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Abstract: Objective: Radiation-induced salivary gland dysfunction has a major deleterious effect on oral health.
Aim: This study was conducted to evaluate the effect of ginseng on radiation induced oxidative stress in salivary
glands. Design: Forty-eight Albino rats were divided into four equal groups. Group 1 was the control group received
vehicle (0.5 ml of DDW) by gavage for 7 consecutive days. The second group was administered ginseng (100 mg
/kg, by gavage) for 7 consecutive days. Group 3 was administered vehicle by gavage for 7 consecutive days, then
exposed to single dose y-irradiation (6 Gy). Group 4 received ginseng (100 mg /kg, by gavage) for 7 consecutive
days and exposed one hour later to single dose y-irradiation (6 Gy). Submandibular and sublingual salivary glands
were collected at the third and tenth day after the end of treatment and were subjected to light and transmission
electron microscopy (TEM). Results: The submandibular gland of the group 4 revealed less intracytoplasmic
vacuolization, slight alteration of acinar architecture and almost even size nuclei as compared to the irradiated
group. TEM revealed marked dilation of rough endoplasmic reticulum and fusion of several secretory granules
within the acinar cytoplasm of group 3, with less obvious alterations in group 4. Conclusion: ginseng ameliorated
the deleterious effects of gamma irradiation in rats’ salivary glands.
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1. Introduction main biologically active constituents that include

Although radiotherapy has produced a anti-carcinogenic, anti-diabetic, anti-inflammatory,
significant increase in cure rates for many antiasthma tic and gastro protective effects; as well as
malignancies of the head and neck region, however cardiovascular  protector, nephroprotector and
irradiation in large areas including normal tissue may neuroprotector inducing enhancement of memory,
result in several undesired reactions that manifest concentration, mental alertness and decreasing
during or after the completion of therapy. The degree, mental fatigue, besides other beneficial activities® .
progression and reversibility of these complications It is well known that the ginseng antioxidant
are strongly related to the radiation dose, fraction properties are due to scavenge free radicals and to
size, volume of irradiated tissue, and type of ionizing neutralize ferry ion-induced peroxidation!® and
irradiation'”. About 30% to 90% of the parotid and some studies have shown that these antioxidant
submandibular gland is included in the field of actions contribute to prevention and treatment of
radiotherapy for cancer of the nasopharyngeal and diseases associated with oxidative stress /. The
oropharyngeal region”. The functional impairment radioprotective effect of ginseng can be partially
of salivary glands is a common finding in patients attributed to reduction of radiation-induced
with head and neck cancer treated with genotoxicity®”. Furthermore, Ginseng improved
radiotherapy. haematopoiesis after irradiation®”. Panax ginseng is

It is well known that ionizing radiations not toxic or tumorigenic'*>*>.
induce oxidative stress on target tissues, mainly Since ginseng may be considered as is a
through the generation of reactive oxygen species potential radioprotector, this study was conducted to
(ROS) resulting in imbalance of the pro-oxidant and evaluate its role in attenuating the deleterious effects
antioxidant in the cells, attack diverse cellular of gamma radiation on the salivary glands of rats on
macromolecules such as DNA, lipids, and proteins, the cellular and ultra structural levels.
eventually inducing cell death 7.

Ginseng is a well-known medicinal herb in 2. Materials and methods
traditional Asia medicine and is considered an Chemicals
adaptogen. Panax ginseng C.A. Meyer (Araliaceae), Panax ginseng was purchased from Eipico,
grows in China and Korea and more than 30 moringe Egypt. It was dissolved in CMC (0.5% carboxy
saponins (moringosides) have been isolated as the methylcellulose solution dissolved in distilled water)
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and administrated oral to rats at a dose of 100 mg/kg
body weight for 7 consecutive days*?.
Animals:

Forty-eight male Albino rats (weighing120-
150g) were obtained from the animal farm of the
Egyptian Holding Company for Biological Products
and Vaccines, Egypt. Upon arrival, the animals were
allowed to acclimatize for 1 week before starting the
experiment. Animals were kept under standard
conditions and were allowed free access to a standard
requirement diet and water ad. Libitum. Animals
were kept under a controlled lighting condition (light:
dark, 13h-11h). The animals’ treatment protocol was
approved by the animal care committee of the

National Center for Radiation Research and
Technology (NCRRT), Cairo, Egypt.
Irradiation

Whole-body gamma-irradiation was

performed at the National Centre for Radiation
Research and Technology (NCRRT), Atomic Energy
Authority, Cairo, Egypt, using (137cesium) Gamma
Cell-40 biological irradiator. Animals were irradiated
at an acute single dose level of 6 Gy delivered at a
dose rate of 0.012 Gy/s.

Experimental design:

Rats were divided into four groups, 12 rats
in each. In the control group, rats were administered
vehicle (0.5 ml of DDW) by gavage for 7 consecutive
days. The 2™ group was administered ginseng (100
mg /kg, by gavage) for 7 consecutive days. Animals
in the 3™ group were administered vehicle by gavage
for 7 consecutive days, then exposed to single dose y-
irradiation (6 Gy). The 4™ group were received
ginseng (100 mg /kg, by gavage) for 7 consecutive
days, one hour later rats were exposed to single dose
y-irradiation (6 Gy)**.

Specimen’s collection and preparation:

At day 3 and day 10 after treatment
exposure, 6 rats from each group were sacrificed by
decapitation. The submandibular and sublingual
salivary glands of left side were dissected and
immediately fixed in 10 % formalin and embedded in
paraffin. Five microns thick paraffin sections were
stained by haematoxylin and eosin, for histological
evaluation.

Transmission electron microscopic examination:
The submandibular salivary glands of the
right side of each animal were cut into small parts of
one cubic mm. that were fixed in glutraldehyde to be
prepared for ultra structural examination by the
transmission electron microscope (TEM). Specimens
were washed in three changes of phosphate buffer at
pH 7.4. Secondary fixation was achieved in 1%
osmium tetraoxide at 4°C, for 1.5 hours followed by
rinsing in phosphate buffer. Specimens were then
dehydrated in ascending grades of ethyl alcohol, then
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cleared in propylene oxide and embedded in epoxy
resin. Semi-thin sections of 1-2 microns were cut and
stained with 1% toluidine blue and examined by light
microscopy for detection of the site to be studied by
TEM. Ultra-thin sections were then cut using the
ultra microtome, mounted on copper grids and
stained with uranyl acetate and lead citrate. The grids
were examined by Joel TEM 100 S transmission
electron microscope at the National Research Centre,
Dokki, Giza, Egypt.

3. Results
I-Histological findings:

In the control group, in both observation
periods, the secretory terminal portions of the
submandibular gland were predominantly of the
serous type and were composed of pyramidal cells
surrounding a narrow lumen and having a foamy
basophilic cytoplasm and a rounded basal nucleus.
The duct system consisted of intercalated ducts,
granular convoluted tubules characterized by their
columnar cells containing excretory granules, striated
ducts -having a wider lumen compared to intercalated
and granular ducts- and excretory ducts (Fig.1). The
secretory terminal portions of the sublingual gland
were of the mucous type. The duct system consisted
of intercalated, striated and excretory ducts (Fig.2).

In the second group (ginseng), in both
observation periods, the histological appearance of
the acini and duct system of both glands were similar
to the control group. The vascular component was
characterized by mild dilatation of the blood vessels

(Fig.3).

Fig. (1) Photomicrograph of control submandibular gland
showing serous acini (A) and duct system composed of
intercalated ducts, striated ducts (S), granular convoluted
tubules (G) and excretory ducts (arrow), (H&E x100).
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showing mucous acini (A) and duct system composed of
intercalated ducts, striated ducts (S) and excretory ducts
(E), (H&E x100).

Fig. (3) Photomicrograph of submandibular gland of group
2 (ginseng) illustrsting normal appearance of serous acini
(A), striated ducts (S), granular convoluted tubules (G) and
excretory ducts (E). Slight blood vessel dilatation is also
noted (H&E x100).

In the third group (gamma irradiation),
three days after irradiation, acini of the
submandibular gland showed loss of normal
architecture, numerous prominent intracytoplasmic
vacuoles and degenerated acinar cells. The nuclei
exhibited variability in their size and were deeply
stained. Dilated duct system and dilated blood vessels
containing RBCs were observed (Fig. 4 A, C). Ten
days post irradiation, the acini showed
intracytoplasmic vacuolization, loss of architecture
and deeply-stained variable-sized nuclei. Duct and
blood vessel dilatation was noticed (Fig.4 B, D). Loss
of acinar structure and acinar degeneration were
observed in the sublingual gland three days post
irradiation (Fig.5)

In group 4 (ginseng and gamma irradiation),
three days after irradiation, acini of the
submandibular gland demonstrated mild
intracytoplasmic vacuoles and the acinar architecture
was slightly altered. The nuclei of acinar cells were
deeply stained. Normal duct system was observed
(Fig. 6 A, C).Ten days post irradiation,
submandibular acini revealed occasional cytoplasmic
vacuoles, in addition to slight alteration of acinar
architecture. The nuclei were almost of even size
with few deeply-stained ones. Both duct and vascular
system appeared normal (Fig. 4 B). The sublingual
gland showed almost normal histological appearance
of the acini, duct system and vascular component.
(Fig. 4 D)
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Fig. (4) Photomicrographs of group 3 (gamma irradiation) showing: In A, C (3 days post-irradiation): loss of acinar structures
(A), intracytoplasmic vacuolization’s (arrows) and slightly dilated striated ducts (S). In B,D (10 days post-irradiation): deeply
stained nuclei of variable size (black arrow), normal granular convoluted tubule (G), loss of acinar structure (yellow arrows),
slightly dilated striated (S) and excretory (E) ducts. (H&E x100(A-B) and x200 (C-D).
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Fig. (6) Fig. (4) Photomicrographs of group 4 (Ginseng & gamma irradiation) showing: In A, C (3 days post-
irradiation): mild alteration in acinar structure (A), few intracytoplasmic vacuoles (arrows), slightly dilated striated
(S) and excretory (E) ducts and normal granular convoluted tubule (G). In B (10 days post-irradiation): few
intracytoplamic acinar vacuoles (yellow arrows), occasional cytoplasmic vacuoles in lining cells of striated ducts
(black arrow), slightly dilated striated ducts (S) and excretory (E) ducts. In D: normal histological appearance of
sublingual acini, intercalated ducts (arrow) and excretory ducts (E), (H&E x100(A-B) and x200 (C-D).

II- Ultra structural findings: Parallel arrays of rough endoplasmic reticulum
The acinar cells of the control submandibular (RER) were seen in the vicinity of the nucleus.
glands contained electron dense basal nucleus. Secretory granules varying in size and in density,

117



Nature and Science 2013;11(8)

http://www.sciencepub.net/nature

oval mitochondria, Golgi apparatus and lysosomes
with variable densities were observed in the
cytoplasm. Inbetween adjacent cells, intercellular
canaliculi were identified (Fig. 7).

In group 2 (ginseng), the normal morphology of

the intracellular component was maintained.
Occasional confluent secretory granules were
observed (Fig.8).

In Group 3 (gamma irradiation) marked dilation
of rough endoplasmic reticulum (RER) was observed.
Fusion of several secretory granules formed large
accumulations of secretory material within the
cytoplasm. The acinar nucleus revealed irregular
outline with surface indentations. The intercellular
canaliculi appeared dilated (Figs.9-10)

In group 4 (ginseng and gamma irradiation)
mild ultrastructural alterations were noted. The acinar
nucleus had a regular outline. Discrete secretory
granules and mild dilatation of rough endoplasmic
reticulum were noted. Occasional intracytoplasmic
vacuoles were observed. Intercellular canaliculi were
slightly dilated (Figs.11-12).
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Fig. (7) Electron micrograph of control submandibular
acini revealing electron dense basal nucleus (N) and
secretory granules varying in size and in density (S) (uranyl
acetate and lead citrate x4000)

S

Fig. (8) Electron micrograph of submandibular acini of
group 2 (Ginseng) revealing electron dense basal nucleus
(N) secretory granules varying in size and density (S) and
normal intercellular canaliculi (I), (uranyl acetate and lead
citrate x4000)
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Fig. (9) Electron micrograph of submandibular acini of
group 3 (gamma irradiation) revealing electron dense basal
nucleus (N) showing surface indentations. Dilation of
rough endoplasmic reticulum (R) was observed. Fusion of
several secretory granules (S) formed large accumulations
of secretory material (arrows), (uranyl acetate and lead
citrate x4000)

Fig. (10) Electron micrograph of submandibular acini of
group 3 (gamma irradiation) revealing electron dense
nucleus (N) having an irregular outline, Dilated rough
endoplasmic reticulum (R), fusion of several secretory
granules (S) and dilated intracellular canaliculi (I), (uranyl
acetate an lead citrate xl 0000)
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Fig. (11) Electron micrograph of submandibular acini of
group 4 (Ginseng and gamma irradiation) revealing
electron dense nucleus (N) having a regular outline,
occasional confluence of secretory granules (S), few
intracytoplasmic vacuoles (V) and mild dilatation of
intracellular canaliculi (I), (uranyl acetate and lead citrate
x4000)
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Fig. (12) Electron micrograph of submandibular acini of
group 4 (Ginseng and gamma irradiation) revealing
electron dense nucleus (N) having a regular outline,
discrete secretory granules (S) and mild dilatation of rough
endoplasmic reticulum (R), (uranyl acetate and lead citrate
x15000)

4. Discussion

Salivary gland damage associated with
structural alteration and functional restriction is a
well-known sequel of radiotherapy in the head and
neck region because it is often not possible to exclude
salivary glands from the treatment field®.

Although salivary glands should be considered
to be radioresistant because of their highly
differentiated cellular state, they exhibit an exquisite
sensitivity to radiation, which is characterized by a
reduction in salivary flow rate, irreversible and
progressive loss of glandular weight and acinar cells,
and morphological changes in gland structure %27,

In the present study, light microscopic
examination of H&E stained paraffin of gamma
irradiated salivary glands revealed abnormal acinar
architecture, and variable-sized nuclei, in addition to
ductal and vascular dilatation. These results are
consistent with those obtained in previous studies”®
), Progressive loss of acini of salivary glands can be
attributed to the activation of mast cells and release
of their secretory products®”. Other investigators
have proposed that the atrophy of the secretory cells
without inflammation might be due to radiation-
induced apoptosis®".

Ill-defined acinar outline, abnormal acinar
architecture and atrophy of serous acini observed in
the parotid glands were also reported by Bralic®”
and De la Cal ®” in the submandibular gland and in
the parotid gland®®®. Late atrophy was the direct
result of acute loss of serous acini and reflects a lack
of regeneration of acinar cells receiving acute
injury®®. Evidence that the early loss of acini is due
to apoptotic cell death has been reported in
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monkeys®*? and in rats®®. Guchelaar ®” explained

that the early response resulting in atrophy of the
secretory cells without inflammation might be due to
radiation-induced apoptosis, while the late response
with inflammation could be a result of radiation-
induced necrosis. Other investigators have proposed
that progressive loss of acini in the parotid and
submandibular glands can be correlated to the
activation of mast cells and release of their secretory
products®?,

In the present study, the serous acinar cells were
more sensitive to irradiation damage than ductal
cells. These results are consistent with those observed
by Nagler ®” in the monkeys and by Sagowski®® in
the rats.

The pleomorphic appearance and derangement
of the acinar cells of parotid glands found three days
post irradiation were also observed by Onodera®.
This loss of normal architecture can be attributed to
disruption of the integrity of the cell membrane by
the action of free radical ions, as proposed by El-
Mofty and Kahn®”.

The duct system was intact and had a normal
morphology, consistent with that reported by
MuhviCc-Urek “”. Striated ducts appeared normal as
reported by Ahlner™ and Peter™. Moreover, the
intercalated ducts were intact in accordance with
Peter™. The ductal dilatation observed three days
after irradiation was in accordance with Radfar and
Sirois ® who detected ductal dilatation and
proliferation.

As dilated rough endoplasmic reticulum has
been associated with reversible cell injury*”, thus it
is concluded that the observed dilatation of RER
cisternae in the gamma irradiated group of the current
study was a sign of cell injury rather than a sign of
increased secretory activity.

The dilated intercellular canaliculi observed in
the gamma irradiated group of the present study can
be explained by the notion of Friedrich™ that
salivary gland cell membrane disruption can be
attributed to disturbed cell matrix interaction
following irradiation.

Conclusion

Based upon the histological and ultrastructural
findings of the current study it can be concluded that
ginseng can attenuate the deleterious effects of
gamma irradiation on salivary glands when
administered prior to radiotherapy.
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