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Objective: 7o investigate the correlation between the expression of nerve growth factor (NGF)
and tissue injury in irradiated rat submandibular gland.

Methods: The salivary gland regions of the rats were irradiated with a single dose of 15 Gy
X-ray. The histopathological changes in the submandibular gland were observed, while the
expression of NGF was determined by immunohistochemistry and real-time PCR.

Results: The weight of the body and submandibular gland decreased in the irradiated rats
30 days after irradiation, compared with the control group. There were also significant his-
topathological changes in the submandibular gland of the irradiated rats compared with the
non-irradiated rats. The acinar cells and ducts were degenerated obviously. Fibrosis appeared
around the ducts. The mRNA and protein expression of NGF in the submandibular gland
decreased in the irradiated rats compared with the control group. Protein expression of NGF
was even observed in the striated duct in the irradiated rats.

Conclusion: NGF may play an important role in protection of the submandibular glands of

rats _from radiation.
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adiotherapy is frequently used in the treatment of
alignant tumours in the head and neck. However,
xerostomia is probably the most common persistent oral
sequela for patients who receive therapeutic doses of

radiation for head and neck cancer!.
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Irradiated serous salivary glands undergo interphase
cell death by apoptosis, resulting in degenerative
changes in serous acinar cells. However, more recent
findings suggest that cell-membrane damage by radia-
tion impairs receptor-cell signalling, which in turn leads
to compromised and incomplete function®3. Damage
also occurs in the parenchyma of the salivary gland, and
radiation-associated inflammation, vascular changes
and oedema contribute to the overall extent of damage.

It is reported that some growth factors are important
radioprotectors in the therapy of radiation injuries*>,
such as nerve growth factor (NGF). Although the best
documented activity of NGF is on nerve cells, roles of
NGF in tissue repair processes have been proposed.
NGF affects haematopoietic and immune cells, which
are important for radiation injuries®. Whether the
expression of NGF in the submandibular gland is or is
not changed after the radiation remains unexplored. The
present study was designed to explore the expression of
NGF in the submandibular gland after irradiation.
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Materials and methods
Animals and irradiation protocol

Male Sprague-Dawley rats (body weight between 200
and 300 g) were divided into control groups and irradi-
ated groups (10 rats in each group), and housed in cages
under a 10:14 hour light:dark cycle for 1 week before
the experiments. Food and water were given ad libitum
with a soft diet provided for both control and irradi-
ated rats. Prior to irradiation, the rats were anaesthetised
by an intraperitoneal injection of sodium pentobarbital
(40-50 mg/kg body weight). After being anaesthetised,
the rats were tied on their backs to a wooden tablet that
was separated into five lattices. The body, including the
oral cavity, was shielded from irradiation with 8-mm-
thick lead, with an opening for the salivary gland regions
about 2 cm in width. The rats were put under the radio-
active source. The machine (electron linear accelerator;
SL-18, Philips, Holland) was operated at 6 MeV, with a
dose rate of 4.0 Gy/min at 100 cm. The rats were irradi-
ated with a single dose of 15 Gy X-rays, which is con-
sistent with previous studies’-8. Animals in the control
group were anaesthetised but were not irradiated. All
experiments were approved by the Animal Care and Use
Committee of Peking University.

Tissue samples and light microscopy

The rats were sacrificed with an overdose of sodium
pentobarbital (100 mg/kg body weight) as described
above on the third and thirtieth day post-irradiation. The
submandibular glands were isolated and weighed. Tis-
sue samples for real-time PCR analysis were immedi-
ately frozen in liquid nitrogen and stored at -80°C. Sam-
ples for immunohistochemistry were freshly fixed in 4%
paraformaldehyde in phosphate buffered saline (PBS).
The specimens were dehydrated in graded alcohols and
xylene, and embedded in paraffin. Sections (5 mm thick)
were stained with conventional haematoxylin and eosin
(H&E).

Real-time PCR

Total RNA was extracted with TRIzol (Invitrogen,
Carlsbad, CA, USA) in accordance with the manufac-
turer’s instructions, and the integrity was evaluated by
electrophoresis in 1% agarose gel. Real-time-PCR (RT-
PCR) was conducted with an iScript cDNA Synthesis
Kit (Bio-Rad, Hercules, CA, USA) in 20 pl reaction vol-
ume containing 1 pg of total RNA, incubated at 25°C for
5 min, transcripted at 42°C for 30 min, and terminated
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by heating at 85°C for 5 min. The synthesised cDNA
was stored at -20°C until used. RT-PCR ‘was performed
with a Power SYBRGreen PCR Master Mix (Applied
Biosystems, Foster City, CA, USA) using-a 7500 RT-
PCR System (Applied Biosystems). The reactions were
run in duplicate with 1 pl of cDNA template in a 20
ul reaction volume with the program running for 50°C
for 2 min, 95°C for 10 min, followed by 40 cycles of
94°C for 15 s and 60°C for 1 min. The amplification
specificity was confirmed by melting curve. The mRNA
level of the target gene was acquired from the value of
threshold cycle (Ct) as a relative level to that of B-actin
through the formula 2-ACt (ACt = B-actin Ct - gene
of interest Ct). The efficiency of the primers was con-
firmed by sequencing the conventional PCR products
before applying for RT-PCR. The primers synthesised
according to the sequences in previous reports were as
follows: rat NGF sense/antisense, 5°-TAA GAG TAC
CCA CAA AGT TT-3’/5’-CCT GCT TTC TGA CCA
GTC TT-3"%; rat B-actin sense/antisense, 5’-TGA CAG-
GAT GCA GAA GGA GA-3’/5’-TAG AGC CAC CAA
TCC ACA CA-3°10,

Immunohistochemistry

The immunostaining was performed by the three-step
streptavidin-biotin-peroxidase method using commer-
cially available kits (Zhongshan Golden Bridge Biologi-
cal Technology, Beijing, P.R. China). After incubation
with antibody against NGF (diluted at 1:100) for 12 h
at 4°C, the sections were thoroughly washed with 0.1
M PBS, followed with incubation with horseradish per-
oxidase-conjugated secondary antibodies for 30 min at
room temperature. After thorough washes with 0.1 mol/I
PBS, the sections were visualised using 3, 3’-diami-
nobenzidine (Zhongshan Golden Bridge Biological
Technology). The sections were finally counterstained
with Mayer’s haematoxylin.

Statistical analysis

All values were reported as mean + standard errors (SE)
and were tested for statistical significance compared
with the control group by an unpaired Student 7 test.
Values of P < 0.05 were considered to be statistically
significant.
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Fig1 Body weight of control and irradiated rats on day 3 and
day 30 post-irradiation. Data are means + SE; *P < 0.05; nor =
normal; rad = radiation.

Results

Body weight, submandibular gland weight

On day 3 and day 30 post-irradiation, body weights of
the irradiated group significantly decreased by 7.86%
and 22.84%, compared with the control group, respec-
tively (Fig 1). Figure 2 shows the effect of radiation on
the wet weight of the submandibular glands. On day 30
post-irradiation, the weights of the dissected submandib-
ular glands from irradiated rats significantly decreased
by 20.37% compared with the control rats.

Morphology change in irradiated rats

Compared with the control group, degenerative chang-
es in the submandibular glands of irradiated rats were
observed after irradiation (Fig 3). The cells were replaced
by fibrosis. Vascular congestion and ductal ectasia were
observed on day 30 after irradiation (Fig 3C). A large
scale of atrophy and disappearance of acinar cells were
observed on day 30 post-irradiation (Fig 3D). No obvi-
ous inflammation was found after irradiation.

NGF expression in irradiated rats

RT-PCR was used to assess NGF mRNA levels in rat
submandibular glands on day 3 and day 30 post-irradi-
ation. Densitometry analysis (Fig 4) revealed that the
NGF mRNA Ilevel in the submandibular glands of irradi-
ated rats decreased to 20% of that in the non-irradiated
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Fig2 Submandibular gland weights of control and irradiated
rats on days 3 and day 30 post-irradiation. Data are means +
SE; *P < 0.05 vs. control group; nor = normal; rad = radiation.

rats on day 3 post-irradiation and decreased further to
12.5% of that in the non-irradiated rats on day 30 post-
irradiation.

Immunostaining of NGF was mainly detected in the
granular convoluted tubule cells, in the submandibular
glands of non-irradiated rats (Fig 5). Decreased immu-
nostaining of NGF was seen in the submandibular
glands of irradiated rats on day 3 (Fig 5B) and day 30
(Fig 5D) after irradiation. Moreover, NGF was also
observed in the cells of the striated ducts in the sub-
mandibular glands of irradiated rats on day 3 and day
30 post-irradiation, while negative staining in the cells
of the striated duct was seen in the control group.

Discussion

In the present study, decreases in body weight and gland
weight were observed in the irradiated rats on day 30
post-irradiation, which are consistent with previous
reports'!. The decrease in body weight may be due to
the decreased food and water intake after irradiation.
The decrease in gland weight may be due to radiation-
induced gland atrophy, as irradiation damages the acinar
and ductal cells of the submandibular gland.
Therapeutic administration of irradiation is usually
performed over several days to minimise damage to
healthy tissues and organs. The results of fractionation
protocol studies suggest that although damage can be
delayed in some instances, salivary gland dysfunction
still occurs in a dose-dependent fashion. Radiation-
induced changes are dependent on the total dose
delivered for both low- and high-rate administration. In
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Fig 3 Radiation-induced morphological changes in rat submandibular glands. The normal submandibular gland parenchyma is

composed mainly of acinar cells, duct cells and granular convoluted tubules (A). There are limited acinar and ductal cell changes in
the gland on day 3 after irradiation (B). The cells were replaced by fibrosis. Vascular congestion and ductal ectasia was observed
on day 30 after irradiation (C). A large scale of atrophy and disappearance of acinar cells (indicated by arrow) were observed (D).
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Fig4 RT-PCR analysis for NGF expression in the submandib-
ular gland. The mRNA expression of NGF was down-regulated
significantly on both day 3 and day 30 after irradiation. The y
axis represents relative expression compared to normal. *P <
0.05 vs. control group; nor = normal; rad = radiation.
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Fig5 Immunohistochemistry of NGF in rat submandibular glands. Immunostaining of NGF decreased in the submandibular glands

of irradiated rats on day 3 (B) and day 30 (D) after irradiation. The staining of NGF was also observed in the cells of the striated ducts
in the submandibular glands of irradiated rats on day 3 and day 30, while negative staining was present in the cells of the striated

duct in the control group (A and C).

the rats, a single dose below 20 Gy radiation induced
damage equivalent to clinical radiotherapy tissue dam-
age®. Functional studies in the rat suggest a ceiling dose
equivalent to acute administration of 15 Gy. When high
acute doses are employed, much of this initial decrease
in body weight appears to result from decreased food
and water intake due to radiation-induced transient irri-
tation of oropharyngeal tissues.

Studies in rats reported a 40% reduction in salivary
flow rates with single doses of 5 or 10 Gy, and approxi-
mately 60% reduction following 15 or 20 Gy 3 days
after treatment®. The maximum changes in the flow
rate and phosphate and calcium concentrations and the
largest changes in sodium and potassium concentrations
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were also observed within this period®. Loss of serous
acinar cells has been linked to reductions in salivary
flow, since these cells account for about 80% of parotid
gland volume and are responsible for water and protein
secretion. At day 30, however, the rate of secretion
of amylase decreased again, and this may represent
incomplete tissue regeneration and late stromal effects
such as delayed vascular damage®. In general, chronic
dysfunction has been attributed to loss or impairment of
serous acinar cells and replacement by connective tissue
and fibrosis!2. Many studies have reported significant
acinar cell atrophy at chronic time-points'3.

In the present study, the authors found that the
endogenous expression and distribution of NGF in
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the submandibular gland decreased after irradiation,
compared with the non-irradiated gland. This is the
first report about decreased expression of NGF in the
submandibular gland after irradiation. The expression
of NGF in the submandibular gland decreased after irra-
diation, which is consistent with a previous report on
granulation tissues after total-body irradiation'4. NGF
might contribute to the repair process by influencing
the inflammatory response and promoting angiogenesis,
according to previous studies'>1®. Further research is
required to find out whether the tissue repair ability of
NGF can be applied in the submandibular gland.
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