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INTRODUCTION 

Management of head and neck cancer comprises 
a blend of surgery, radiotherapy, and chemotherapy. 

Despite highly improved radiotherapy technologies, 

the exposure of healthy normal tissues in the 

radiation field is unavoidable.(1,2) Radiotherapy 
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ABSTRACT

Introduction: Radiotherapy is one of the common modalities in management of head and neck 
cancers. However, many injurious effects were reported on unavoidable oral tissues in the radiation 
field including the tongue and its heterogeneous internal structure. It is important to define the 
optimum dose of radiation with minimal hazards on the healthy tissues along with classification of 
the tissues according to their radio-sensitivity. 

Purpose: To evaluate histomorphometrically and immunohistochemically the dose dependent 
response of lingual internal structures of rats exposed to gamma radiation. 

Materials & Methods: Twenty-two adult male albino rats were divided into 3 groups: control 
group (6 rats), R1 group (8 rats) irradiated by 2.0 Gy whole-body gamma dose, and R2 group (8 
rats) irradiated by 6.0 Gy. The effects on lingual internal structures were investigated after 3 days 
by histomorphometric and immunohistochemical staining for Caspase-3 using light microscopy. 

Results: There were a dose related changes in the minor salivary glands with more changes 
in serous glands. Mild changes were observed in muscles only at 6 Gy dose. The expression 
percentage of caspase-3 protein was significantly increased in a dose dependent manner in both of 
the irradiated groups when compared with control group P<0.05. Whereas, it was non-significant 
when compared the expression percentage of Caspase-3 between the irradiated group R1 (2 Gy) and 
irradiated group R2 (6Gy) P>0.05. Conclusion: Gamma radiation especially 6 Gy dose adversely 
affects the internal structures of the tongue with the most affected are serous acini and the least are 
the muscle cells.

KEYWORDS: Gamma radiation, caspase-3, lingual glands, intrinsic muscles.
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negatively affects several oral and paraoral tissues 
including skin, mucosa and bone tissues.(3) In 
addition, radiation was reported to be a causative 
factor in hard dental tissues defects(4) as well as 
delayed teeth eruption (5) along with being a potent 
carcinogen.(6)  

One of the normal tissues accidentally exposed 
to radiation is the tongue; the covering mucosa of 
the tongue and other oral structures are relatively 
well covered in the literature particularly regarding 
radiation induced oral mucositis which is consid-
ered one of the most frequent radiotherapy com-
plications. (7,8) On the other hand, relatively less 
concern was directed to the radiation effects on the 
internal structures of the tongue such as the intrinsic 
muscles and minor salivary glands. However, sev-
eral studies were conducted to evaluate the radiation 
induced damage on major salivary glands (9-12) and 
skeletal muscles of different regions. (13-19) 

Radiation-induced xerostomia is multi-factorial 
including damage to major and minor salivary glands 
and associated nerves as well as endothelium. (9) 
Salivary glands are exquisitely sensitive to radiation 
where early (acute) effects occur within a few days 
or weeks of irradiation, due to high levels of cell 
death particularly the acinar cells. (20-22) Thus, the 
affected human individuals display a 50-60% loss of 
salivary flow within the first week of radiotherapy. 
(10, 23, 24) The onset of radiation induced damage is 
more rapid in rodents, hence, only 24 hours after 
radiation exposure, mouse parotid glands have 
about 30% apoptosis after a single 5-Gy exposure, 
compared with 15% after a single 1-Gy dose. (25, 26)

The serous acini were reported to be degenerated 
and impaired by radiation doses in an acute manner. 
Moreover, chronic salivary gland dysfunction has 
been attributed to these changes in serous acinar  
cells and replacement by connective tissue and 
fibrosis. (27-30) The exact cause for acinar cell loss 
following irradiation has been widely debated. 
Previous work in the rat revealed radiation-

induced apoptosis by counting condensed nuclei 
and reported 2-3% apoptotic cells 6 hours after 
treatment within range of doses (2.5-25 Gy). (31) 
Dose-dependent radiation-induced apoptosis was 
detected in mice serous acini with significantly 
higher levels detected by immunohistochemistry 
against activated caspase-3. (25, 26)

Regarding radiation effects on the skeletal mus-
cles in general, patients previously were subjected to 
radiotherapy develop severe atrophy and weakness 
of the neck muscles mostly by myogenic damage. 
(32) On the other hand, investigations about how ra-
diation can directly affect skeletal muscle morpho-
logically and functionally are relatively few. Some 
authors claimed that gamma radiation induces mus-
cle cell apoptosis. (33) Others reported that radiation 
impairs the activation, proliferation and differentia-
tion of muscle satellite cells, as well as interfering 
in membrane permeability and affecting sodium and 
potassium pump. (34) More recently dose dependent 
DNA damage induced by gamma radiation in the 
fish muscle tissues was reported. (35) Indirect muscle 
damage caused by an extrinsic factor such as pro-
gressive microvascular fibrosis was also concluded 
in previous work. (32) 

For the lingual muscles in particular, it was ob-
served that radiotherapy may be accompanied by 
swallowing complaints mostly caused by to mus-
cular fibrosis and edema as well as formation of 
excess fibrous connective tissue. (36, 37) Moreover, 
tongue strength is reduced following head and neck 
radiotherapy. (38, 39) Radiation is also associated with 
a significant down regulation of tongue force pro-
duction along with abridged speed of tongue muscle 
contraction. (40) However, most of the previous work 
was directed mainly on the effect of gamma radia-
tion on the extrinsic muscles of the tongue rather 
than intrinsic.

The limited work on the effect of gamma radiation 
on the minor salivary glands of the tongue along with 
the lingual intrinsic muscles lead to the requisite 
to more specified work in this field. In the present 



EVALUATION OF DOSE DEPENDENT EFFECTS OF GAMMA RADIATION (1317)

work, we aimed to study histomorphometrically 
and immunohistochemically the dose dependent 
response of lingual internal structures (minor 
salivary glands, muscles and connective tissue) of 
rats exposed to gamma radiation and to correlate 
between the dose of radiation  and tissue response.

MATERIALS AND METHODS

Materials

Twenty-two adult male albino rats of average 
250 grams weight were housed in wire mesh cages 
under controlled temperature. The experimental 
procedure was conducted in compliance with 
ethical principles for animals’ research, which has 
matched the institutional guidelines of the Bio-
ethical Committee of the Ain Shams University. The 
rats were divided into 3 groups: group 1 (control 
group), 6 healthy non-irradiated rats. The other 16 
rats were irradiated, group R1; 8 rats were subjected 
to 2 Gy gamma radiation dose and group R2; 8 rats 
were subjected to 6 Gy gamma radiation dose. The 
irradiation process was performed in the Radiation 
Department in Atomic Energy Authority in Egypt. 

Sample preparation for histological examination

All rats were killed 3 days after irradiation. 
Tongues were dissected and prepared for histological 
and immunohistochemical examinations. The tissue 
specimens were fixed in 10% neutral buffered 
formalin routinely processed and embedded in 
paraffin. Serial sections were cut at 5µm thickness, 
and one set of sections was stained with haematoxylin 
and eosin (H&E) (41) for histological examination 
and histomorphometric analysis.  Another set 
of sections was used for immunohistochemical 
staining for Caspase-3 antibody.

Immunohistochemistry:  

Immunohistochemical staining was performed 
using a peroxidase labeled streptavidin biotin 
complex. Five µm thick sections of paraffin-
embedded tissues were deparaffinized in xylene and 

routinely processed through ascending hydrated 
alcohol. Endogenous peroxidase activity was 
blocked with 0.3% hydrogen peroxide in methanol. 
Prior to immunostaining for antigen retrieval, the 
sections were pretreated with microwave in 10 
mM citrate buffer (pH 6.0) for 10-20 min followed 
by cooling at RT for 20 min then ultra V blocks 
were applied and the samples were incubated 5 
minutes at room temperature to block nonspecific 
background staining. Mouse monoclonal antibodies 
for Caspase-3 (dilution1:200) diluted in phosphate-
buffered saline (PBS) were applied directly to the 
slides and incubated at 4º C overnight. Primary 
antibody enhancer was applied then the samples 
were incubated for 10 minutes at room temperature 
and washed 4 times in buffer. HRP polymer was 
applied and samples were incubated for 15 minutes 
at room temperature and washed 4 times in buffer. 
One drop (40ul) DAB plus Chromogen was added to 
2 ml of DAB Plus Substrate, mixed by swirling and 
applied to the tissue then incubation for 5 minutes to 
visualize the reaction products then the slides were 
washed in deionized water 4 times. The sections 
were counterstained with hematoxylin. Positive 
controls of specimens of normal tissue were used. 
For negative control studies, the primary antibodies 
were replaced with normal mouse or rabbit IgGs.

Histomorphometric and immunohistochemical 
analysis:

Histomorphometric analysis was conducted by 
measuring the average size of the serous acini as 
well as the width of the connective tissue (lamina 
propria) in 5 regions in each slide.  

The percentage of positive cells with Caspase-3 
brown stain (positive reaction) to total number of 
cells at 400x magnification was calculated in five 
microscopic fields captured with a camera and 
the mean was determined automatically using 
MacBiophotonics ImageJ v.1.50e, quantitative 
immunohistochemical image processing and 
analysis software (National Institute of Health, 
Bethesda, Maryland, USA). 
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Statistical Analysis: 

The results were tabulated and statistically 
analyzed using statistical package for social science 
(SPSS for Windows, release 15.0; SPSS, Inc., 
Chicago, IL). Fisher’s exact test and Student’s 
t-test were used to obtain statistically significant 
differences between each 2 groups with P < 0.05 
being considered statistically significant.

RESULTS

Histological and histomorphometric results

Examination of the muscle bundles in the samples 
of control group revealed regular longitudinal 
and transverse sections with peripheral nuclei and 
no signs of degenerations. Rats of group “R1” 
irradiated with 2 Gy displayed almost the same 
features of control group while those of group “R2” 
irradiated with 6 Gy showed signs of degenerative 
changes. Fragmented areas were frequently seen 
in the muscle bundles in addition to isolated fatty 
degeneration that was observed rarely (figure 1). 
The connective tissue underlying the dorsal surface 

of the tongue of control group showed dense fibrous 
tissue with non-congested blood vessels. On the 
other hand, both of the irradiated groups revealed 
some empty spaces infiltrating the connective 
tissue. Group “R2” showed apparent presence of 
inflammatory cells in addition to relative decrease in 
the width of the connective tissue from epithelium 
to the muscle fibers (figure 2). 

Regarding the minor salivary glands, the mucous 
tubules of control group showed the characteristic 
foamy appearance with peripheral flat nuclei and 
well defined outline of the tubules. Almost similar 
findings were observed in irradiated group “R1”. 
Group “R2” showed rather ill- defined margins of 
the mucous tubules with loss of cellular integrity 
in some regions (figure 3 A-C). Besides, the serous 
acini of control group showed dense contents and 
rounded nuclei and similarly were those of group 
“R1”. On the other hand, in group “R2” there was 
a clearly seen distortion of the acini as well as 
heterogenicity of their staining and outlines along 
with apparent decrease in their size (figure 3 D-F).

Fig. (1) Photomicrograph of muscle bundles of control group (A) and Group R1 (B) showing longitudinal sections (arrow heads) 
and cross sections (arrows) of muscle bundles. Group R2 (C)  with fragmented fibers (arrow head) and fatty degeneration 
(arrow) (H&E x 400).
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The average width of the connective tissue and 
the average size of the serous acini were measured 
using Image J analyzer. The mean values of both 
connective tissue width and serous acini size 
were descending from control group, group R1 
till group R2 respectively (table 1) and (figure 
4). The difference between each two groups in  

table (1) showed that the difference in connective 

tissue width was statistically significant in the 

comparison between control group and group R1 

and between control group and group R2. While the 

difference in the serous acini size was statistically 

non-significant in all comparisons.

Fig. (2) Connective tissue of control group (A) with non-congested blood vessel (black arrow). Group R1 (B) showing minute 
empty spaces (arrow head) and group R2 (C) with wider spaces (arrow heads) and inflammatory cells (black arrow). Note 
the red double ended arrows to reveal the difference in connective tissue width (H&E x 400).

Fig. (3) Mucous tubules of control group (A) and group R1 (B) with foamy appearance. Group R2 (C) with hyaline appearance 
(arrow) and ill-defined margins. The serous acini of control group (D)  and Group R1 (E) showing dense regular acini while 
group R2 (F) had distorted acini (arrow head) and deep stained (white arrow) and pale stained (red arrow) (H&E x 400).
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Immunohistochemical results:

The expression of caspase-3 was observed 
as brown staining in nuclei and cytoplasm of 
investigated tissues with different degree of intensity 
and distribution depending on the type of tissue and 
dose of radiation. The mean expression percentage 
of Caspase-3 was increased in all tissues in 6 Gy 
and 2Gy irradiated groups when compared with the 
control groups (figure 5).

 In control group the expression in mucous and 
serous cells was observed in nuclei and the mean 
expression percentage of Caspase-3 was 15.025% 

in mucous acini and it was 14.5 % in serous acini 
(figure 1A,B) (table 2). In muscle tissues, the 
expression was weak and observed in the nuclei and 
the cytoplasm and the mean expression percentage 
was 25.225 % (figure 6 A) (table 2).  In connective 
tissues, the expression of Caspase-3 was observed in 
fibroblasts and the endothelial cells of blood vessels 
and the mean expression percentage was 23.35% 
(figure 7 B) (table 2).

In animals treated with 2Gy radiation dose, the 
expression of Caspase-3 was increased in intensity 
and distribution when compared with control 

Fig. (4) Change in connective tissue width and serous acini size 
in the control and irradiated animals. There is decrease 
in both of parameters in irradiation groups (R1, R2) as 
compared to control groups. 

TABLE (1): The mean values of serous acini size and connective tissue width in control and irradiated groups   

Mean value of Size 
(um2)/width (um) P value

Mean value of Size(um2)/
width (um) P value

Mean value of Size 
(um2)/width (um) P value

Control 2Gy Control 6Gy 2Gy 6Gy

Serous acini size 
(um2)

836.33 782.71 0.170 836.33 744.83 0.155 782.71 744.83
0.811

Connective tissue 
width (um)

151.97 128.06 0.049* 151.97 124.94 0.026* 128.06 124.94 0.807

* significant.

Fig. (5) Caspase-3 expression percentage of tongue tissues 
in control and irradiated animals. There is increased 
expression percentage of Caspase-3 in irradiation 
groups (R1, R2) as compared to control groups. The 
expression percentage increased when the dose is 
increased.
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group. The mean of expression percentage was not 
significantly increased when compared with control 
group P >0.05 (table 2).

In animals treated with 6Gy radiation dose, the 
expression of Caspase-3 was increased in intensity 
and distribution when compared with both control 
group and the 2Gy radiation treated group. There 
was a significant difference when comparing 

the mean expression percentage of Caspase-3 in 
6Gy irradiation group with the control group in 
mucous acini and muscle tissue while it was highly 
significant in serous acini and the connective tissue  
P<0.05 (table 2). Although the mean expression 
percentages of Caspase-3 in 6Gy irradiation group 
was increased as compared to that of 2Gy irradiation 
group, there were no significant differences P>0.05 
(table 2).

Fig. (6) Immunohistochemistry for Caspase-3 in muscle tissue (A-C) and connective tissue (E-G) of the tongue in control and in 
animals treated with irradiation (R1, R2). Hematoxylin counterstain. Positive weak expression for Caspase-3 observed in 
control group (A &E). In irradiation groups the expression was increased in group R1 (B & F) and more increased in group 
R2 (C &G). X400

TABLE (2): The mean expression percentage of Caspase-3 in control and irradiated groups

Mean Expression % P value Mean Expression % P value
Mean Expression 

% P value
Control 2Gy Control 6Gy 2Gy 6Gy

Mucous 15.025 23.2 0.346 15.025 26.825 0.014* 23.2 26.825 0.137

Serous 14.5 30.675 0.325 14.5 63.85 0.004** 30.675 63.85 0.095

Muscle 25.225 44.075 0.07 25.225 67.2 0.042* 44.075 67.2 0.233
Connective 

tissue
23.35 34.675 0.29 23.35 39.1 0.003** 34.675 39.1 0.639

*significant   ** highly significant
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DISCUSSION

The present work was conducted to evaluate 
gamma radiation effects on the internal structures 
of rat tongue. We performed animal model study 
due to the easy handling and conciseness of the 
effects observation, and physiological similarity to 
humans. (42, 43) We used 2 doses of gamma radiation, 
one is 2 Gy as the conventional head and neck 
cancer radiotherapy involves daily fractionation (2 
Gy per fraction) over the course of several weeks 
(usually 7 weeks) (44, 45) and the second was 6 Gy 
dose to evaluate the dose dependence of radiation 
effects. We performed single dose radiation model, 
as the ability to criticize the mechanisms involved 
in salivary gland dysfunction is relatively limited in 
fractionated radiation studies; thus, studies using an 
appropriate single dose might donate greatly. (46) 

The tongue is a complex muscular organ 
encloses both serous and mucous minor salivary 
glands embedded between the intrinsic muscles 
which made this organ responds to external irritants 

as radiation in a heterogenous manner according to 
the radio-sensitivity of each tissue. Interestingly, 
we observed different responses histologically and 
immunohistochemically in the different tissues. 
This coincides with the scale of radiosensitivity 
presented by Grundmann et al., 2009 (46)   who 
reported that the muscles are more radio-resistant 
in comparison to oral mucosa whereas salivary 
glands are radiosensitive in relation to the former 
two tissues.

In the present work, we demonstrated that the 
serous acini were the most affected structure in 
the studied ones. Distortion of acini, decrease in 
size and increased apoptosis in a dose dependent 
manner were displayed which support the previous 
findings (20-22, 47, 48) however, most of these studies 
were directed to the major salivary glands which 
entails the need for our work to confirm whether the 
same effects occurs in the minor salivary glands. We 
observed that degenerative changes in the serous 
acini were more evident statistically in rats irradiated 
with 6 Gy. This is in accordance to Vissink et al., 

Fig. (7) Immunohistochemistry for Caspase-3 in mucous Acini (A-C)  and in serous acini (E-G) of the tongue in control and in 
animals treated with irradiation (6Gy, 2Gy). Hematoxylin counterstain. Positive weak expression for Caspase-3 observed 
in control group (A &E). In irradiation groups the expression was increased in 2Gy radiation group (B & F) and more 
increased in 6Gy irradiation group (C &G). X400
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1990 who reported that single dose of 5 Gy causes 
40% reduction in salivary flow rates. (49) Moreover, 
the most consistent observations reported in animal 
models were the decrease in flow rate and glandular 
weight along with loss of acinar area. (27, 29, 49, 50) 
Our work could be an addition to the explanation 
of the previously reported radiation-induced  
xerostomia. (9) 

In the present work, the rats were sacrificed 3 
days after radiation, however, observable changes 
were detected. This is in agreement with previous 
work who stated that early effects as cell death may 
occur within a few days after irradiation. (20-22) the 
present results revealed apoptotic changes in sali-
vary glands which coincide with other work on ro-
dents where apoptosis was detected 24 hours after 
radiation exposure with doses ranges starting from 
2.5 Gy. (25, 26, 31) 

In the present study, we observed mild changes 
histologically but relevant apoptotic changes in the 
tongue muscles. The effects of gamma radiation 
on skeletal muscles of different regions were 
reported previously. (13-19) However, these studies 
revealed different pattern of changes, which might 
be attributed to the difference in the species and/
or the studied muscles. The explanation of the 
muscle response to gamma radiation could be the 
apoptotic changes that were evident in our work 
by immunohistochemical examination. This is in 
agreement with some authors reported radiation-
induced muscle cell apoptosis. (33) Our results 
might shed light on the mechanism of swallowing 
complaints & reduced tongue strength accompanied 
by radiotherapy. (36-40) 

We suggested that there is an indirect pathway 
of muscle impairment involving the distressing 
effects of radiation observed in our work in the 
connective tissue surrounding the tongue. This 
effect on the connective tissue coincides with El-
Saadany et al., 2017 who presented radiation-
induced mucositis of rat tongue. (51) However,  

the detected immunopositive reaction in our results 
matches the results of Lee et al., 2005 who detected 
caspase expression in the muscles of the irradiated 
rats. (52) The present study could give a primary 
assessment of the dose dependent radiation effects 
on the lingual internal structures, however, more 
effort might be needed to evaluate the reversibility 
of these effects and the possible ways for protection 
of radiation-induced changes. 

CONCLUSIONS

Within limitations of the present study, we can 
conclude that gamma radiation adversely affects 
the lingual intrinsic muscles , connective tissue and 
minor salivary glands. The serous glands are more 
radiosensitive than mucous while intrinsic muscles 
are the most radio-resistant structure of the tongue 
interior.
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