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ABSTRACT

Introduction: 5-fluorouracil is a potent antimetabolite chemotherapeutic medication used for treatment of various
malignancies . Using this agent result in toxic effect mainly in the lining of digestive tract. To ameliorate 5 FU toxic effect
ginger was implicated in this study.

Aim of the Work: To evaluate the microscopic effect of 5-fluorouracil on gastric fundus mucosa in rat models . and to study
the possible beneficial role of ginger in the ameliorations of these changes.

Material and Methods: Forty-eight adult male albino rates were divided into four groups: group I (control), group II
received ginger orally in a dose of 200 mg/kg/day , group III received 5-fluorouracil (15 mg/kg) intraperitoneally and group
IV received 5 FU and Ginger as previous doses for 5 days. The fundic part of stomach was excised and subjected to light and
electron microscopic studies.

Results: In 5 FU treated group, the fundic gastric mucosa showed multiple areas of tissue loss , congested dilated blood
vessels and extravasated red blood cells and mononuclear infiltration were seen between fundic gland cells. Parietal cells
showed ballooned appearance, vacuolated cytoplasm, and pykontic nuclei. PAS/ Alcian blue stained sections showed marked
reduction in both alcian blue and PAS positive reaction. There was strong positive cytoplasmic reaction in the apical and
middle parts of the fundic glands for caspase 3 while large number of parietal cells were stained positive for Cox 2. These
histological findings were improved after ginger administration. Histomorphometric study revealed significant weight
reduction, increased mucosal ulcer depth, decreased mucosal thickness and increased number of parietal cells in 5 FU treated
group when compared to control group.

Conclusion: 5FU causes gastric damage in rat model. Ginger supplementation could be used to alleviate the damaging
pathological effect on gastric fundus.
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INTRODUCTION

Chemotherapy includes the use of cytotoxic agent
to eradicate neoplastic cancer cells in different organs!'.
These drugs had different routes of administration with
the main purpose of reaching therapeutic level in blood
stream!?!

5-fluorouracil is a  potent  antimetabolite
chemotherapeutic medication. It is commonly implicated
for treatment of various malignancies such as breast,
colorectal, liver, skin, head and neck cancersP. It is
activated by thymidine phosphrylase enzyme into fluoro
- deoxyuridylate which is capable of suppression of
thymidylate synthase, resulting in direct inhibition of
DNA synthesis. Additionally, it had cytotoxic effect which
exerted on cancer cells by preventing RNA synthesis™l.
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5-fluorouracil acts on both rapidly growing
neoplastic cancer cells and normal healthy cells without
differentiating between theml). Using this agent results
in toxic adverse effect such as myelosuppression,
cardiotoxicity, neurotoxicity, vomiting, diarrhoea,
mucositis manifestations!®. Mucositis symptoms appear
in the form of abdominal pain, bleeding and dysphagia
which can end with life threatening septicaemial”. Zingiber
officinale Roscoe (ginger) is an herbal supplement used in
traditional medicine. It was used for therapeutic purpose
in many conditions as nausea, vomiting, stomach-aches,
motion sickness and arthritis®®. Ginger is a plant of family
Zingiberaceae. Its dried form contains active constituents
of about 1-4% of volatile oils®. It contained three active
chemical ingredients such as gingerol, zingerone and
shogaol!'®. These compounds have been proved to have
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numerous beneficial effects including anti-carcinogenic,
anti-inflammatory, antioxidant, spasmolytic and anti-
ulcerogenic propertiest'12],

Some previous studies had reported that, ginger had
protective effects in aspirin induced gastric ulcers!!®! and
had a role in protection of indomethacin- (one of the non-
steroidal anti -inflammatory drugs) (NSAID) induced
gastric damagel.

Keeping all the above in mind, the present study had
been carried out to evaluate the microscopic hazardous
effect of 5-fluorouracil on gastric fundus mucosa using
male rats model. It also elucidates the possible beneficial
role of ginger in the ameliorations of these changes.

MATERIAL AND METHOD

Animals

For this study, forty-eight adult male albino rates were
selected from breeding animal house present in Faculty of
Medicine, Menoufia University, weighting (180-200 gm).
They were housed in cages under hygienic situation and
kept at room temperature. The rat diet consisted of standard
food and tap water ad labium.

Drugs and Chemicals
5-flurouracil

Vial contained 500 mg/ 10 ml obtained from EIMC
United Pharmaceuticals Company, Bader city, Cairo
— Egypt (A.R.E). In the resulting solution, each 1 ml
contained 50 mg 5-FU which was diluted in 4 ml distilled
water for the calculated dose for the use immediately just
subsequent to dilution.

Ginger

Zingiber officinale Roscoe (ginger) was obtained in
the form of crude dried materials from a local hypermarket
from Menoufia, Egypt. The estimated dose was suspended
in 4 ml of 1% carboxymethylcellulose (was obtained from
Sigma —UK) in water.

Experimental Design

The experiment was designed according to guidelines
approved by Ethical Committee of Menoufia University.
The rats were randomly divided into four groups of equal
number (12 animals in each)

Group I: was served as control group. In this group,
rats were received 1% carboxymethylcellulose in water
(vehicle) orally during the duration of experiment. It was
obtained from (Sigma — Adrich, Poole, UK). Each animal
received 0.8 ml carboxymethylcellulose (1%).

Group II: (Ginger treated group) rat administered
ginger powder in a dose of 200 mg/kg body weight
dissolved in 4 ml of 1% carboxymethylcellulose in water
for 5 days!"3). Each animal received 0.8 ml/ day for 5 days.

Group III: (5-fluorouracil treated group) rats received
5-fluorouracil (15 mg/kg) injected intraperitoneal for

5 days!"l. After dilution each animal received 0.3 ml of
S-fluorouracil.

Group IV: (Ginger and 5-fluorouracil treated group)
animals in this group were administered ginger powder
dissolved in carboxymethylcellulose in water in a same
dose as group II followed by intraperitoneal injection
of 5-fluorouracil of same dose as group III for same
experimental duration.

On day six, 24 hours after the final dose of drug intake,
using an electronic balance, the rats were weighted in grams.
They were sacrificed by using ether. From each animal,
the fundic part of stomach was selected and excised using
scissors. Exposure of the mucosal surface of the stomach
was obtained by incising the greater curvature. The gastric
tissues were subjected to the subsequent studies:

1- Light microscopic study

I- Hematoxylin and Eosin stain: The gastric specimens
were fixed in 10% formol saline then processed to get
paraffin blocks. From each block, sections of 5 um thickness
were obtained and subjected to hematoxylin and eosin stain
to demonstrate the general gastric architecturel'.

II- Histochemical stain: Paraffin gastric sections were
subjected to Alcian blue stain for detection of mucin then
the sections were stained with (PAS) Periodic acid shief
stain to reveal the glycogen content!',

III- Immunohistochemical stains: For the present
study, from each paraffin block, tissue sections of 5 pm
thicknesses were obtained and subjected to immunostain
using antibodies for cyclooxygenase 2 and caspase 3.
Briefly, sections were fixed on glass slides mounted by
pol-L-lysin then heated overnight at 37 ° C subsequently
deparaffinized using xylene. Later, sections were rehydrated
in descending grades of alcohol. To block endogenous
peroxidase, the slides were heated in microwave oven using
hydrogen peroxide solution (3%) for 5 minutes. The slides
were primarily treated with trypsin solution (Img in 150ml
Tris-HCI, 0.05M, pH 7.6) for 15min at room temperature.
Antigen retrieval technique using citrate buffer (0.01M, pH
6.0) and microwave heating was performed. The tissues
were incubated overnight at 41 C with cyclooxygenase 2
antibodies using COX-229 Mouse monoclonal antibodies
diluted as 1:100 obtained from Cayman Chemical Co. (Ann
Arbor, MI, USA)!S!, Regarding to caspase 3 immunostain,
caspase-3 expression was revealed by use of a peroxidase-
conjugated rabbit monoclonal antibody IgG (Cell signaling
Technology, Ipswich, MA) at dilution 1:2000'¢.

Sections were washed and incubated at room
temperature for 30 minutes with streptavidin biotin
peroxidase complex obtained in the form of (Strept-
ABComplex, Dako, and Carpinteria, CA, USA). Finally,
diaminobenzidine DAB peroxidase tablet was utilized
as chromogen. Both caspase 3 and cox 2 immunostains
were counterstained with hematoxylin stain. For obtaining
negative controls, primary antibodies were by omitted.
Normal lymphoid tissue was used as positive control!'¢),
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2- Electron microscopic study

For scanning electron microscopy (SEM), the fundic
gastric specimens were cut into small pieces of about
1 cm length. Each specimen was immersed in 1%
paraformaldehyde and 2.5% buffered glutaraldehyde
in 0.1 M phosphate buffer at pH 7.2 for 2 hours at 4°C.
Small pieces of about 5x5 mm were obtained by cutting the
fundic gastric specimens into smaller pieces. Post fixation
in 1% Osmic acid for (30min). These pieces were washed
three times by 0.1 M phosphate buffer (ten minutes each)
then kept in 1% osmic acid for 30 minutes. Later, Washing
the specimens three times with PBS (10 min. each), then
dehydrated with ascending series of ethyl alcohol (30, 50,
70, 90% and absolute alcohol) infiltrated with acetone,
each concentration for 30 min. Moreover, In SEM, samples
were dried in SPI supplies®, critical point drying machine
using liquid CO2. Then mounted on aluminum stubs,
coated with gold in a SPI- Module ™ Vac/ Sputter. Finally,
The gold coated pieces were examined and photography
using JEOL, JSM- 5200 LV scanning electron microscope,
Japan present in Electron microscope Unit, Faculty of
Medicine, Tanta University!'”-'8].

3- Histomorphometric study

Haematoxylin and eosin stained photomicrographs of
x 200 magnification were used for measurements. Each
photomicrograph was imported and opened in J image
software (J 1.47., Java source, USA) for histomorphometric
analysis. Each photomicrograph was imported, opened in J
image software and calibrated in micron for measurement
of gastric mucosa thickness!"”! and gastric ulcer depth.
Cyclooxygenase 2 stained photographs at magnification
of x200 were used for calculation and measurement
of immune-positive parietal cells. 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

In each group, the numerical data in the form of rat mean
weight in gram, fundic mucosal thickness in microns, ulcer
depth in micron and parietal cells number 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 11 (SPSS, Inc., Chicago, USA.) on an
IBM compatible computer. In all statistical analysis P<0.05
was taken as the level of significance?”

RESULTS

Light microscopic results

Group I (the control group): H and E stained sections
of the fundic mucosa of the stomach was formed of surface
columnar epithelial cells, lamina propria and muscularis
mucosa. The lamina propria was occupied by numerous,
straight, tubular fundic glands which were perpendicular

to the surface and separated by minimal amounts of loose
connective tissue (Figure 1). The fundic glands consisted
of ismuth which open to the surface by short pit, middle
part called neck and basal part. The lining epithelium
was formed of mucous secreting columnar cells with pale
cytoplasm and basal oval nuclei. Mucous neck cells with
flat basal nuclei and pale foamy cytoplasm. Parietal cells
appeared large polyhedral with acidophilic cytoplasm
and central rounded nuclei with prominent nucleoli. The
chief cells (peptic) were located basally and appeared low
columnar with basophilic cytoplasm and basally located
nuclei, giving the basal part of the gland its dark appearance
(Figure 2)

PAS/alcian blue stained sections showed strong
positive alcian blue reaction in the region of mucous neck
cells with faint reaction on the rest of the gastric gland's
cells. The surface columnar mucous secreting cells had
strong positive PAS reaction. Also thick prominent mucous
barrier appeared covering the surface (Figure 3)

On Immunohistochemical staining for Caspase 3 the
sections showed weak to negative cytoplasmic Caspase 3
reaction all over the cells of the glands (Figure 4). Mild
cytoplasmic immunoreactivity for Cox 2 was seen in few
numbers of the parietal cells in the fundic glands of this
group (Figure 5)

Group II (ginger treated group): On examination of
sections under light microscopy; the fundus of the stomach
after ginger administration showed similar picture to that of
group I (control), as it didn't reveal any histopathological
changes.

Group III (5 - fluorouracil treated group): Microscopic
examination of HandE stained sections of the fundic
gastric mucosa showed variable degrees of mucosal
lesions. Some sections revealed multiple areas of tissue
loss with widening between the fundic glands. Congested
dilated blood vessels were noticed between fundic gland
cells and also in the lamina propria (Figure 6). Other
sections showed exfoliation of the superficial gastric
epithelium. Parietal cells showed ballooned appearance,
vacuolated cytoplasm, and darkly stained pykontic nuclei.
While the basal part of the gland was disorganized, dilated
with thinning of its lining epithelium. Chief cells reveled
different appearances, some appeared flat with flat deeply
stained nuclei, others showed foamy vacuolated cytoplasm
(Figures 7 and 8).Some glands in the basal part appeared
atrophied. Mononuclear cellular infiltrate in the lamina
propria were seen in some sections. Others showed
aggregated lymphoid cells in the form of follicles in lamina
propria and extending to the basal part of the fundic gland
(Figures 9 and 10)

PAS/ Alcian blue stained sections showed marked
reduction in both alcian blue and PAS positive reaction
(Figure 11a). In some area, an apparent alcian blue weak
positive reaction was seen in the middle part of the glands
(Figure 11b)
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For the Immunohistochemical staining for group III, it
reveled strong positive cytoplasmic reaction in the apical
and middle parts of the fundic glands and weak to moderate
cytoplasmic reaction in the basal part for caspase 3
(Figure 12). On examination of Cox 2 sections, it showed
strong cytoplasmic immunoreactivity for Cox 2 in large
numbers of parietal cells in comparison to control group
(Figure 13).

Group IV (5-fluorouracil and ginger treated):
Microscopic examination of HandE stained sections
showed that the fundic mucosa appeared more or less normal
compared with control group. The mucosa appeared intact
with regularly arranged fundic glands. The lining cells
of the fundic gland were composed of surface columnar
cells that appeared normal concerning their cytoplasm
and nuclei (Figure 14). Parietal cells were seen with their
rounded shape, acidophilic cytoplasm and central vesicular
nuclei. Mucous neck cells occupying the middle part of the
gland with their characteristic basal flattened nuclei and
pale foamy cytoplasm were also seen. Only few affected
parietal cells and little extravasated blood cells were seen
(Figure 15). The basal part of the fundic gland reveled
chief cells with apical acidophilia and basal basophilia in
their cytoplasm. Also few mononuclear cellular infiltration
and congested vessel were noticed (Figure 16)

Examination of PAS/ alcian blue stained sections
revealed apparently normal mucous barrier. PAS positive
reaction in the apical part of the fundic mucosa was
noticed, whereas the mucous neck cells showed positive
alcian blue reaction with faint reaction all over the rest of
the gland (Figure 17)

By Immunohistochemical staining for Caspase 3,
the sections of fundic glands revealed weak to negative
cytoplasmic Caspas 3 reaction all over the gland's cells
(Figure 18). Strong cytoplasmic immunoreactivity for Cox
2 was noticed in a large numbers of parietal cells compared
to group I (Figure 19).

Electron microscopy results

Scanning electron microscopic (SEM) photograph
of the fundus of the stomach of the control group
(group I) showed intact mucosal surface which was
interrupted by small opening of gastric pits, surrounded by
mucous surface cells .Masses of mucous aggregation were
seen scattered on the mucosal surface (Figure 20).

Scanning electron microscopic photograph of the
fundus of the stomach of the ginger treated group (groupll)
showed no difference from the control group (group I).

Scanning electron microscopic photograph of the
fundus of the stomach of the 5-fluorouracil treated group
(group III) showed ulcer extending deep in the mucosal
layer. Complete shedding of the surface mucosal cells
leaving the walls and the opening of gastric pits in the
picture of honeycomb (Figures 21 and 22). Also necrotic
tissue emerging from dilated gastric pits and scattered on
the surface was noticed. The ulcer was seen extending deep

to the level of muscularis mucosa (Figure 23).

Scanning electron microscopic photograph of the
fundus of the stomach of the 5-fluorouracil and ginger
treated group (group IV) showed apparently normal
architecture of gastric mucosal surface (Figure 24).

Morphometric and Statistical Results

Morphometric analysis showed high significant
reduction (P < 0.001) in the final animal body weight
in group III (after administration of 5-fluorouracil) as
compared to group I and group II. Also showed significant
reduction (P <0.05) in the final body weight in group IV
(after intake of both 5fluorouracil and ginger) as compared
to group I and group II. There was a significant increase
(P<0.001) in final body weight in group IV as compared to
group III. (Table 1 and graph 1)

Highly significant increase (P < 0.001) in depth of
fundic gastric mucosal ulcers in group III when compared
to group I and II and non-significant increase (P > 0.05) in
group IV when compared to group I and II was found. Also
highly significant decrease in the depth of mucosal ulcer
(P<0.001) was found in group IV when compared to group
III. (Table 2 and graph 2).

Asrevealed in (Table 3 and graph 3), a highly significant
reduction (P < 0.001) in mucosal thickness of stomach
fundus of 5-fluorouracil treated rats (group I1I) compared to
group I and II. While, non-significant difference in fundic
gastric mucosal thickness was recorded in group IV when
compared to group I and II. A highly significant increase
in the fundic gastric mucosal thickness was recognized in
group IV as compared to group III.

The number of parietal cells is significantly increased
(P < 0.001) in group III as compared to group I andIl.
Significant increase in the number of parietal cells in group
IV as compared to group I and II, and non-significant
difference between group VI and group III was recorded.
(Table 4 and graph 4)

W U SN Lﬁ ; i
Fig. 1: A photomicrograph of a section in the fundic mucosa of
the stomach of control group showing numerous, straight, tubular
glands which are perpendicular to the surface. Fundic glands
consist of gastric pit (Pi), ismuth (I), neck (N), and base (B).
Lamina propria (—) can be seen. (Group I; H & E x 200)
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Fig. 2: A photomicrograph of a section in the fundic mucosa of
the stomach of control group showing apical surface columnar
epithelium (S), mucous neck cells (—) with flat basal nuclei
& pale foamy cytoplasm. Parietal cells (P) appeared large
polyhedral with acidophilic cytoplasm & central rounded nuclei
and prominent nucleolus. Chief cells (C) with basal nuclei &
basophilic cytoplasm are present in the basal part of the gland

giving its dark appearance. (Group I; H &E, x 400)

Fig. 3: A photomicrograph of a section in the fundic mucosa of
the stomach of control group showing mucosal surface covered
with prominent mucous barrier (MB). The apical part is showing
strong positive PAS reaction. There is strong positive alcian
blue reaction in the region of mucous neck cells (—) with faint
reaction of gastric cells in the middle and bottom of the gland

(»). (Group I; PAS / Alcian blue, x 200)

L s .

Fig. 4: A photomicrograph of a section in the fundic mucosa
of the stomach of control group showing negative cytoplasmic
Caspase 3 reaction in most of the fundic glands cells. (Group I;

Caspase 3 immunostain, x 200)

Fig. 5: A photomicrograph of a section in the fundic mucosa
of the stomach of control group showing mild cytoplasmic
immunoreactivity for Cox 2 in a few numbers of parietal cells

(—). (Group I; Cox 2 immunostain, x 400)

Fig. 6: A photomicrograph of a section in the fundic mucosa of
the stomach of group III showing multiple areas of tissue loss
(—) & widening between the fundic gland (*). Congested dilated
blood vessels (V) between the glands and in the lamina propria

are also seen. (Group III; H & E, x 200)
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Fig. 7: A photomicrograph of a section in the fundic mucosa of
the stomach of group III showing exfoliation of the superficial
gastric epithelium (*). Notice the surface epithelial cells with
deep acidophilic cytoplasm and darkly stained flat nuclei (—).
Parietal cells (P) showing vacuolated cytoplasm. (Group III; H

& E x 400)
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Fig. 8: A photomicrograph of a section in the fundic mucosa
of the stomach of group III showing loss of superficial gastric
mucosa (red arrow), exfoliation of cells (*) and extravasated
red blood cells between the fundic glands (P). Basal part of the
gland showing disorganization, dilatation & thinning of its lining
epithelium (black arrow). Some chief cells (C) appeared flat with
deeply stained flattened nuclei, others showing foamy vacuolated
cytoplasm (CV). Mononuclear cellular infiltration (m) is noticed
in the lamina propria and in between fundic glans. (Group III; H

& E, x 400)

Fig. 9: A photomicrograph of a section in the fundic mucosa
of the stomach of group III showing tissue loss (*), ballooned
vacuolated parietal cells with pykontic nuclei (—) were seen.
The basal glandular part is distorted & lined by chief cells with
vacuolated basophilic cytoplasm and deeply stained flat basally
located nuclei (CV). Mononuclear cellular infiltration is also

noticed (red arrow). (Group I1I; H&E, x400)

Fig. 10: A photomicrograph of a section in the fundic mucosa of
the stomach of group III showing some atrophied gastric glands
(G) with aggregated lymphoid cells in the form of follicle (F).
Exfoliated cells are seen in the lumen (—). (Group III; H&E, x

400)

-

Fig. 11: A photomicrograph of a section in the fundic mucosa of
the stomach of group III showing: (A) Obvious reduction in both
alcian blue (—) & PAS positive reaction can be seen. Notice the

area of tissue loss (*).

[ :

Fig. 11: A photomicrograph of a section in the fundic mucosa of
the stomach of group III showing: (B) Apparent weak alcian blue
positive reaction in the middle of the glands. (Group III: PAS /

Alcian blue, x 200 &100)

Fig. 12: A photomicrograph of a section in the fundic mucosa of
the stomach of group III showing strong positive cytoplasmic
Caspase 3 immune reaction in the apical & middle parts of the
gland (—), weak to moderate Caspase 3 reaction in the basal part
of the gland in comparison control group. (Group III; Caspase 3

immunostain, x 400)
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Fig. 13: A f)hotomicrograph of a section in the fundic mucosa of
the stomach of group III showing large numbers of parietal cells
with positive cytoplasmic Cox 2 reaction (—) in comparison to

control group. (Group III; Cox 2 immunostain, x 400)

Fig. 14: A photomicrograph of a section in the fundic mucosa of
the stomach of group VI showing regularly arranged fundic gland
(G), intact lamina propria (LP). Gastric glands are seen lined by
surface columnar epithelium (—), mucous neck cells (red arrow),
parietal cells (P) & chief cells (C) in the basal parts. (Group VI;

H & E x 200)

Fig. 15: A photomicrograph of a section in the fundic mucosa of
the stomach of group VI showing intact mucosa lined by surface
columnar cells with basal oval nuclei (S). Parietal cells (P)
appeared rounded with acidophilic cytoplasm & central vesicular
nuclei; notice few parietal cells showing vacuolated cytoplasm
(—). Mucous neck cells with its characteristic basal flat nuclei &
pale foamy cytoplasm are also noticed (). Little extravasated

blood can be seen (red arrow) (Group VI; H &E, x 200)

Fig. 16: A photomicrograph of a section in the fundic mucosa
of the stomach of group VI showing the basal part of gastric
glands lined by chief cells ( C ) with basal basophilic and apical
acidophilic cytoplasm. Congested blood vessel (CV) & few

mononuclear infiltrations are seen (—) (Group VI; H &E, x 400)

Fig. 17: A photomicrograph of a section in the fundic mucosa of
the stomach of group VI showing mucosal surface covered by a
continuous mucous coat (MB). The apical surface cells showing
PAS positive reaction whereas the mucous neck cells showing
positive alcian blue reaction (—) with faint reaction all over the

rest of the mucosa. (Group VI; PAS/ Alcian blue, x 200)
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Fig. 18: A photomicrograph of a section in the fundic mucosa of

the stomach of group VI showing negative cytoplasmic Caspase
3 reaction in most of gastric gland cells. (Group VI; Caspase 3

immunostain, x 200)
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Fig. 19: A photomicrograph of a section in fhe fundic mucosa
of the stomach of group VI showing intense cytoplasmic
immunoreaction for Cox 2 large number of parietal cells (—)

(Group VI; Cox 2 immunostain, x 400)

Fig. 20: Scanning electron photomicrograph of the fundus of
the stomach of control (group I), showing intact surface with
appearance of gastric pits (white arrow) surrounded by mucous
surface cells. Notice small mucous masses scattered on the

surface (yellow arrow). (Group I; SEM, x1000)
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Fig. 22: Scanning electron microscopic photograph of the fundus
of the stomach of (group III), showing honeycomb picture of

mucosal surface (white arrow). Debris inside the dilated gastric
pits is noticed (yellow arrow). (Group III; SEM, x400)
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Fig. 23: Scanning electron microscopic photograph of the fundus
of the stomach of (group III), showing deep mucosal ulcer
reaching up to muscularis mucosa (white arrow). Debris is seen
on the surface as well as deep in the ulcer (yellow arrow). (Group

IIL; SEM, x 2500)

Fig. 21: Scanning electron microscopic photograph of the fundus
of the stomach of (group III), showing wide ulcer in the mucosal
surface extending deep in mucosal layers (U). Complete shedding
of surface mucous cells leaving the walls and opening of the
gastric pits with the shape of honeycomb (—). (Group III; SEM,

x400)

Fig. 24: Scanning electron microscopic photograph of the
fundus of the stomach of (group IV), showing preserved normal
architecture of gastric mucosal surface. Gastric pits (white arrow)
surrounded by surface mucous cells are seen. Mucous masses are

also noticed (red arrow). (Group 1V; SEM, x 2500)
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Table 1: Comparison between the mean values of the final body weight of animals in the studied groups

Group IT Group III Group IV
Group I (control) (Ginger treated) (5 -fluorouracil treated) (5 fluorouracil + Ginger treated) Ftest Povalue
+
Mean £ SD of the final 205.2+1.64 204.2+1.6 170.3+0.96 196.8+1.22
body weight in grams
P1=0.084 P2=0.001 P3=0.03 2623 0.001
Povalue P4=0.001 P5=0.045
P6=0.001
P1: Group I vs Group II ~ P2: Group I vs Group III P3: Group I vs Group IV P4: Group II vs Group III P5: Group II vs Group IV
P6: Group III vs Group IV P value > 0.05 = Non significant P value < 0.05 = Significant P value < 0.001 = Highly significant
Final body weight in grams
250 205.2 204.2 196.8
170.3
200
150 -
100 -
50 4
4] T T T v
Group | Group Il Group Il Group IV
(control)
Graph 1: Mean values of the final body weight of animals in the studied groups
Table 2: comparison between the means of the fundic gastric mucosal ulcer depth in microns between the studied groups
Group II Group III Group IV
Group I (control) (Ginger treated) (5 -fluorouracil treated) (5 fluorouracil + Ginger treated) F. test Pvalue
+
Mean £ SD of the 0.525+0.171 0.85+0.287 128.758+1.206 0.55+0.25
ulcer depth in micron
P1=0.254 P2=0.001 P3=0.924 92581.421  0.001
P.value P4=0.001 P5=0.256
P6=0.001

P1: Group I vs Group II
P6: Group III vs Group IV

P2: Group I vs Group III P3: Group I vs Group IV P4: Group II vs Group III PS5: Group II vs Group IV
P value > 0.05 = Non significant P value < 0.05 = Significant P value < 0.001 = Highly significant

140
120
100

80
60
40
20

Ulcer depth in micron
128.758
i 0.525 0.85 0.55
4 4
Group | Group Il Group 11l Group IV
(control)

Graph 2: Mean values of fundic gastric mucosal ulcers depth in the studied groups
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Table 3: Comparison between the mean values of fundic gastric mucosal thickness in the studied groups

Group II Group III Group IV
Group I (control) (Ginger treated) (5 -fluorouracil treated) (5 fluorouracil + Ginger treated) Ftest Pvalue
Mean + SD OF THE
mucosal thickness 248.2+3.4 235.6+34.9 184.95+1.057 224.9+2.9
in micron
P1=0.087 P2=0.001 P3=0.002 10275.392  0.001
Pyvalue P4=0.001 P5=0.145
P6=0.001

P1: Group I vs Group II ~ P2: Group I vs Group III P3: Group I vs Group IV P4: Group II vs Group III PS5: Group II vs Group IV
P6: Group III vs Group IV P value > 0.05 = Non significant P value < 0.05 = Significant P value < 0.001 = Highly significant

Mucosal thickness in micron
248.2 e o
250
200
150 -
100 -
50 -
4] T T T T
Group | Group I Group Il Group IV
(control)

Graph 3: Mean values of fundic gastric mucosal thickness in the studied groups

Table 4: Comparison between the mean values of number of parietal cells in fundic gastric mucosa in the studied groups

Group II Group III Group IV

. . . . F. P.
(Ginger treated) (5 -fluorouracil treated) (5 fluorouracil + Ginger treated) fest value

Group I (control)

Mean = SD of the

. 60.125+1.218 58.45+0.79 65.243.04 66.91£1.3
number of parietal cells
P1=0.056 P2=0.001 P3=0.001 4337644 0.001
Povalue P4=0.041 P5=0.001
P6=0.52

P1: Group I vs Group II ~ P2: Group I vs Group III P3: Group I vs Group IV P4: Group II vs Group III PS5: Group II vs Group IV
P6: Group III vs Group IV P value > 0.05 = Non significant P value < 0.05 = Significant P value < 0.001 = Highly significant
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Graph 4: Mean values of parietal cells number in fundic gastric mucosa in the studied groups
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DISCUSSION

Intake of chemotherapy in different types of cancer
is accompanied with many adverse effects mainly in
gastrointestinal tract which result in morbidity associated
with chemotherapy treatment!*!). The gastric epithelium has
rapid turnover with more vulnerability to chemotherapy?2.
5-fluorouracil is a chemotherapeutic anti-metabolite agent
used as anticancer therapy with subsequent gastric and
intestinal injury in the form of mucositis and ulcers*.,

All these findings suggest the need for use of herbal
therapy to ameliorate the 5-fluorouracil effect, hence the
use of ginger in the present study. In previous studies, the
effect of ginger on peptic ulcer was demonstrated in animal
models*#l. Moreover, the mechanism of protective role of
ginger in gastric injury is still unclear. Hence, the aim of
the current study was to study the ameliorative effect of
ginger in 5-fluorouracil induced gastric injury in rat model.

In the present study, there was a significant reduction of
rat weight in 5 fluorouracil treated group when compared to
control group. The previous data was in accordance with the
work of some scientists, who reported weight reduction in
both foetuses of pregnant female rats as well as in pregnant
rats after their administration of 5- fluorouracil®!. They
stated that, weight reduction was dose related as increase
weight loss with increase uptake dose of chemotherapy.
This may be attributed to decreased digestive function due
to direct toxic effect of S-flurouracil in gastrointestinal
mucosa as well as multiple organ toxicity.

Microscopic examination of 5 fluorouracil treated group
showed dilated congested blood vessels and extravasated
red blood cells between fundic gland cells and lamina
propria. These findings were in line with the study of group
of scientists that showed extravasated red blood cells in the
gastric lamina propria after 5-FU administration in mice!*!.
Some scientists explained the enhanced gastric blood flow
due to disturbance in gastric microcirculation?®, Moreover,
other authors demonstrated decline in gastric mucosal
blood flow and increased submucosal and serosal flow!"!.

In the current study, variable degrees of fundic mucosal
lesion, multiple areas of tissue loss with exfoliation of
epithelium. These findings were in agreement with findings
reported by some authors, who studied the adverse effect
of repeated administration of 5-FU therapy in rat stomach
that caused the morphological and functional derangement
of the stomach and increased the mucosal vulnerability
against acid®. Other experimental work correlates
gastric ulcer to disturbance and defect in regulation of
gastric microcirculation with subsequent mucosal surface
hypoxia®!. Cellular hypoxia results in intracellular and
extracellular release of lysosomal enzymes which induce
their damage and enhance fragility of surface epithelium.
While, another study correlates ulcer formation to
suppression of cyclo-oxygenase production with resulting
inhibition of mucus secretion which impair important
gastrointestinal defensive mechanism”. The mechanism
of gastric ulcer and mucosal injury induced by 5-FU may

be attributed due to nuclear factor [NF-kB] activation with
resulting accumulation of active proteins in the sub mucosal
tissue in gastrointestinal tract which elicit inflammatory and
apoptotic response with subsequent increase in expression
proinflammatory cytokines as interleukin 1 and 6 leading
to mucosal injury and ulcer formation®",

Moreover, ulcer findings were confirmed by
morphometric measurements which showed highly
significantly increased in fundic gastric mucosal ulcer
depth and a significant reduction in gastric mucosal
thickness in 5-FU treated group when compared to control
group. These findings were in agreement with the work of
some scientists, who reported reduction in the thickness of
duodenal mucosa and villi height®2.

In the present study, the results revealed that, PAS/
Alcian blue stained sections of fundic gastric gland after
5- FU administration showed PAS/Alcian blue positive
reactions in the basal cells of the fundic gland and deficient
mucus layer in surface of gastric gland. Some scientists
explained this reaction due to defect in differentiation of
chief cell lineage to mucous cells?®*!. Another experimental
work attributed defective mucus biosynthesis due to
impaired gastric defensive factor because of suppression
of prostaglandin biosynthesis®®*. In group IV after ginger
administration, the fundic mucosa of the stomach showed
mucosal surface covered by a continuous mucous coat
which stained positive with PAS /Alcian blue stain. The
Scanning electron microscopic photos proved this result
denoted by presence of mucus masses overlying the gastric
surface pointing to increased mucus secretion. This finding
was in line with the results of a study done by group of
scientists, who explained increased mucus biosynthesis
due to cytoprotective effect of ginger as well as endogenous
secretion of prostaglandin®®*,

Mononuclear cellular infiltrate reported in the lamina
propria and extending to the basal part of the fundic
gland in 5-Fu treated group can be resorted to interaction
between mononuclear-endothelial cells as a result of
gastric injuryB®,

The results of the current study revealed different
appearance of chief cells. Some cells were flattened with
flattened nuclei, others with foamy cytoplasm. While the
parietal cells showed ballooned vacuolated cytoplasm
with dark pyknotic nuclei. These results were in line with
findings revealed by some authors, who reported same
effect after 5-FU injection.Such pathological changes may
be attributed to the toxic adverse effects of the chemotherapy
on the gastric cells™®. Degeneration and apoptosis of cells
on the basal part of fundic gland as well as parietal cells was
expressed as positive immunoreactivity to caspase 3 in the
parietal cells cytoplasm and cells present in the glandular
base as shown in the current study. Caspases represent
main constituent of mammalian cells apoptotic cascade. It
is a prominent mechanism for disposal of unwanted and
defective cells®”. One of the main members of caspase
family is Caspase 3 which sensitized as a result of tissue
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apoptosis with endonuclease activation and a sequalae of
DNA fragmentation®®l.

COX is the rate-limiting enzyme in the cascade of
synthesis of prostaglandin from its progenitor arachidonic
acid®’. There are two forms of COX; COXI1 and COX2.
COX2 is stimulated in epithelial cells of stomach in case
of in vitro growth stimulation and in vivo after damage
induced by acid?®**, The study done by a group of scientists
reported that the position and the morphology of the Cox
2 immunopositive cells in the gastric glands suggested
that these were parietal cells®*'); they also confirmed their
suggestion by electron microscopic study that demonstrated
Cox2 in parietal cell's smooth endoplasmic reticulum.
These findings goes with the results of the current study
as there was strong cytoplasmic immunopositivty for Cox2
at the site of parietal cells in the gastric glands treated with
5- fluorouracil. A significant increase in the number of
parietal cells with Cox 2 positive reaction in comparison
to control can be explained by the work of some scientists,
who reported high levels of Cox 2 m RNA during the acute
stages of gastric erosion and ulcers and combined that to
Cox 2 role in the repair process of these lesions*?. This
also explains the high significant increase in the number of
parietal cells in group VI when compared to control group.

Using scanning electron microscopic examination of
5-FU-treated rats showed loss of gastric mucosa leading
to irregular variable openings in the gastric pits leading
to honey comb appearance. The previous findings were
correlated with the work carried out some authors who
reported absent demarcation between gastric mucus cells
associated with multiple area of necrosis and umbilicated
depressed apices®??!. Other areas showed ulcers and
complete shedding of mucosa.

In the present study, examination of the rat gastric fundus
of group IV which received ginger with 5-FU reported near
normal fundic mucosal gland with still minimal flattened
parietal cells, mild extravasated and congested blood
vessels with smaller area of mononuclear infiltration. This
improvement of pathological changes can be explained by
ginger administration due to alleviation of the apoptotic and
inflammatory effect in gastric fundus and conserve against
gastric toxicity. There was a study that demonstrated that,
ginger intake protects against aspirin induced gastric ulcer
in rat!"3l, The research of some scientists explained gastro-
protective effect of ginger due to inhibition of inducible
form of nitric oxide synthase [iNOS] activity*l. Another
study, explained this protection as a result of decrease the
TNEF- and IL-1 expression in gastric cells and subsequent
inhibition gastric ulcers development™ 4,

The main compositions of ginger powder are
10-gingerol, 8-gingerol, 6-shogaol and 6-gingerol™.
Administration of ginger exhibited improvement of anti-
inflammatory property and preventing the injury to gastric
tissue. The experiments of some scientists revealed that
ginger oil administration has antisecretory effect as it
block the diffusion of hydrogen ions, and noted by the

reduction in total acidity as well as decreased volume of
gastric juice®®. Moreover, the ginger oil intake displayed
cytoprotecting effect because of increasing gastric mucus
wall thickness and reduction of serum y-GTP levels.

Administration of ginger stimulate the antioxidant
properties and suppress gastric injury as ginger is a strong
antioxidant plant which protects the rat blood from the side
effects of exposure to cadmium chloride and cadmium
chloride-induced oxidative stressi*). Some scientists
noticed that, Zingberaceae officinale, can decrease
oedema, and lipid peroxidation and increased the enzyme,
Super Oxide Dismutase (SOD) activity!”.

Thus, in the current work, ginger may ameliorate the
pathological effect of administration of 5-FU chemotherapy
through its anti-inflammatory and anti-oxidant properties.

CONCLUSION

5-FU causes gastric damage in rat model. Ginger
supplementation could be used to alleviate the damaging
pathological effect on gastric fundus. It can be supplemented
in diet for prevention of gastric injury and gastric disease.
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