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ABSTRACT

Aim: The aim of this study was to evaluate the effect of pilocarpine on the histo-
logical changes, induced by exposure to radiation therapy, in the rat’s lingual salivary 
glands. Subjects and methods: This study was carried on 30 adult male Sprague-
Dawley rats weighing 150-250 g. That the rats were divided into 3 groups (10 rats per 
each). Group I: Control group received neither radiation nor drug. Group II: exposed 
to a single whole body γ-irradiation at dose of 6 Gray (Gy). Group (3): the rats were 
injected intraperitoneally by a single dose of pilocarpine hydrochloride (0.2 mg/kg) 
90 minute before the exposure of the previous dose of radiation. Results: One week 
after x-ray radiation the glands demonstrated marked destructive changes. These changes 
comprise in the form of loss of acinar architecture, and acinar degeneration and atrophy. 
Pilocarpine administration prior to radiation has decreased, but not completely prevents, 
the harmful effects of radiation. The radioprotective effect of pilocarpine treatment was 
manifested by the decreased atrophic changes and the absence of degenerated acinar 
cells. Conclusion: Administration of pilocarpine can protect, to some extent, the lin-
gual salivary glands against radiation histological damage.

INTRODUCTION

Head and neck cancer is the sixth most common malignancy world-
wide.(1) Each year about 500,000 patients world-wide were treated 
for head and neck cancer. The majority of these patients were treat-
ed with radiotherapy either alone or in combination with other treat-
ment modalities such as surgery and/or chemotherapy. (2,3) Radiation 
therapy has been used effectively in treating head and neck cancers 
for many decades; it is used to cure cancer and also to alleviate can-
cer-associated symptoms.(4) The use of radiation as a therapeutic mea-
sure leads to significant alterations that occurs not only in cancer cells 
but also in healthy tissues.  It causes also unwanted symptoms during 
and after the treatment, including dry mouth or xerostomia, mucosi-
tis, dental carries, difficulty in swallowing, and eventually inadequate  
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feeding.(5) Therefore, xerostomia significantly im-
pairs patients’ quality of life and can compromise 
the continuity of their cancer treatment.(6) Several 
studies have shown significant improvement in ra-
diation induced xerostomia when pilocarpine was 
given along with radiotherapy(7).

Pilocarpine pretreatment was also proved as pro-
tective agent  against irradiation, displaying much 
less damage after irradiation of the same dosage.(8) 

Pilocarpine is a naturally occurring compound 
derived from the South American shrub Pilocarpus 
jaborandi. This plant alkaloid is acholinergic para 
sympathomimetic agonist that binds to muscarin-
ic-M3 receptors and can cause pharmacological 
smooth muscle contraction in humans and stimula-
tion of various exocrine glands.(9)  Pilocarpine hy-
drochloride (Salagen)  are currently indicated for 
treatment of radiation-induced dry mouth.(10) 

In a previous study) use of pilocarpine  provided 
significant relief to patients with radiation-induced 
dry mouth. They demonstrated that, the use of pi-
locarpine  significantly improved symptoms of in-
traoral dryness, oral discomfort, and dysphonia and 
patients’ global assessment of dry mouth as well as 
reduced the need for administration of oral comfort 
agents such as artificial saliva, water, and hard can-
dy. The patients  also demonstrated a statistically 
significant increase in saliva production, measured 
as either whole-mouth or parotid salivary flow. It is 
through this mechanism that cholinergic stimulation 
of residual-functioning exocrine glandular tissue in 
patients. There have been many animal studies on 
the effect of radiation on the major salivary glands 
,however no studies reported in regard to the effect 
of radiation on the lingual salivary glands(11) .The 
aim of this study was to evaluate the histological  
alterations that occur in the lingual salivary glands 
acinar cells of rats subjected to radiation with or 
without pilocarpine pretreatment . 

MATERIALS AND METHODS

 Experimental animals:- 

30  adult male Sprague- Dawley rats weighing 
150-250 g were used in this  investigation. The 
procedure and management were carried out at 
the animal house of  National Center of Radiation 
Research and Technology (NCRRT), Cairo, Egypt.  

The experiment was performed after accom-
modation period in the laboratory environment for 
7 days. The rats were housed in a room with con-
trolled temperature 25°C ± 2°C, humidity 50% ± 
5%, and about 12-hour light/dark cycle and were 
fed on chew and water ad labium. 

Grouping and drug administration: 

The animals were divided randomly into 3 main 
groups as follows: 

Group  (I): the control group consisted of 10  
rats used as control for the other group of animals,  
and received  neither radiation nor drug.

Group (2): consisted of 10 rats will be exposed  
to a single whole body γ-irradiation at dose of 6 
Gray (Gy).

Group (3): consisted of 10 rats injected intra-
periotonial by a single dose of pilocarpin  (0,2 mg/
kg)  (Sigma Chemical Co., St. Louis, MO) dissolved 
in 1ml of normal saline  then exposed  to a single 
whole body γ-irradiation at dose of 6 Gray (Gy).

Irradiation Technique:-

The whole body irradiation of animals was per-
formed at National Center of Radiation Research 
and Technology (NCRRT), Cairo, Egypt, using 
Gamma cell 40. Gamma cell 40 is a Cesium 137 
irradiation unit manufactured by Atomic Energy of 
Canada Limited (AECL) and designed for use in an 
unshielded room. The unit provides a mean for a 
uniform gamma irradiation of small animals or bio-
logical samples while providing adequate ventila-
tion for experimental animals and complete protec-
tion for operating personnel.
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The Cesium 137 source provides a dose rate of 
6 Gy / min.

For the study of the lingual salivary glands ,the 
root of the tongue were processed microtechnically, 
embedded in paraffin wax and the sections were cut 
at 5-7 μm thick and prepared for studding with he-
matoxylin and eosin stain. 

RESULTS 

Group  (I): the control group  (no-irradiation)

A) Von-Ebner’s gland is a serous gland, located 
under the circumvallate papillae in the lamina 
propria of the tongue and extend deeply in the 
submucosa until reach to the muscular layers. 
Their ducts open at the bottom of the groove 
surrounding the circumvallate papillae. The 
lobules were seen separated from each other by 
muscles bundle, adipose tissue and little amount 
of loose connective tissue which rich in blood 
vessels and nerve fibers. The lobules consist of 
densely packed acini cells, lined by pyramidal 
cells. The serous acini cells have a rose shape 
with narrow lumen, stained darkly with (H&E) 
stain from pink to purple (Fig 1,A) 

Fig. (1A) Photomicrograph of the Von-Ebner’s gland showing 
the lobules which separated from each other by muscle 
bundle, adipose tissue and little amount of loose 
connective tissue.

B) The Weber’s gland is a mucous gland, found in 
the root of the tongue. The glands have a vari-

able number of lobules which present within 
lamina propria as well as extending to the mus-
cular layer and open in the epithelial surface of 
the tongue in the root region, some of lobules 
located deeply to Von Ebner’s glands in the 
muscular layer. The lobules are different in size 
and shape, supported by a loose connective tis-
sue which contains collagen fibers, blood ves-
sels, nerve fibers, and adipose tissue separating 
between the lobules. Each lobule consists from 
densely packed mucous acini lined by relatively 
large pyramidal cells and has small round nu-
clei located at the base of cell near the basement 
membrane. A small lumen seen in the center of 
acini .

Fig. (1B) Photomicrograph of Weber’s gland showing variable 
number of glandular lobule which extend between the 
tongue  muscles. Each lobule consist from densely 
packed mucous acini. (H&E stain x100)

Group (II): (rats exposed  to a single dose of 
irradiation)

(A&B) The serous acini  of Von-Ebner’s gland 
was the most affected cells by radiation. The ra-
diation provoked many destructive changes in the 
glands. These changes comprise loss of normal ar-
chitecture, acinar atrophy , acinar degeneration and 
deeply-stained variable-sized nuclei. The acinar at-
rophy was manifested in the gland in the form of 
increased interacinar spaces. The acinar degenera-
tion was represented as empty spaces in the acinar 
lobules . Some areas of the tongue noted with dilat-
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ed blood vessels. Extravasated red blood cells also 
seen . Marked inflammatory cell infiltration were 
also noted  (Fig. 2,A&B).  

 (C& D) The mucous acini of the Weber gland 
appeared more resistant to the degenerative changes 
of exposure to radiation. However, some acinar cells 
revealed areas of degeneration ,marked enlargement 
of the acini and loss of normal architecture. The nu-
cleus of the acinar cell appeared displaced basally . 
( Fig2, C&D ).

Group (III): ( rats injected with a single dose of 
pilocarpin  and then exposed  to a single whole 
body γ-irradiation at dose of 6 Gray (Gy):-

(A) The serous acini of  Von-Ebner’s gland demon-
strated mild acinar degeneration and the acinar 
architecture was slightly altered. The nuclei of 
acinar cells were deeply stained. Fig (3,A). 

(B) The mucous acini of the Weber gland demon-
strated slight enlargement . The gland demon-
strated intact acinar architecture with neither ac-
inar atrophy nor acinar degeneration. Fig (3,B).

Fig. (2) (A&B) the Von-Ebner’s gland showing severe acinar atrophy and acinar degeneration with empty spaces in the acinar 
lobules due to loss of some acini , remnant of degenerated acinar cells and marked inflammatory cell infiltration . Dilated 
blood vessels containing RBCs. and extravasated red blood cells also seen (H&E  x200)

Fig. (2) (C&D) Photomicrograph of group II showing areas of mild acinar degeneration and dilated large duct opening on the dorsal 
lingual surface. (. H&E stainx200)



159

Histological Evaluation of The Effect of Pilocarpine on the Lingual Salivary Glands of The Root of the Tongue After X-Ray 
Irradiation in Rats

158

AADJ,  , Vol. 3, No. 2 Hesham A. Dameer, et al.

DISCUSSION

The radioprotective effect of many materials 
against salivary glands dysfunction were studied  . 
in this study we try to observe the radio protective 
effect of pilocarpine on the lingual salivary glands 
of the rats . The present study demonstrated many 
degenerative changes in the lingual salivary glands 
when they are  exposed to radiation.

The secretory granules content of the serous cells 
in the Von-Ebner’s gland in the present study   were 
reduced by radiation . Similar results were also  re-
ported in the granular convoluted tubules of the sub-
mandibular gland by Vissink et al., (1991 ) (12) 

The radiation has  induced destructive changes 
in the investigated salivary glands,which are dem-
onstrated in the form of massive injuries of both 
the acinar and ductal architecture as the acinar atro-
phy, intracytoplasmic vacuolation and degeneration 
with nuclear changes  including the pleomorphism 
and hyperchromatism. These findings were compa-
rable   with those reported in the  previous studies  
among.(13)

The observed  atrophic changes of serous acini 
in the Von Ebner gland were also documented on 
the parotid and the submaxillary  glands by Ahlner 
et al. (14) .

The early response resulting in the atrophic 
changes of the secretory cells, without  inflamma-
tion were presumed to  be due to radiation-induced 
apoptosis, while the late response with inflamma-
tion could be the  result of radiation-induced necro-
sis.(15)  Other investigators, however,  have proposed 
that the  progressive loss of acini in the parotid and 
submandibular glands  can be correlated to the ac-
tivation of mast cells and the release of their secre-
tory products .(16)

In the present study, the serous acinar cells were 
demonstrated to be highly  sensitive to irradiation 
and these results are consistent with those observed 
by Nagler (17) in the submandibular and sublingual 
salivary glands of rats. 

The mechanism by which this occurs is contro-
versial and not clear however, it has been suggested 
that the serous secretory granules have proteolytic 
and metallic transmission enzymes. The transmis-
sion materials are known to promote the formation 
of the free radicals, thereby,  potentiating the dam-
age to the serous granule membranes. As a result, the 
proteolytic enzymes may infiltrate and damage the 
cytoplasm, causing autolysis and cellular death.(164) 

The improved salivary gland function has been 
observed in rats when degranulation was stimulated 

 Fig. (3,A)Photomicrograph of group III showing mild acinar degeneration and the acinar architecture was slightly altered . (B)The 
mucous acini of the Weber gland demonstrated slight enlargement. H&E stainx200
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by pilocarpine administration prior to the radiation 
exposure.(17) The involvement of the serous secre-
tory  granules associates with  the increased damage 
caused by ionizing radiation was further confirmed 
by (18,19).

In the present study, the  pilocarpine administra-
tion  prior to radiation have  decreased  the harmful  
effects of radiation. However, the administration of 
pilocarpine not completely prevent all the radiation-
induced pathological alterations. The radioprotec-
tive effect of pilocarpine treatment was manifested 
by the  decreased atrophic changes and the absence 
of degenerated acinar cells. 

 The salivary glands have been suggested to have 
dual innervation, the parasympathectomy witch 
prevents the attainment of the adult gland size, the  
normal proliferation and  the  DNA and RNA con-
tent , while the sympathectomy has only moderate 
influence on the cells and gland size.(20)     

The pilocarpine hydrochloride is known as a 
cholinergic parasympathomimetic agent exerting 
a broad spectrum of pharmacologic effect with 
predominant  muscarinic  action  and in appropri-
ate dosage it can increase the secretion of exocrine 
glands.(21) 

Greenspan  and  Daniels (22) observed expulsion 
of secretory granules from the serous cells in exo-
crine fashion by pilocarpine.  The pilocarpine, a 
parasympathetic agonist, has been found to effec-
tively stimulate salivation of the rat 30 to 60 minutes  
after injection.(23)  Histologically, the pilocarpine has 
been proven to  cause moderate  depletion of gran-
ules. Whereas the  atropine increased the amount 
of granules. The results showed that the salivary 
glands in pilocarpine-pretreated group of animals 
was less damaged by irradiation than those without 
pilocarpine treatment .
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التقييم النسيجي ملدي تأثري البيلوكاربني عيل الغدد اللعابية 

اللسانية لجذر اللسان بعد التعرض لألشعة السينية يف الفرئان
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: الملخص 

لألشعة  تعرضها  بعد  الفئران  في  اللسان  جلذر  اللسانية  اللعابية  الغدد  علي  البيلوكاربني  تأثير  دراسة  بهدف  الدراسة  هذه  أجريت   : الهدف 
 . السينية  

بني  ما  ذكور  فارا  ثالثون  استخدام  مت  التالي  النحو  علي  الدراسة  ومتت   . هستولوجيا   الغدد  هذه  فحص  على  البحث  اعتمد   : املواد واالساليب 
او  لالشعاع  تتعرض  لم  والتي  فئران  عشرة  علي  وحتتوي  الضابطة  االولي  اجملموعة  متساوية  مجمعات  ثالث  الي  تقسيمهم  ومتت    ) -150جم250 
التجويف  في  البيلوكاربني  مبادة  حقنهم   مت  الثالثة  واجملموعة   . 6جاي  بجرعة  فقط  السينية  لألشعة  تعرضت  الثانية  اجملموعة   . أدوية  تأخذ  حتي 
استخراجها  فور  العينات  وغمرت  بعنايه  وقطعه  اللسان  جذر  وأخذ  اللسان  واستخرج  السابقة   االشعاعية  اجلرعة  لنفس  التعرض  قبل  البطني 
لتركيب  هستولوجى  مسح  عمل  بغرض  واإليوسني  بالهيماتوكسلني  وصبغت  العينات  عوجلت  ثم  ساعة   72 ملدة  فورمول  كالسى  محلول  في 

عليها  طرأ  الذى  التغيير  مدى  وتقييم  اللعابية  الغدد 

البنيه  فقدان  شكل  في  التغييرات  هذه  تتضمن  ملحوظة.  مدمرة  تغيرات  الغدد  أظهرت  السينية،  األشعة  إشعاع  من  أسبوع  عد  النتائج: 
الضارة  اآلثار   ، متاًما  مينع  ليس  ولكن   ، اإلشعاع  قبل  البيلوكاربني  تعاطى  انخفضت  اللعابية  الغدد  وضمور  وانحطاط  اللعابية،  بغدد  اخلاصة 

 . املتدهورة.  اللعابية  الغدد  اخلاليا  وغياب  املنخفضة  الضمورية  التغيرات  خالل  من  بيلوكاربني  للعالج  اإلشعاعي  التأثير  يتجلى  لإلشعاع. 

لإلشعاع تعرضها  بعد  اللعابية  الغدد  حماية  في  البيلوكاربني  فاعلية  إلي  الدراسة  خلصت  وقد  اخلالصة: 

اللعابية. الغدد  ، خاليا  ، شيخوخة  اللسانية  اللعابية  الغدد   ، البيلوكاربني   ، االشعاع  الكلمات املفتاحية:  


