also antioxidant effect against many toxins. Its anti-inflammatory role and
its role in protection from erosions and ulcers is due to its components.

Aim of the Work: To examine the role of royal jelly in protection against lesions on gastric mucosa caused by nicotine intake.
Materials and Methods: Thirty rats were used for the study equally divided into 3groups: 1* group (10 rats) were used as a
control, 2™ group (10 rats) were administrated nicotine I.P in a dose of 0.5 mg/kg body weight for 30 days , and 3rd group
(10 rats) were administrated nicotine as previously +royal jelly with a dose of 300 mg/kg/ body weight every day orally for
30 days. Then they were dissected 24 hours after last dose, the stomach was prepared for examination with Haematoxylin and
Eosin, Masson Trichome, Periodic Acid Schiff (PAS) stain and scanning electron microscope.

Results: The rats that were injected with nicotine showed multiple histolopathological changes: erosions on the surface
epithelium, degeneration of cells and distortion of the shape of the gland. Collagen fibers are more in the nicotine group, and
the thickness of mucosa decreased in this group. The covering mucous layer is defective in the nicotine group, rats treated with
nicotine with royal jelly the stomach appeared nearly normal.

Conclusion: Nicotine is a toxic substance to the stomach causing histopathological changes, and the royal jelly ameliorates
these changes.
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INTRODUCTION secretion of acid and pepsin, production of free radicals
and infiltration of neutrophilst®’. A reduction of the gastric
blood flow and secretion of mucus, prostaglandin (PG)",
as well as the reduction of ornithine decarboxylase activity
and polyamine synthesis®, are other reported causes.

Although awareness of the hazards of smoking
increased and the prevalence of smoking has decreased
since the US Surgeon General’s report on smoking in 1964,
smoking continues to be a big public health problem(!).

Natural products are used recently as therapeutic agents
for the treatment of various diseases due to their benefits
and their minimal side effects®..

Chronic nicotine intake increased the levels of ghrelin,
gastrin and histamine but decreased prostaglandin E ™.
The toxic effect of nicotine inhalation on stomach is due to
the previous factors, and heavy smokers are more liable to Royal Jelly is honeybee secreted by hypo pharyngeal
gastric/peptic ulcerst. gland of young worker bee (Apis mellifera Linne)!'?, and it
is the only nourishment for the bee Queen. Recently, royal
Jelly and its components have been subjected to extensive
usage for several diseases. Also, it was reported that the
crude royal jelly or its major proteins such as royalisin,
10-hydroxy-2- decenoic acid, and jelleines show a great
effect on different types of bacteria, especially on Gram
positive bacterial"l.

Cigarette smoking continues to be the leading cause
of death and it is the main risk factor for major diseases,
such as chronic obstructive pulmonary diseasel®. Smokers
who continue smoking may lose at least one decade of
life expectancy!. Nicotine has been shown to delay ulcer
healing in stress-induced, ethanol-induced or Helicobacter
pylori-induced gastric injury in rats, as well as increased

recurrence of duodenal ulcer?). Royal jelly has a complex composition of fats,
proteins, fatty acids, free amino acids, sterols, organic
It has been suggested that cigarette smoke induces ulcer acids, phenols, mineral salts, sugars, vitamins, and other
formation and delays their healing through enhancement of unknown substances!'>"3.
Personal non-commercial use only. EJH copyright © 2022. All rights served DOI: 10.21608/ejh.2021.48094.1382

404



Abeer Fareed Abd El-Naeem

R1J has been shown to exhibit promising anti-oxidant!'*],
anti-inflammatory™!, immunomodulatory!®!, anti-tumort'”,
anti-hypercholesterolemicl'®], anti-microbial”and anti-
allergic properties”.

MATERIAL AND METHODS

Animals

Thirty adult male albino rats, aging 4 - 6 months and
weighing 200 - 250 gms, were used for the study, they
were obtained from the Animal House of Assiut Faculty
of Medicine. Housed in Animal Facility at Sohag Faculty
of Medicine, Egypt. All rats were given access for rodent
chow diet and water. The experiment was performed
following the recommendations of the "Guide for the Care
and Use of Laboratory Animals" Institutes of laboratory
Animal Research! and in accordance with the Guidelines
of the University Animal Ethics.

Experimental design

The animals were randomly equally divided into three
groups as follows.

Group I (Control Group): It was composed of 10
adult male albino rats. They were subdivided into 2 equal
subgroups: la (Negative control): included five rats. They
were kept without treatment and served as control for all
the experimental groups and Ib (positive control): included
five rats. Each ingested saline with the normal diet .

Group II (Nicotine exposure group): It included 10
adult male rats subjected to nicotine intraperitoneal (I.P).
The rats were injected I.P. with nicotine tartrate at a dose
of 0.5 mg, dissolved in 0.9% normal saline once daily /kg
body weight for 30 consecutive days?l.

Group III (Nicotine and royal jelly): It included 10
adult male rats subjected to nicotine intraperitoneal as
before + Royal Jelly 300 mg/kg/day orally for 30 days
(available in the form of tablets (Royal Vit) 1000 mg soft
gelatin capsules from SEDICO pharmaceutical industries,
Egypt)*.

24 hours after the last dose, the rats were anesthetized,
sacrificed, carefully dissected and specimens from the
stomach were taken.

Preparation of the specimens for light microscopic
examination: The specimens were fixed using perfusion
fixation. They were fixed in 10% neutral buffered formalin
and prepared for light microscopic study®. Paraffin
sections of 6um thickness were obtained for Haematoxyline
and Eosin (H&E), Periodic Acid Schiff (PAS) and Masson
trichrome stains.

Scanning electron microscope examination

The mucosal surface of the stomach were washed with
normal saline, rinsed with cocodylate buffer and placed in
2.5%glutaraldehyde.Then they were prepared for scanning
electron microscope®). The specimens were examined
with a Jeol-JSM-3400 scanning microscope in the Electron
microscope Unit of Assiut University.

Ulcer index

The number and severity of ulcers were counted by
using the magnifying glass.

Score of severity?¢?7l;

*  normal color : 0.

* Reddish color: 0.5.

*  spotulcer 1.0.

»  small ulcer with hemorrhage 1.5.

e deepulcer2.0.

»  perforations 3.0.

Ulcer index”® = (UN + US+ UP) x 1/10

*  UN = Average of number of ulcer per animal

*  US = Average of severity score

»  UP = Percentage of animal with ulcer.
Morphometric study

Collagen quantification: Semi-automated image
analysis was applied®’ from each Masson's trichrome
stained section, 5 random fields for each group were
selected and imaged using an objective lens magnification
of 10x. Image J software (version 1.5, Wayne Rasband,
National Institutes of Health, USA) was used for the
analysis.

Mucosal thickness: The thickness of the gastric mucosa
was done using (Image Analyzer Computer System)
digitizer version 4.3.They were measured on H&E stained
sections using an objective lens magnification of 108,

For each measured parameter, five non overlapped
fields from each slide were used. Five slides were selected
from each animal. The mean for each animal was calculated
then the mean for each group was estimated

Statistical Analysis

Statistical analysis in each group, the numerical data
in the form of gastric mucosal thickness, and area % of
collagen were estimated and expressed as mean + SD.
One way ANOVA test was used to calculate the statistical
differences between the groups using Statistical Package
for the Social Science Software, version 16 (SPSS, Inc.,
Chicago, USA). Followed by LSD as a post-hoc test. In
all statistical analysis, P value <0.05 was considered
statistically significant*'l.

RESULTS

Light microscopic results

No difference was seen between group Ia and Ib so
they both considered as control group.

Control group (group I): H&E stained sections on
the mucosa showing a normal appearance of the gastric
mucosa, fundic glands are seen perpendicular on the
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surface. The gland consists of an isthmus, a neck and a
base. Gastric pits are seen invaginating the glands and open
into the lumen (Figure 1).

By high magnification

Surface mucous secreting cells which appeared as
columnar cells with pale cytoplasm and basal oval nuclei,
Each fundic gland is seen consisting of: Parietal cells
appeared large polyhedral with acidophilic cytoplasm and
central rounded nuclei with prominent nucleoli. Mucous
neck cells (columnar cells with pale cytoplasm and round
nuclei ) appeared between parietal cells in the neck of the
gland. The chief cells (peptic) basally located and appeared
low columnar with basophilic cytoplasm and basally
located nuclei, giving the basal part of the gland its dark
appearance (Figures 2,3).

Nicotine group (group II): By H&E there were
multiple areas of ulceration in the mucosa ranging from
small erosion due to loss of surface mucous cells to a
deep ulcer reaching to lamina propria (Figures 4a,4b).
With high magnification, most of surface mucous cells
appeared degenerated with pyknotic nuclei ,at the base of
the gland parietal and chief cells appeared degenerated and
a detached from the basement membrane, there was also a
distortion to the shape of the gland (Figures 5,6).

Nicotine+royal (group III): By H&E The glands
appeared nearly normal (Figure 7). With high magnification
the cells appeared nearly like the control group
(Figures 8,9) .

With Masson Trichome stain

Control group appeared with few amount of collagen
(Figure10)

Collagen fibers in group II increased in lamina propria
(Figure 11) more than any other group. Royal jelly intake
in group III preserved its normal appearance (Figure 12).

With PAS stain: In the control group there is a strong
positive reaction on the surface of the gland and filling pits,
a positive reaction is seen also on the neck of the gland
(Figure 13). In group II there is interrupted week reaction
on the surface of the gland in comparison with the control
(Figure 14). In group III the gland preserved its normal
shape with a strong positive reaction (Figure 15).

Scanning electron microscopic examination

In the control group (group Ia and Ib as there was
no difference found between them): the mucosa shows a
normal velvety appearance with numerous longitudinal
folds or rugae with normal gastric pits (Figure 16).
With high magnification, a healthy epithelium appears
surrounding the normal pits (Figure 17). In group II

(nicotine 1.P): ulcers appeared extending deep in the
mucosal layer. Complete shedding of the surface mucosal
cells leaving the walls and also the opening of gastric
pits giving the picture of a honeycomb (Figure 18) . The
epithelium appeared destructed with high magnification
(Figure 19). In group III (nicotine +royal jelly) the mucosa
appeared normal like control group (Figures 20,21).

Ulcer Index

In group II (nicotine) the index was (110.217) which
was higher than group 3 (nicotine+royal) (20.06).

24% of ulcers in the nicotine group were of grade 2
(deep ulcer) while 76% were of gradel (spot ulcer).

Morphometric study

Mucosal thickness: (Graph 1) the mean thickness of
control group I was 6.0312+70.68582 pixel, while the mean
thickness of group II (nicotine) was 3.6962E2+130.56113
pixel, there is a very highly significant decrease in
thickness from the control to the nicotine group (p<.000),
the thickness in group III (nicotine I.P +royal jelly) was
6.7440E2 + 55.37147 pixel, with a very high significant
increase from group II (p<.000), but there is a highly
significant increase of group III more than the control
(p=<.003) (Chart 1).

With ANOVA, test there is a very highly significant
change between groups (p=0.000).

Collagen percent: (Graph 2): The mean collagen
percent of control group is 3.8200+ 1.27118%, there is
very highly significant increase in the percent in group
IT 8.0200+.60444 % than control p<.003.There is a non-
significant decrease in collagen percent in group III
7.72204.50791 than group II: p<.4. But, there is a highly
significant increase in the royal group than the control.
p<.000 (Chart 2).

Fig. 1: A photomicrograph of a longitudinal section of the gastric mucosa
showing the normal appearance of long tubular glands formed of isthmus
(I), neck (N) and base (B).Gastric pits opening in the lumen appears as
(arrows). Lamina propria is also seen (L) (H&E x100).
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Fig. 2: High magnification of a section in the fundic gland of the
stomach of the control group showing normal appearance mucous surface
columnar epithelium (M).mucous neck cells(N) and Parietal cells (P) (H
&E x 400).

Fig.3: A photomicrograph of the base of fundic glands of control group
showing more chief cells(c),and less parietal cells. (H&E x400).

Fig. 4a: A photomicrograph of a longitudinal section of gastric mucosa
of group 2 (Nicotine) showing erosion on the surface (arrow) superficial
ulcer reaching the neck and deep ulcer down to the base of the gland(stars)
(H&E %100).

Fig. 4b: A photomicrograph of a longitudinal section of gastric mucosa of
group II (Nicotine) showing deep ulcer reaching the lamina propria(U),the
tissue around the ulcer appeared destructed (arrows) (H&E x100).

Fig. 5: High magnification of gastric gland of the nicotine group showing
a deep ulcer (U)., degeneration of mucous cells (M) with pyknotic
nuclei(arrows)appeared.Parietal cells(p) on the edges of the ulcer appeared
degenerated and detached from basement membrane. (H&Ex400).
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Fig. 6: A photomicrograph of a section of the base of the gland showing
the ulcer reaching base of the gland (U), degeneration of parietal(p)
and chief cells(c ),with distortion of the shape of the gland are seen.
(H&Ex400).

VR o

Fig. 7: A photomicrograph of a longitudinal section of gastric glands of
group III treated with nicotine and royal showing regularly arranged
fundic gland with normal isthmus (I) ,neck (N)and base(B). Small
superficial erosion is seen (star) (H & E x 100).

F.8

Fig. 8: High magnification of group III showing nearly like normal

appearance of mucous cells (M) and parietal cells (p). (H&Ex*400).

Fig. 9: A photomicrograph of a longitudinal section of bases of gastric

glands. Parietal (p) and chief cells(c) appeared nearly like the control
group. (H&Ex*400).

Fig. 10: A photomicrograph of a longitudinal section of the gastric
mucosa of the control group showing lamina propria with few collagen
fibers (stars) (Masson x100).

Fig. 11: A photomicrograph of a longitudinal section in the gastric
mucosa of the nicotine group showing an increase in the collagen fibers
in the lamina propria (stars), notice erosions on the surface (arrows)
(Massonx100).
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Fig. 12: A photomicrograph of a longitudinal section in the gastric
mucosa of the Royal group showing less collagen fibers than the nicotine
group (stars) (Masson x100).

Fig. 13: A photomicrograph of a longitudinal section of the gastric
mucosa in the control group showing: a strong positive reaction on the
surface of the gastric glands and filling the pits, a moderate reaction on
the neck is also noticed (arrows). (PASx100).
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Fig. 14: A photomicrograph of a longitudinal section of the gastric
mucosa in the nicotine group showing a thin interrupted mucous film
on the surface and neck (arrows). Notice erosions on the surface (stars).
(PASx%100).
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Fig. 15: A photomicrograph of a longitudinal section of the gastric
mucosa in the Royal group showing near normal appearance of mucous
film on the surface (positive reaction) extending to the neck (arrows)
(PASx100).
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Fig. 16: A scanning electron photomicrograph of the gastric mucosa of
the control group: showing a normal velvety appearance of the surface
with pits which invaginated into it (arrows). (x500).

15kY X1.358 18pm BEB8AE1G6

Fig. 17: A scanning electron micrograph of the control group showing
intact cells (stars) with an intact pit (arrows) (x1.500).

S58pm

BaBaaA1l ¥

Fig. 18: A scanning electron micrograph of the nicotine group showing
wide pits (stars) and a shedding of epithelium (arrows) giving a
honeycomb appearance (x500).
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Fig. 19: High magnification of mucosa showing destruction of the 000
mucosa with wide pits (arrows),areas of ulcers (stars) ,and the surface
epithelium appears destructed (S) (x1.500). E 700
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Fig. 20: A scanning electron microscope of gastric mucosa after royal 2
intake showing a healthy surface (stars) with normal pits (arrows)(x500).
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Chart 1: Mucosal thickness between the different groups
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Fig. 21: High magnification of the gastric mucosa showing healthy

epithelial cells (stars) with intact pits (arrows). (x1.500). Chart 2: Collagen percent between the different groups
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DISCUSSION

The main factor in gastric ulcer formation is s defect in
the balance between the defensive factors such as mucus-
bicarbonate phospholipid barrier which constitutes the
first line of mucosal defensel?. This barrier is formed of
phospholipids and bicarbonate which protect the gastric
mucosa against penetration of gastric acid , pepsin and
any other proteolytic agent!*3-433),

Injection of I.P nicotine to the experimental rats in the
current study resulted in gastric ulceration, and shedding
of the superficial epithelial cells. The cells became
degenerated.

Nicotine causes ulcerogenesis which are difficult
to heal® ndue to many factors such as inhibiting
prostaglandins production, and increasing the production
of free radicals reactive oxygen species but gastric acid
secretion is regarded as one of the major aggressive factors
in ulcer formation®®”!,

The nicotine-induced free radicals react with
bio membranes causing oxidative destruction of
polyunsaturated fatty acids . This resulted in pathogenesis of
anumber of diseases®*3?). Gastric and intestinal metaplasia
is one of the major hazards of nicotine as reported by
Morais et al.,[*%.

L.P. nicotine injection could also be attributed to
stimulation of gastrin-secreting cells in and outside the
stomach compared with the control group. Nicotine
cause elevations in circulating adrenal catecholamine
concentrations, as it was reported by other researchers?!.

Wong et al 7 found that 10 days of nicotine
administration decreased the mucous in mucosal layer in a
dose-dependent manner in rats, suggesting that nicotine in
cigarette smokers could decrease the synthesis of mucous
,and so affect the defensive mechanism of the stomach.

Other studies revealed that cigarette smoke and
nicotine reduced the levels of epidermal growth factor and
prostaglandins, which they are the factors essential for the
repair of gastric ulcers*?. Furthermore, nicotine causes a
reduction in the gastric mucosal blood flow and the mucus
volume!*#41,

Royal jelly administration showed a protective effect
against most of ulcers, this was agreed with!"* who proved
that royal jelly (dose dependent) improved gastric ulcers
done by omeprazole. Also Belostotskii et al.** revealed that
royal jelly has a healing effect on different ulcers. Mostafa
et al., showed that RJ decreased ulcers in GIT caused by
diclofenac®. Kaynar et al., described the efficacy of RJ
against methotrexate-induced small intestine damage in
ratst e,

In this study collagen amount which appeared in
inflammation increased in nicotine group as seen by
masson stain. This means more inflammation in this group.
This was agreed by Ali et al., who studied effect of nicotine
on coronaries and said that inflammation which appeared

by masson stain increased with nicotine™”. Nada et al.,
studied the effect of aspirin on gastric mucosa revealed
that collagen fibers increased as a response of the cells to
inflammatory effect of aspirin , while it showed significant
decrease after using Platelet Rich Plasma which mean less
fibrosis and more regeneration,

Ghonimi et al., who studied the protective effect of RJ
against tartrazine induced ulceration and found that the
groups treated with RJ its results were nearly normal in
Masson staint*’),

On the other hand, Liu et al., who studied the
gastroprotective effects of chebulagic acid against ethanol-
induced gastric injury revealed that with Masson stain,
the collagen fibers decreased sharply as an inflammatory
response in mucosa to ethanol, while the fibers increased
as a reverse to damage of mucosa and its micro vessles
after using of chebulagic acid®"!.

The periodic acid-Schiff (PAS) staining results showed
a week reaction (a decrease of the mucous film) in the
gastric glands of the rats injected I.P nicotine approving
its necrotic effect on the mucous secreting cells, while the
group treated with the royal jelly has a positive reaction
(a well mucosal film) which suggests the gastro-protective
activity of it.

These results are in agreement with several other studies
that showed a significant increase of gastric mucus in rats
which were treated with the various natural compounds
against agents the induced gastric mucosal injury®®!l.

These results were also in line with those oft? who
demonstrated that RJ protected the mucosa of the colon
against acetic acid-induced injury .

Scanning electron microscope showed that rats received
nicotine showed ulcers ,this is agreed with Ali et al., who
showed that erosions and loss of epithelium appeared with
oral or I.P injection of nicotine!?l.

The ulcer index was used to evaluate the severity of
the ulcer. The ulcer index was higher in nicotine group in
comparison with royal group, which indicate the ulcerative
effect of nicotine, and the protective effect of royal against
ulcers.

In agreement with this Mostafa et al., who count ulcers
induced by diclofenac and explained that the number of
ulcers decreased in rats treated by royal jelly?.

RJ is a natural product which has protective components
against gastric lesions especially ulcers. The phenolic
compounds of RJ induce synthesis of prostaglandin
E, (PGE2), which is in contrary declined mucin liked
glycoproteins, via mucus secretion activitiest®>!.

It has been reported that, the RJ appears to have a
stimulant effect on gastric mucosa .One of the unique
compounds of royal jelly is a hydroxydicanoic unsaturated
trans fatty acids, which may act as a neurotrophic factor.
This compound may possibly have this proliferative effect
on the gastric mucosal®¥.
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CONCLUSION

Nicotine has a toxic effect on the gastric mucosa, and

the royal jelly has a protective role against it . More studies
are needed on effect of royal jelly against different toxins
on different organs.
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