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ABSTRACT

Background: The intestine is one of the most sensitive organs affected by radiation toxicity, that is why
mortality due to radiation enterocolitis stays a challenge. Recent studies had stated that ginger might
possess, anti-inflammatory, and antioxidant properties. The study aimed to explore the possible role of
ginger as a protective and as a therapeutic agent on the gamma irradiation induced enteropathy.
Material and Methods: Thirty six adult male albino rats were used in this study. The animals were
divided randomly into three groups: group I, control, group II; (gamma irradiated) each rat was exposed
to single exposure of 0.739 (11Gray/min) gamma radiation, group III; irradiated and given ginger extract,
it was further subdivided into two subgroups each of them was irradiated as in group II and given ginger
extract orally once daily in a dose of 120mg/kg. Subgroup Illa: received ginger extract seven days
before radiation while subgroup III b: received ginger extract fourteen days before and after radiation.
Jejunal specimens were collected from sacrificed animals and examined by light and scanning electron
microscopes. Morphometric study and statistical analysis were done.

Results: Group II as compared to control showed distortion and fusion of some villi. While the crypts
showed focal proliferation of its lining cells and invasion with inflammatory cells. Moreover, subgroup
I11a showed focal disruption of the crypts’ wall. Significant decrease in mean number of goblet cells and
significant increase in collagen fibers mean percentage area were noticed in group II compared to the
control. However, subgroup I1Ib showed restoration of most of the structure of the jejunal mucosa to
become comparably similar to control.

Conclusion: Ginger seemed to be a promising agent for amelioration of intestinal injury induced by
radiation.
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INTRODUCTION

Radiotherapy is considered to have an remain major problems for clinicians and accounts
important role in cancer treatment. Radiation- for the high morbidity and mortality rates among
induced enteropathy is a common and dangerous these patients. These complications were treated
problem with subsequent symptoms such as with medications, antibiotics, anti-inflammatory
diarrhea, and vomiting. The injury is progressive drugs, and hyperbaric oxygen which can lead to
and often reduces the quality of life for patients!'. interruption of the therapy®l.
Radiotherapy damage intestinal barrier function
and modifies its bacterial flora, intestinal The evolution of effective radio-protectors
motility and vascular permeability of mucosal and radio-recovery drugs is of great significance
cells. Hence, the intestine is one of the most putting into consideration their possible
sensitive organs affected by radiation toxicity!. application during exposure to both (radiotherapy)
Complications of abdominopelvic radiotherapy and (nuclear industry)®..
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GINGER'S EFFECT ON RADIATION-INDUCED JEJUNAL ENTEROPATHY IN RATS

The herbs use in cancer patients is uprising
as they are non-toxic, improve the immune
system, and can attack the cancer itself. Ginger
has a long history of medicinal use in various
cultures for treating common colds, nausea,
diarrhea, fever, stomach upset, to aid digestion,
rheumatic disorders, and dizziness®. Recent
studies had stated that ginger might possess anti-
inflammatory, antimicrobial, antioxidant and anti-
cancer properties!®.

Aim of the present work was to declare the
structural changes that might occur in the jejunal
mucosa after exposure to gamma radiation and the
possible ameliorative role of ginger as a protective
and as a therapeutic agent on these changes in a
rat model that might yield hopeful results.

MATERIAL AND METHODS

The experiment was carried out in the Animal
Research Center, Faculty of Medicine, Ain Shams
University, and the National Centre for Radiation
Research and Technology, Cairo, Egypt.

2.1 Animals:

Thirty six male albino rats weighing
230-250gm and aged about 2-3 months were
used in the current study. They were housed in
clean wire mesh cages, they had free access to
water and standard laboratory diet and were kept
under proper conditions of light, temperature
and humidity. The procedures were carried out
according to the guideline of Animal Care and
the Scientific Research Ethical Committee of the
Faculty of Medicine, Ain Shams University.

Acclimatization of the animals were
performed by keeping them for one week before
the beginning of the experiment.

2.2 Experimental protocol:

Rats were randomly divided into three
groups:

Group I (Control): this group comprised
18 rats that were further subdivided into three
subgroups six rats each:

Subgroup Ia: the untreated control group
they were sacrificed after 14 days.
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Subgroup Ib: rats were given ginger
extract (Sigma -Aldrich, St. Louis, Missouri,
USA) by oral gavage once daily at a dose of
120mg/kg dissolved in 1ml distilled water™ for 7
days and then they left for another 7 days without
any treatment and then they were sacrificed.

Subgroup Ic: rats were given ginger extract
the same dose as subgroup Ib for 14 days then
they were sacrificed.

Group II (Gamma irradiated): this group
comprised 6 rats , each rat was given 100 mg/kg of
ketamine hydrochloride as anesthetic (Pfizer, New
York, USA), positioned supine and then irradiated
with single exposure of gamma radiation to the
abdominopelvic area while the other parts of the
body were carefully shielded. It was performed
by cesium-137 ventilated gamma cell 40 with a
dose rate 0.739 (11Gray/min). After radiation
rats were recovered from the anesthesia®. The
irradiated rats were sacrificed after 7 days. The
irradiation was conducted in the National Centre
for radiation research and Technology.

Group III (Irradiated and Ginger): this
group comprised 12 rats they were further
subdivided into two subgroups each of them was
irradiated as in group II and given ginger extract
in a dose as in subgroup Ib.

Subgroup Il asix rats: (ginger pre-radiation):
received ginger extract 7 days before radiation
and then they left for another 7 days without any
treatment and then they were sacrificed.

Subgroup III b six rats: (ginger pre and post-
radiation): received ginger extract 7 days before
radiation and 7 days after radiation and then they
were sacrificed.

2.3 Sample Collection:

At the end of the experiment all animals were
anesthetized with 40mg / kg sodium pentobarbital
intraperitoneally. Cardiac perfusion with 20ml
of 4% paraformaldehyde fixative in phosphate-
buffered saline was done®’. Small pieces of jejunal
specimens were taken and cut longitudinally to
wash the mucosa with saline to remove the debris.
The specimens were then fixed for the following
histological studies:



Raafat and Shoukry

2.4 Light microscopic study (LM):

The specimens were fixed in 10% neutral
buffered formalin. Serial sections of Spum
thickness were stained with Hematoxylin and
Eosin stain (H&E), Periodic Acid- Schiff stain
(PAS) and Masson’s trichrome stain!'’l. Sections
were examined and photographed with Olympus
BX 40 light microscope (Olympus, Hamburg,
Germany) connected to a digital camera power
shot A640 (Canon Inc., Tokyo, Japan) at
Histology and Cell Biology Department Faculty
of Medicine, Ain Shams University.

2.5 Scanning electron microscopic study
(SEM):

Small pieces of the jejunum were fixed in
2.5% glutaraldehyde in phosphate buffered saline
(pH=7.4) for 24 hours. Tissues were then dried
using Bal-Tec CPD with liquid carbon dioxide,
and then sputter coated with gold using Bal-
Tec SCD/005. Samples were then mounted on
copper stub and viewed using scanning electron
microscope (Philips XL30) in the Anatomy
Department, Faculty of Medicine, Ain Shams
University!'!l.

2.6 Morphometric and Statistical studies:

The readings of five different randomly
selected non overlapping fields from five different
sections of five different rats were examined in
each group using the image analyzer Leica Q
win V.3 program installed on a computer in the
Histology & Cell biology department Faculty of
Medicine Ain Shams University. the following
parameters were measured

a) Number of goblet cells in jejunal villi in
PAS-stained sections.

b) Collagen fibers percentage Area in
Masson’s trichrome stained sections.

All measurements were taken at high-power
fields of magnification (x400). The collected
data were revised and then statistically analyzed
using one-way ANOVA performed by SPSS
21program (IBM Inc. Chicago, Illinois, USA).
The significance of the data was determined by
P value P>0.05 non-significant (NS), P<0.05
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significant (S). the data was summarized and
expressed as mean =+ standard deviation (SD).

RESULTS

The structure of jejunum of rats of all
subgroups of (group I) revealed nearly similar
structure in all different histological methods.

3.1 Light microscopic results:

The H&E stained sections of group I (control)
showed the jejunal mucosa formed of long
finger-like villi with a connective tissue core
extending from the lamina propria. Invaginated
crypts of Lieberkiihn were noticed spanning
the lamina propria. The submucosa was also
formed of loose connective tissue surrounded
by muscularis externa arranged as inner circular
and outer longitudinal smooth muscle fibers
(Fig. la). The villi were lined by columnar
acidophilic enterocytes with prominent apical
brush borders with basal oval vesicular nuclei.
Goblet cells with expanded pale apical part
distended with foamy secretions were also seen
interspersed between the enterocytes and few
intraepithelial lymphocytes. Mononuclear cells
were noticed in the core of the villi (Fig. 1b).
Moreover, crypts of Lieberkiihn were noticed
lined by enterocytes with basal vesicular nuclei
and few scattered goblet cells. Some Paneth cells
were seen lining the base of the intestinal crypts
with many apical eosinophilic granules and basal
vesicular nuclei. Moreover, few mitotic figures
in some crypt base columnar cells with deeply
basophilic cytoplasm were also detected lining
the base of the crypts (Fig. 1c).

Meanwhile, examination of group II (gamma
irradiated) showed distortion and fusion of
some villi while the apical parts of some villi
were sloughed. Infiltration of lamina propria
with mononuclear inflammatory cells were also
seen (Figs. 2a & 2b). The crypts showed focal
proliferation of its lining cells that appeared with
darkly stained nuclei. Many mitotic figures were
detected at the base of the crypts. Focal disruption
of the crypts’ wall which had been invaded with
inflammatory cells were detected. Infiltration
of the lamina propria with many mononuclear
inflammatory cells such as lymphocytes and
eosinophils were seen. Paneth cells with few
eosinophilic granules, vacuolated cytoplasm and
darkly stained nuclei were also noticed (Fig. 2c).
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Examination of subgroup Illa (ginger pre-
radiation) showed distortion and fusion of some
villi. Apical tips of few villi were sloughed. Some
scattered goblet cells were detected. Infiltration
of lamina propria with mononuclear inflammatory
cells was also noticed (Figs. 3a & 3b). Focal
disruption of the crypts’ wall and congested
blood capillaries in the lamina propria were seen.
Paneth cells with few eosinophilic granules and
basal vesicular nuclei were also detected (Fig. 3¢).
However, examination of subgroup III b (ginger
pre and post-radiation) showed the restoration
of most of the structure of the jejunal mucosa to
become nearly comparable to the control group.
The villi were long and regular, while few villi
appeared with partially sloughed tips (Fig. 4a).
The enterocytes lining the villi showed basal oval
vesicular nuclei while, the apical brush border
in some focal areas appeared distorted. Few
intraepithelial lymphocytes were detected, and
some mononuclear cells were also noticed in the
core of few villi (Fig. 4b).

The crypts were lined by enterocytes that had
basal vesicular nuclei and few scattered goblet
cells. Paneth cells with many apical eosinophilic
granules and basal vesicular nuclei lining the
crypt base were also detected (Fig. 4c).

Examination of Periodic Acid—Schiff (PAS)
stained section of group I (control) showed the villi
having regular intact brush border of enterocytes
and many PAS positive goblet cells scattered
among the enterocytes (Fig. 5). However, group 11
(gamma irradiated) and subgroup Illa (ginger pre-
radiation) showed disruption of the brush border
in most of the enterocytes and significant decrease
in the mean number of PAS positive goblet cells
(P<0.05) with values of (4.6+1.14), (22.2+2.28)
respectively in comparison to the control group
(4942.23). In addition, there was also apparent
decrease in their mucin content in the villi
compared to control group (Figs. 6 & 7, Table 1).
Meanwhile, examination of subgroup III b (ginger
pre and post - radiation) showed enterocytes
with intact brush border in most of the villi and
significant increase in the number of PAS positive
goblet cells (32.4+2.7) (P<0.05) in comparison to
group II (4.6+1.14) & subgroup Illa (22.2+2.28).
There was also an apparent increase in the mucin
content of goblet cells in the villi compared to
group II and subgroup IlI-a (Fig. 8, Table 1).
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Sections stained with Masson’s trichrome
of group I (control), and subgroup III b (ginger
pre and post-radiation) showed few collagenous
fibers (3.09+0.4), (5.08+0.59) respectively
within the lamina propria (mostly between the
jejunal crypts) and submucosa (Figs. 9 & 12,
Table 1). Meanwhile, examination of group II
(gamma irradiated) and subgroup Illa (ginger
pre-radiation) showed significant increase in
the percentage area of collagen fibers with
values of (20.72+0.81), (11.1£0.69) (P<0.05)
respectively in the submucosa and lamina
propria of jejunum compared to the other groups
(Figs. 10&11, Table 1).

3.2 Scanning electron microscopic results:

Examination of sections of jejunum of
group I (control) showed regular villi covered
by enterocytes with hexagonal appearance and
their apical surfaces covered by a carpet of
microvilli. The mucous secretion of many goblet
cells on villus surface was noticed while few
goblet cells were seen devoid of their secretions
(Figs. 13 a &b). Meanwhile, examination of
sections of group II (gamma irradiated) Jejunum
showed many distorted villi with complete
shedding of their epithelial covering and exposure
of their underlining connective tissue core with
infiltration of some RBCs. Columnar enterocytes
were seen surrounding the defects with their
apical surfaces covered with microvilli. Moreover,
the number of goblet cells were apparently
decreased compared to the control group and
depletion of their mucin content was also noticed
(Figs. 14 a &b). The examination of sections of
subgroup Illa (ginger pre- radiation) showed
partially distorted tips of some villi and
the epithelial cells covered with microvilli.
Meanwhile, other focal areas showed lack of
such a cover with no cellular loss. The mucin
secretion of some goblet cells was also detected
(Figs. 15 a &b). However, examination of
subgroup III b (ginger pre and post-radiation)
showed regularly arranged villi with hexagonal
enterocytes that was covered by microvilli. Some
goblet cells with depleted mucin content were
detected while others appeared with their mucin
secretion (Figs. 16 a &b).
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3.3 Morphometric and statistical results
(Table 1):

Non-significant changes were detected
between subgroups of group I (control) (P>0.05)
in all the statistical parameters measured in this
study.

1- The mean number of goblet mucous
secreting cells stained by PAS showed significant
decrease (P<0.05) in group II & subgroup Illa in
comparison to the other groups. while, there was
a significant increase in subgroup III b compared

it PR
4 r .i‘?;*i.«?
g b ‘_ﬁ-.-r-. ‘?.

with group II & subgroup III a (P<0.05).
Meanwhile, there was significant increase in
subgroup IIla compared with group II (P<0.05).

2- The mean percentage arca of collagen
fibers in sections stained with Masson’s trichrome
showed significant increase in group II and
subgroup Illa in comparison to the other groups
(P<0.05). Meanwhile, there was a significant
decrease in subgroup III b compared with
group II & subgroup Illa (P<0.05). While, there
was significant decrease in subgroup Illa in
comparison to group I (P<0.05).

1
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Fig. 1a: A photomicrograph of a section of the jejunum from group I (control) showing jejunal mucosa formed of
long finger-like villi (1) with a core of connective tissue extending from the lamina propria (*). Invaginated crypts of
Lieberkiihn (11) spanning the lamina propria were seen. Notice the submucosa (¢) and the muscularis externa (A ) layers.

H&E X 100
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Fig. 1b: A photomicrograph of a section in the jejunum from group I (control) showing the villi lined by columnar
acidophilic enterocytes with basal oval vesicular nuclei (1). Goblet cells with expanded apical part containing pale foamy
secretions (11) are seen interspersed between the enterocytes. Notice some mononuclear cells in the core of the villi
(arrowhead). Inset: the apical brush border of the enterocytes ( A ) and few intraepithelial lymphocytes (curved arrow) can
be detected H&E X 400 Inset: X 1000

Fig. 1c: A photomicrograph of a section in the jejunum from group I (control) showing crypts of Lieberkiihn lined by
enterocytes with basal vesicular nuclei (1) and few scattered goblet cells (11). Upper inset: some Paneth cells with many
apical eosinophilic granules (A) and basal vesicular nuclei lining the base of the crypts are noticed. Lower inset: few
mitotic figures (arrowhead) and crypt base columnar cells with deeply basophilic cytoplasm (curved arrow) were also
detected lining the base of the crypts. H&E X 400 Upper inset: X 640, lower inset: X 1000
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Fig. 2a: A photomicrograph of a section in the jejunum from group II showing distortion and fusion of some villi (1).

Apical part of some villi is sloughed (11).

H&E X 100

2b: A photomicrograph of a section in the jejunum from group II showing broadening of the villus, shedding of

Fig.

some epithelial cells (1) and apical epithelial cell erosion (11). Notice infiltration of lamina propria with mononuclear
299

inflammatory cells (arrowhead).

H&E X 400
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Fig. 2c: A photomicrograph of a section in the jejunum from group II showing focal proliferation of the cells
lining the crypts and they appear with darkly stained nuclei (*). Focal disruption of the wall of the crypt and
invasion with inflammatory cells (11) are seen. Notice infiltration of the lamina propria with many mononuclear
inflammatory cells (arrowhead). Upper inset: Paneth cells with few eosinophilic granules, vacuolated cytoplasm
and darkly stained nuclei (A) are noticed. Lower inset: many mitotic figures are detected at the base of the crypts.
H&E X 400 Upper inset: X 640, lower insets: X 1000
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Fig. 3a: A photomicrograph of a section in the jejunum from subgroup Illa showing distortion and fusion of some villi
(1). Apical tips of few villi are sloughed (11). H&E X 100

Fig. 3b: A photomicrograph of a section in the jejunum from subgroup IIla showing broadening of the villus and sloughing
of the epithelial cells at its apex (7). Some scattered goblet cells (11) are detected. Notice infiltration of lamina propria
with mononuclear inflammatory cells (arrowhead). H&E X 400
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Fig. 3c: A photomicrograph of a section in the jejunum from subgroup Illa showing focal disruption of the wall of the

crypt (11). Notice congested blood capillaries in the lamina propria (1). Inset: Paneth cells with few eosinophilic granules
and basal vesicular nuclei (A ) are also noticed. H&E X 400 Inset: X 640
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Fig. 4a: A photomicrograph of a section in the jejunum from subgroup I1Ib showing most of the villi are long and regular.
Few villi with partially sloughed tips (11) can be noticed. H&E X 100
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4b

Fig. 4b: A photomicrograph of a section in the jejunum from subgroup IIIb showing the Vilus lined by enterocytes with
basal oval vesicular nuclei (7). The apical brush border in some focal arears appear distorted (11). Few intraepithelial
lymphocytes can be detected (curved arrow). Notice some mononuclear cells in the core of the villus (arrowhead).

H&E X 400

(Wi 7
Fig. 4c: A photomicrograph of a section in the jejunum from subgroup IIIb showing the crypts lined by enterocytes with

basal vesicular nuclei (1) and few scattered goblet cells (11). Inset: Paneth cells with many apical eosinophilic granules
and basal vesicular nuclei ( A) lining the base of the crypts are also noticed. H&E X 400 Inset: X 640
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Fig. 5: A photomlcrograph of a section in the ]e]unum
from group I (control) showing the villi having
regular intact brush border of enterocytes (curved
arrow). Notice many goblet cells with periodic
acid—Schiff (PAS) positive magenta reaction (1).

PAS X 400
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Fig. 6 A photomlcrograph of a section in the jejunum
from group II showing disruption of the brush border
in most of the enterocytes. Sloughing of the apical part
of the villus is noted. Few goblet cells with decreased

mucin content can be seen (7). PAS X 400

304

Fig. 7: A photomicrograph of a section in the jejunum
from subgroup Illa showing focal disruption of the
brush border of enterocytes at the tip of the villus
(curved arrow). Few goblet cells with decreased mucin
content can be noticed (1). PAS X 400

Fig. 8: A photomicrograph of a section in the jejunum
from subgroup I1Ib showing intact brush border (curved
arrow) of enterocytes. Note the increased number of
goblet cells with increased mucin (1 ) compared to
group II and subgroup Illa. PAS X 400
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. 01 Fig. 11: A photomicrograph of a section
from group I (control) showing minimal collagen jejunum from subgroup Illa showing some collagen
fibers in the lamina propria (1) and submucosa (11). fibers in the lamina propria (1) and submucosa (11).
Masson’s trichrome stain X 400 Masson’s trichrome stain X400
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Fig. 12: A photomicrograph of a section in the

jejunum from group II showing extensive collagen jejunum from subgroup IIIb showing few collagen
fibers in the lamina propria (1) and submucosa (11). fibers in the lamina propria (1) and submucosa (11).
Masson’s trichrome stain X400 Masson’s trichrome stain X400
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Fig. 13a: A scanning electron micrograph of a section in the jejunum from group I (control) showing regular villi
lined by enterocytes with hexagonal appearance (7). Notice the mucous secretion on villus surface (curved arrow).

SEM X 150

ot Magn Det WD }__—1

1 000 SE 249 EM UNIT

Fig. 13b: A scanning electron micrograph of a section in the jejunum from group I (control) showing apical surface of
the enterocytes covered by carpet of microvilli (mv). Notice most of goblet cells’ orifices are protruding secretion (curved
arrow) while others are devoid of secretion (A). SEM X 1000
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Fig. 14a: A scanning electron micrograph of a section in the jejunum from group II showing many distorted villi with

complete shedding of the epithelial covering of the villi with exposure of the underlining connective tissue core (1)
SEM X 150
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Fig. 14b: A scanning electron micrograph of a section in the jejunum from group II showing tip of a villus with an area
of epithelial cells loss (1), and infiltration of some RBCs (arrowhead). Columnar enterocytes (E) surrounding the defect
are seen covered with microvilli (mv). Notice apparently decreased number of goblet cells with depletion of their mucin
content (A). SEM X 1500
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Fig. 15a: A scanning electron micrograph of a section in the jejunum from subgroup Illa showing partially distorted tips
of some villi (1). Notice the mucous secretion on villus surface (curved arrow). SEM X 200
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Fig. 15b: A scanning electron micrograph of a section in the jejunum from subgroup Illa showing the apices of the
epithelial cells are covered with microvilli (mv) while other focal areas lack such a cover (1) with no cellular loss. Notice
the mucin secretion of some goblet cells (curved arrow). SEM X 1500
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Fig. 16a: A scanning electron micrograph of a section in the jejunum from subgroup IIIb showing regular arrangement of
villi which covered by enterocytes with regular hexagonal appearance (7). SEM X 200
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Fig. 16b: A scanning electron micrograph of a section in the jejunum from subgroup IIIb showing some goblet cells with
depleted mucin content (A ) while others appear with their mucin secretion (curved arrow). Notice the apical part of the
enterocytes is covered by microvilli (mv). SEM X 650
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Table 1: showing mean + SD of percentage area of collagen fibers and number of goblet cells in different groups:

Groups Area % of Collagen fibers Number of Goblet cells
Control group I 3.09+0.4 49+2.23

Group 11 20.72+0.814 4.6+1.14%
Subgroup III a 11.1£0.69¢ 22.24+2.284
Subgroup 111 b 5.08+0.59" 32.442.70

A Significant decrease in comparison to all other groups.

A Significant increase in comparison to all other groups.

& Significant increase in comparison to group II.

¢ Significant decrease in comparison to group II.

o Significant increase in comparison to group II & subgroup Illa.

m Significant decrease in comparison to group Il & subgroup Illa.

DISCUSSION

The GIT is one of the most susceptible organs to
the hazards of radiation. Acute structural damages
of the intestine occurred within 24-48 hours of
radiation exposure!!l. In the present study, after 7
days from exposure to gamma radiation in group
II the jejunal mucosa showed changes in the form
of distortion, fusion and even sloughing of some
villi among with mononuclear cellular infiltration.
Moreover, the brush border was disrupted in most
of the enterocytes with significant decrease of the
goblet cells and their mucin content as appeared
in PAS stained sections. These findings were in
accordance with Wang et al.l'", Meanwhile, the
crypts showed focal proliferation of its lining cells
with many mitotic figures and its invasion with
inflammatory cells. The lamina propria was also
infiltrated with many mononuclear inflammatory
cells.

The results of the current study coincided
with other investigators!'®! who reported erosions,
necrosis, infiltration with inflammatory cell, and
hemorrhage in the intestinal crypts. Infiltration
of the wvilli and crypts with inflammatory
cells might contribute to the pathogenesis of
radiation enteropathy as emphasized by some
investigators!'*l. Meanwhile, Paris et a/.l'" reported
that apoptosis of the microvascular endothelial
cells is the primary lesion in radiation damage
and this might cause stem cell dysfunction.
Subsequently, the microvascular endothelial
cells, not epithelial cells, are the main target of
radiation-induced gastrointestinal syndrome. In
addition, other scientists!' suggested that early
apoptosis (4 hours after radiation) of endothelial
cells is the primary lesion in radiation-induced
damage to the gastrointestinal tract. However,
another study concluded that endothelial injury
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was a consequence of radiation-induced damage
of normal tissues and was not an initiating
factort'”.

Meanwhile, Kim et. al.,"® postulated that
the intestinal epithelium regenerative response
against gamma irradiation can be divided into
three phases: apoptotic phase in the first 2 days,
proliferation phase 2 to 4 days post-radiation,
and stabilization phase 5 days post-radiation.
They revealed that during the proliferative
phase the crypts enlarge in size as the number of
proliferating cells increased. Meanwhile, during
the stabilization phase, the crypts and the villi are
almost restored to the pre-radiation condition.

All the previous various studies showed that
radiation can induce damage to both intestinal
epithelial and endothelial cells. In addition,
other researchers!'”! postulated that the persistent
intestinal damage might result from sensitivity
of the intestine to radiation oxidative stress
mechanisms with subsequent failure of the
crypt—villus axis to regenerate. These outcomes
are accompanied by continuous inflammatory
response and vascular impairment with lack of
regenerative cell enrollment. Moreover, Abdul-
Hamid and Salah®”, stated that formation of
reactive oxygen species (ROS) and the increase
of neutrophil accumulation in the mucosa could
disrupt the microcirculation and lead to the
formation of ulcers. Moreover, accumulation
of these hazard might cause structural damage
by reacting with polyunsaturated fatty acids
that present in DNA nucleotides and cellular
membranes. Recently, other investigators?
reported that the pathogenesis of radiation
enteropathy might be due to the altered
expression of long noncoding RNAs (IncRNAs)
in the enterocytes as a result of accumulated
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inflammatory mediators, mainly oxidative free
radicals.

However, other researchers?! declared
that in severe oxidative stress, the intestinal
Paneth cells release pro-inflammatory TNF-a
and antimicrobial molecules which activate the
caspases with subsequent intestinal epithelial cell
injury and apoptosis®?2.

Furthermore, other studies recorded that
exposure to radiation resulted in damage to the
intestinal epithelial barrier, decrease number and
structural alteration of goblet cells, increased
bacterial invasion, and increased inflammatory
responses in intestinal tissuel®’). These results
clarified the significant decrease in goblet cells
numbers in (group II) gamma irradiated group
stained by PAS in the current study.

Although the radiation exposure in the present
experiment was limited to one radiation dose,
yet it was enough to elicit a significant increase
in the percentage area of collagen fibers in the
submucosa and lamina propria in the groupll
stained by Masson’s trichrome. In view of this
point, a researcher® postulated that a cytokine
produced by Variety of immune cells limit the
inflammatory reactions and induce fibrosis. It also
stimulates fibroblast maturation and angiogenesis
inducing matrix deposition and remodeling.

Many chemical compounds have been used as
radioprotective agent; however, their high toxicity
at optimum protective doses prohibited their
clinical use. Moreover, Patients might tolerate
dietary ingredients better than other drugs.

Ginger extract decreased mononuclear
infiltration and improved the architecture of
the colon®. It is also ranked one of the highest
antioxidant value plants with anti-inflammatory
properties through its ability to restore the redox
form and inhibiting free-radical generation!”.
Furthermore, some studies stated that ginger
treatment improved the antioxidant defense
capacity of rats®®. Ginger decreased lipid
peroxidation of biological membranes as it
cleared ROS, and hence improved intestinal blood
flow!®.

In the present study and as far as we know,
it was the first time to use ginger to decrease
hazards of radiation enteropathy. Nevertheless,
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the present experiment tried ginger not only as
a therapeutic agent but also, we tried to predict
its possible prophylactic role if taken prior to
radiation. The results of the present work showed
that maximum benefit of ginger ingestion would
be obtained if it was given before and after
radiation as the jejunal mucosa almost restored
its normal structure for both the villi and the
crypts. The enterocytes retained its apical brush
border and minimal intraepithelial lymphocytes
and mononuclear cells in the lamina propria were
detected. Moreover, significant increase in the
number of PAS positive goblet cells in the villi
with apparent increase in their mucin content with
normal collagen deposition in the lamina propria
and submucosa. In contrast, giving ginger before
radiation only; showed partial improvement of
the jejunal mucosa with patchy areas of sloughing
and necrosis with evidence of collagen deposition.
These was in accordance with some investigators
who used ginger for treatment of ulcerative
colitis®), necrotizing enterocolitis!®, ischemial*”
and methotrexate toxicity®. Although the cause
for enteropathy was different in all previous
studies yet the pathogenesis is still the same and
had responded exquisitely to ginger.

CONCLUSIONS

In view of our findings ginger was considered
as potent antioxidant, anti-inflammatory natural
herb. It appeared to be a potential promising agent
for preventing damage of the intestinal tissues
against radiation enteropathy. We also recommend
careful planning of irradiation protocols of the
small intestine with a protective dose of ginger to
prevent radiation enteropathy.

CONFLICT OF INTERESTS

There are no conflicts of interest.

REFERENCES

1. Odawara S, Doi H, Shikata T, Kitajima
K, Suzuki H, Niwa Y, Kosaka K, Tarutani
K, Tsujimura T, Kamikonya N, Hirota
S. Polaprezinc protects normal intestinal
epithelium against exposure to ionizing
radiation in mice. Mol Clin Oncol. 2016
Oct;5(4):377-381.

2. LeibowitzBJ,WeiL,ZhangL,Ping X, Epperly
M, Greenberger J, Cheng T, Yu J. Ionizing



GINGER'S EFFECT ON RADIATION-INDUCED JEJUNAL ENTEROPATHY IN RATS

10.

irradiation induces acute haematopoietic
syndrome and gastrointestinal syndrome
independently in mice. Nat Commun. 2014
Mar 18; 5: 3494.

Lu Q, Gong W, Wang J, Ji K, Sun X, Xu C,
Du L, Wang Y, Liu Q. Analysis of changes to
IncRNAs and their target mRNAs in murine

jejunum after radiation treatment. J Cell Mol
Med. 2018 Dec; 22(12): 6357-6367.

Choi C, Lee C, Shin SW, Kim SY, Hong SN,
Park HC. Comparison of Proton and Photon
Beam Irradiation in Radiation-Induced
Intestinal Injury Using a Mouse Model. Int J
Mol Sci. 2019 Apr 17;20(8). pii: E1894. doi:
10.3390/ijms20081894.

Zhang F, Ma N, Gao YF, Sun LL, Zhang
JG. Therapeutic Effects of 6-Gingerol,
8-Gingerol, and 10-Gingerol on Dextran
Sulfate Sodium-Induced Acute Ulcerative
Colitis in Rats. Phytother Res. 2017
Sep;31(9):1427-1432.

Cakir U, Tayman C, Serkant U, Yakut HI,
Cakir E, Ates U, Koyuncu I, Karaogul E.
Ginger (Zingiber officinale Roscoe) for
the treatment and prevention of necrotizing
enterocolitis. J Ethnopharmacol. 2018 Oct
28;225:297-308.

Sakr, S.A.: Ameliorative effect of ginger
(Zingiber officinale) on Mancozeb fungicide
induced liver injury in albino rats. Austr. J.
Bas & Appl. Sci. 2007; 1(4):650-656.

Demirer S, Aydintug S, Aslim B, Kepenekci
I, Sengiil N, Evirgen O, Gerceker D, Andrieu
MN, Ulusoy C, Karahiiseyinoglu S. Effects
of probiotics on radiation-induced intestinal
injury in rats. Nutrition. 2006 Feb;22(2):179-
86.

Kushikata T, Yoshida H, Kudo M, Kudo
T, Kudo T, Irota K. Role of cerulean
noradrenergic neurons in general anesthesia
in rats. Br J Anaesth 2011;107:924-929.

Suvarna SK, Layton C, Bancroft JD.
Bancroft’s Theory and Practice of
Histological ~ Techniques, 7th  edition,
Churchill Livingstone ElSevier 2013:418.
203, 224, 408,500.

312

11.

12.

13.

14.

15.

16.

17.

18.

19.

Youssef  Shoukry.  Scanning electron
microscope: a new approach of an old issue.
The Egyptian Journal of Histology: June
2011 - Volume 34 - Issue 2 - p 179-181.

Wang J, Zheng H, Kulkarni A, Ou X, Hauer-
Jensen M. Regulation of early and delayed
radiation responses in rat small intestine by
capsaicin-sensitive nerves. Int. J. Radiat.
Biol. Phys. 64 (5) (2006) 1528-1536.

Orhon ZN, Uzal C, Kanter M, Erboga M,
Demiroglu M. Protective effects of Nigella
sativa on gamma radiation-induced jejunal
mucosal damage in rats. Pathology —
Research and Practice 212 (2016) 437—443.

Li L, Zhang K, Zhang J, Zeng YN, Lai F, Li
G, MaN, HuMJ, Cui FM, Chen Q. Protective
effect of polydatin on radiation-induced
injury of intestinal epithelial and endothelial
cells. Biosci Rep. 2018 Nov 13;38(6).

Paris F, Fuks Z, Kang A, Capodieci P, Juan G,
Ehleiter D, Haimovitz-Friedman A, Cordon-
Cardo C, Kolesnick R. Endothelial apoptosis
as the primary lesion initiating intestinal
radiation damage in mice. Science. 2001 Jul
13;293(5528):293-7.

Cho CH, Kammerer RA, Lee HJ, Yasunaga
K, Kim KT, Choi HH, Kim W, Kim SH,
Park SK, Lee GM, Koh GY. Designed
angiopoietin-1 variant, COMP-Angl,
protects against radiation-induced endothelial
cell apoptosis. Proc Natl Acad Sci U S A.
2004 Apr 13;101(15):5553-8.

Schuller BW, Rogers AB, Cormier KS,
Riley KJ, Binns PJ, Julius R, Hawthorne
MF, Coderre JA. No significant endothelial
apoptosis  in  the  radiation-induced
gastrointestinal syndrome. Int J Radiat Oncol
Biol Phys. 2007 May 1;68(1):205-10.

Kim CK, Yang VW, Bialkowska AB. The
Role of Intestinal Stem Cells in Epithelial
Regeneration Following Radiation-
Induced Gut Injury. Curr Stem Cell Rep.
2017;3(4):320-332.

Cameron S, Schwartz A, Sultan S, Schaefer
IM, Hermann R, Rave-Friank M, Hess CF,
Christiansen H, Ramadori G. Radiation-



Raafat and Shoukry

20.

21.

22.

23.

24.

25.

induced damage in different segments
of the rat intestine after external beam
irradiation of the liver. Exp Mol Pathol. 2012
Apr;92(2):243-58.

Abdul-Hamid M, Salah M. Intervention of
ginger or propolis ameliorates methotrexate-
induced ileum toxicity Toxicology and
Industrial Health 2016, Vol. 32(2) 313-322.

Eltahawy NA, Elsonbaty SM, Abunour S,
Zahran WE. Synergistic effect of aluminum
and ionizing radiation upon ultrastructure,
oxidative stress and apoptotic alterations
in Paneth cells of rat intestine. Environ Sci
Pollut Res Int. 2017 Mar;24(7):6657-6666.

Gorbunov NV, Garrison BR, Kiang JG
Response of crypt Paneth cells in the small
intestine following total body y-irradiation.
Int J Immunopathol Pharmacol 2010 Oct-
Dec;23(4):1111-23.

Jang H, Park S, Lee J, Myung JK, Jang
WS, Lee SJ, Myung H, Lee C, Kim H,
Lee SS, Jin YW, Shim S. Rebamipide
alleviates radiation-induced colitis through
improvement of goblet cell differentiation
in mice. J Gastroenterol Hepatol. 2018
Apr;33(4):878-886.

Anscher, M.S. Targeting the TGF-betal
pathway to prevent normal tissue injury after
cancer therapy. The Oncologist 2010,15,
350-359.

Jagetia GC, Venkatesha VA. Effect
of mangiferin on radiation-induced
micronucleus formation in cultured human
peripheral blood lymphocytes. Environ. Mol.
Mutagen. (2005 ) 46 (1) 12-21.

313

26.

27.

28.

29.

30.

El-Abhar HS, Hammad LN, Gawad HS.
Modulating effect of ginger extract on rats
with ulcerative colitis. J Ethnopharmacol.
2008 Aug 13;118(3):367-72.

El-Ghorab AH, Nauman M, Anjum FM,
Hussain S, Nadeem M. A comparative study
on chemical composition and antioxidant
activity of ginger (Zingiber officinale) and
cumin (Cuminum cyminum). J Agric Food
Chem. 2010 Jul 28;58(14):8231-7.

Yao J, Ge C, Duan D, Zhang B, Cui X, Peng
S, Liu Y, Fang J. Activation of the phase
IT enzymes for neuroprotection by ginger
active constituent 6-dehydrogingerdione in
PC12 cells. J Agric Food Chem. 2014 Jun
18;62(24):5507-18.

Hoferl M, Stoilova I, Wanner J, Schmidt
E, lJirovetz L, Trifonova D, Stanchev
V, Krastanov A. Composition and
comprehensive  antioxidant activity of
ginger (Zingiber officinale) essential oil
from Ecuador. Nat Prod Commun. 2015
Jun;10(6):1085-90.

Li Y, Xu B, Xu M, Chen D, Xiong Y, Lian
M, Sun Y, Tang Z, Wang L, Jiang C, Lin Y.
6-Gingerol protects intestinal barrier from
ischemia/reperfusion-induced damage via
inhibition of p38 MAPK to NF-«B signaling.
Pharmacol Res. 2017 May;119:137-148.



GINGER'S EFFECT ON RADIATION-INDUCED JEJUNAL ENTEROPATHY IN RATS

s aalill 5 srall adlall e ) A Joaadi U Jadaall Aawadl) gal)
(gl o 98w g ySrally At a ARSI o0 sl JJSSQALAB"— £ )
lal) (H 9 AT G gSiu g Saall g

Ea) padle

Sl e Aaalidl @il gl 5 Gl je¥) CVare J1 5 Y (A oLl dpans (e |y i 8 g ST (e Baal  elaall el (A4
Caagdl OIS Al 3008V 5 il Balias Gaibad @lliey 38 Jaas 31 o) Aaall bl Hall € S35 Al e e ladY) (sl s 5 elaal)
LALD &Lv.&\ oe Pu\ oLtAi}I\ dx&\ @ dAﬁ;.A @)\L daLvS} quﬁ dal.vs da.\;.}‘)ﬂ M‘ J}.\H alaSi) ELY -L:\J_\S\ XYY )

E ) ) sdie IS Ul gal) anl 5 Al ol sda 3 cpadlll ) S Cpa gl 13 5a () 650 5 o aladiaad o3 33kl ) gal)
saalyde el dya IS aad s (Ll dadl) (IT)ALD e sanall cilailin de sanaS Caaxdinl (1) J5Y) Ao sanall il sana
O sana ) Lpapnai i 1(Juniy 5 Laba Aadl ) (T11) 20U Ao ganal) ¢ Lals glad) (ga (4882 /5120 )) ¢, VT Lo 8 5 dclad)
VY G gban) 58 e adll (3 5k (e daad Sl Galdios aa glac ) 35 400l A sanall (8 Jladl 58 LS g e Laa SIS (sl i a3 (e 8
Caliine il 1(QITT-) Ao i) de sanall Lot g LadY) U8 oLl daans Jauni S (i il o(T11-) due i) de sanall 23S/ aale
S g Sl Al 53 (5 small ailiall e (and i 5 ol gaadl maes gad 5 A el Aled (B g S Y 2nry U8 Sl dae Jni )
aan) Jilads 4 yia s ) e Al )3 el ja) ai laS lall (g SISV G sSs g jSaall 5 (S sucall

AUall LALDIAY (5 )50 HISS WLl < jelal Lat idadl) (yiamd rlail 5 JUidal (T) A8 Ao sanall oa o sinsgl) (il yelal s qeitill
& dima palinil Jas o LS LLAN laat (g5 IS (ITTT-) Lo Ll de sanall <jelal clld e 3 dle Auleail) LA a5 52 5
e ganally 45 e A8l Cile sanall (8 e 5 LY A siall Aalisall 4 gial) Gl 8 Baies 53 ) 5 A€ LDIA ae Jass gl
Ao sanall 4liie Ly 55 mal alball JLlaal sliaall (S alaee salxinl (III-) doe il de genall <jelal clld pay dajliall
adalaall

LYl g Aaalill &y el A1 Abia) (il Jaing 3015 il Al Jasni 3 0 s shuadal)

314



