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Abstract
Background: Our goal was to evaluate whether amitriptyline 

harms the salivary glands; we used the S-100 protein as a marker 
for cell injury. This could partially explain the xerostomia side-effect 
during amitriptyline treatment. 

Methods: A total of 35 male albino rats were used in this study and 
divided into 3 groups. Group I was the control (n = 5). Group II (n=15) 
rats were treated once daily with a single oral dose of amitriptyline 
(5 mg/kg) for 8 weeks. Group III (n=15) rats were treated twice daily 
with amitriptyline (10 mg/kg) for 8 weeks. All rats were sacrificed 
and the submandibular glands were dissected and stained with H&E 
and probed for S-100 protein using immunohistochemistry. A blinded 
pathologist graded the staining intensities as low, moderate or high. 

Results: Our data showed that amitriptyline causes dose-
dependent degenerative changes in submandibular salivary glands 
when used once (5 mg/kg) or twice (10 mg/kg) versus untreated 
controls. These changes were also associated with a dose-dependent 
increase in the S-100 protein expression levels. 

Conclusions: Our study demonstrated that frequent use of 
amitriptyline is associated with degenerative changes in salivary 
glands. This may partially explain xerostomia as a side-effect. More 
studies are needed to unlock other causes of this side-effect.
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that antidepressants induce a decrease in salivary flow, the cause 
of this side-effect is still poorly understood [2,3]. In an attempt to 
control the adverse effects of these drugs, clinicians can reduce 
the dose, but this also reduces the efficacy of treatment [4]. Thus, 
many studies have concluded that to achieve proper therapeutic 
dosage, clinicians must individualize their treatment for each 
patient [5,6].

Amitriptyline is a well-recognized and widely used Tricyclic 
Antidepressant (TCAs) that is approved mainly for the treatment 
of depression. It has at least equal efficacy against depression 
as the newer generation of antidepressants such as Specific 
Serotonin-Reuptake Inhibitors (SSRI), but it also has more side-
effects [7] including dizziness, insomnia, fatigue, constipation, 
and xerostomia [8]. As a result, attempts have been directed 
toward elucidating the cause of the side-effects to diminish their 
potential hazards [9].

The S-100 protein has been used as a marker for cell injury 
in the nervous system [10,11]. Thus, the aim of our study was to 
investigate whether amitriptyline does indeed cause harmful cell 
injury to the salivary glands in vivo utilizing S-100 protein as a 
marker. This may explain, at least in part, the patients complaint 
of xerostomia. 

Materials and Methods 
Animals: This study used 35 healthy adult albino rats 

weighing 180-200 g. The rats were housed individually in 
stainless steel cages and were fed on a standardized laboratory 
balanced diet and water (ad libitum). The rats were divided into 
3 groups: 

•	 Group I (Control Group; n = 5): Untreated group; rats 
were given only water. 

•	 Group II (n = 15): Rats received a daily single oral dose 
of amitriptyline equivalent to the therapeutic dose of (5 
mg/kg) using an oro-pharangeal metallic curved tube for 
8 weeks.

Introduction
Depression is a mental illness in which people often have 

feelings of hopelessness and worthlessness suicidal thoughts. 
This disease can affect any person regardless of age, gender, 
race, or socioeconomic status. Thus, the use of antidepressants, 
unfortunately, has become very common [1]. However, like other 
drugs, antidepressants have several side-effects. One of the major 
complaints of patients undergoing this class of medications is dry 
mouth (xerostomia) [2]. Although, several studies have shown 
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•	 Group III (n=15): Rats received a daily dose of 
amitriptyline equivalent to double the therapeutic dose of 
(10 mg/kg) using the same route of administration for 8 
weeks. 

At the end of the experimental period, all rats were scarified 
and the submandibular glands were dissected and stained with 
Hematoxylin and Eosin (H&E). In addition, a total of 115 samples 
(control), 345 samples (Group II), and 345 samples (Group III) 
were examined and probed for the S-100 protein (monoclonal 
mouse primary antibody) using immunohistochemistry staining 
approach as described elsewhere [12]. Staining intensities were 
graded in a blinded manner as low, moderate or high.

Statistical Analysis
For immunohistochemistry samples, the McNemar test was 

used to compare between groups. The difference was considered 
significantly different when *p ≤ 0.05 or **p ≤ 0.01. 

Results
Amitriptyline Causes Degenerative Changes in Salivary 
Glands

•	 Group I (Control group): The submandibular salivary 
glands looked normal and were composed of serous acini, 
few mucous acini, various types of ducts and Connective 
Tissue (C.T) stroma. The serous acini were round, small, 
and with a narrow lumen. They were lined with a single 
layer of pyramidal cells with basophilic cytoplasm. Their 
nuclei were large, prominent, spherical, and were basally 
situated. Striated ducts were also seen in between the 
secretory and centrally placed nuclei with an intensely 
eosinophilic cytoplasm. They were characterized by their 
basal striations. These ducts were clearly recognized in 
the H&E sections. The granular convoluted tubules were 
the most characteristic structure in the rat submandibular 
salivary glands. They were lined by columnar cells with 
dark and centrally placed nuclei. They were packed 
with eosinophilic granules. The excretory ducts were 
found between the lobules of the glands surrounded 
by C.T. stroma and lined by pseudostratified columnar 
epithelium with goblet cells (Figure 1A & B). 

•	 Group II: Histological examination of the submandibular 
salivary glands treated with a daily single dose of 
amitriptyline (5 mg/kg) for 8 weeks showed mild to 
moderate atrophic changes. Serous acini and striated 
ducts showed a moderate degree of intercellular 
vacuolization. The nuclei were flattened and pushed 
against the basal lamina membrane of the cells. There 
was also a complete loss of nuclei in some cells. Some 
of the granular convoluted tubules showed a decreased 
amount of esinophilic granules with vacuolization. There 
was slight extravasation of red blood cells in between the 
secretory portions and the ducts. The excretory ducts had 
a thick epithelial lining and a circumscribed wide lumen 
containing stagnant secretory material. Dilated blood 

vessels engorged with red blood cells were also detected 
(Figure 1C & D). 

•	 Group III: Histological examination of the rat 
submandibular salivary glands treated twice daily with 
amitriptyline (10 mg/kg) for 8 weeks showed severe to 
atrophic changes. The secretory portions revealed severe 
shrinkage and some had complete degeneration. Severe 
widening of the connective tissue septa was observed. 
The serous secretory portions lost their typical form and 
became irregularly shaped. The excretory ducts were 
dilated with limited secretion. There were irregular 
and degenerated granular convoluted tubules. Some 
specimens showed vacuolization of serous acini and 
accumulation of eosinophilic materials in their lumens. 
Degenerated granular convoluted tubules with pyknotic 
basal flattened nuclei were also observed (Figure 1E & F). 

Histological cellular localization pattern of S-100 protein in 
amitriptyline-treated groups versus controls

Group I (control group): There was very low 

Figure 1: Amitriptyline causes degenerative changes in salivary 
glands
 (A) Representative micrograph (H&E staining, magnification x200) 
of rat submandibular salivary gland of the control group (group I) 
showing normal appearance of serous acini (S), striated ducts (St), 
granular convoluted tubules (G) and blood vessels (b,v). (B) The 
excretory duct (EX) is lined with pseudostratified columnar epithelium 
and surrounding connective tissue stroma with blood vessels (BV) 
collagen fibres and fibroblasts (H&E staining, magnification x400). (C) 
Representative micrograph (H&E staining, magnification x200) of rat 
submandibular gland from group II showing vacuolization (V) of the 
secretory portions and granular convoluted tubules (G), loss of nuclei 
of striated duct (St) and extravasated red blood cells in between the 
secretory portions and ducts (RB). (D) The dilated excretory duct (EX) 
has stagnated secretion and severe fibrosis of the connective tissue 
stroma (C.T) (H&E staining, magnification x200). (E) Representative 
micrograph (H&E staining, magnification x200) of rat submandibular 
glands from group III showing vacuolization and shredding of serous 
acini (S), dilatation of the excretory duct with stagnant secretion (EX), 
and irregular degenerated granular convoluted tubules with decreased 
eosinophlic granules (H&E staining, magnification x200). Panel (F) 
shows disorientation of serous acini (S), shredded granular convoluted 
tubules (G), and complete loss of some secretory portions leaving large 
spaces and striated ducts with eosinophilic material in its lumen (St) 
(H&E staining, magnification x400).
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immunohistochemical staining of the S-100 protein in the 
secretory portions and myoepithelial cells of the salivary glands. 
There was low staining of S-100 in the striated ducts and granular 
convoluted tubules (Figure 2A a). 

Group II: Moderate staining intensity of S-100 protein was 
observed in the submandibular glands of this group versus 
controls. This staining was associated with the secretory portions, 
striated ducts, excretory ducts, and granular convoluted tubules. 
In addition, moderate staining was also found in and around the 
blood vessels and connective tissue stroma (Figure 2A b). 

Group III: There was also moderate to high intensity 
staining of the S-100 protein in the secretory portions of the 
submandibular gland versus other groups. This included the 
striated excretory ducts and granular convoluted tubules. The 
connective tissue stroma and blood vessels had high staining for 
the S-100 protein (Figure 2A c). 

The S-100 protein possesses a dose dependent increase of 
expression upon higher doses of amitriptyline treatment 

In submandibular salivary glands, the S-100 protein is 
intrinsically expressed in low levels in 77% of the control 
samples. The remaining 23% showed only moderate expression 
levels (Figure 2B). Upon a daily single dose of amitriptyline 
treatment (5 mg/kg) for 8 weeks (Group II), 88.4% of the treated 
samples had moderate S-100 protein expression; 6.1% were low 
and 5.5% were high (Figure 2B; #p ≤ 0.05). In contrast, when we 
doubled the dose (10 mg/kg twice per day; Group III), 81% of 
the samples have high S-100 protein expression levels versus 
5% and 14% for the low and high expression levels, respectively 
(Figure 2B; *p ≤ 0.5). Staining intensities between the groups 
were also statistically significant (Figure 2B; **p ≤ 0.01). Table 1 
summarizes S-100 protein expression levels. The S-100 protein 
has a dose-dependent increase in expression at higher doses of 
amitriptyline. 

Discussion
Saliva is a unique, complex and versatile fluid that serves 

many purposes in the oral and pharyngeal environment. It is a 
lubricant that facilitates swallowing, acts as a mechanical device 
to clean the teeth, is an immunological barrier, and works as taste 
stimulator [13,14]. Diminished salivary output from the major 
and minor salivary glands is called “Salivary Hypofunction” and 
the subjective complaint of a dry mouth is termed xerostomia 
[15]. This leads to numerous consequences including dental 
caries, candidiasis, erosion and ulceration of mucosal tissues as 
well as dysgeusia, dysphagia, gingivitis, and alteration of taste 
[13,16]. 

Antidepressants such as amitriptyline cause xerostomia and 
therefore affect the general oral health of the medicated patient 
[17,18].  It is important to understand the mechanism of this 
adverse side-effect to overcome this major disadvantage and 
improve future antidepressants. 

The histological examination obtained here shows that 

Figure 2: Histological cellular localization pattern of 
S-100 protein in amitriptyline-treated groups versus controls
 (Aa) Representative micrograph of rat submandibular gland of 
group I (control) showing weak staining of the S-100 protein in the 
myoepithelium cell and secretory portions (S). There was also mild 
staining in the granular convoluted tubules (G) and striated duct (St). 
(Ab) Representative micrograph of rat submandibular gland of group 
II showing moderate staining of S-100 protein in the secretory portions 
(S), duct system striated duct (St), excretory duct (EX), granular 
convoluted tubules (G), and blood vessels (bv). (Ac) Representative 
micrograph of rat submandibular gland of group II showing severe 
staining of S-100 protein in the secretory portions (S), duct system, 
striated duct (St), excretory duct (EX), granular convoluted tubules (G), 
connective tissue stroma (CT), and blood vessels (bv). (Magnification, 
x200). (B) Bar chart illustrating the percentage of submandibular 
tissue samples staining intensities for S-100 protein as data presented 
in Table 1. Staining intensities were graded as low, moderate or high by 
a blinded pathologist. Significant difference, $P ≤.05; low vs moderate in 
the control group. #P ≤.05; moderate vs low or high staining in group II; 
*P ≤.0.05; high vs moderate or low in group III. **P ≤.0.0; control vs group 
II/III (low staining); group II vs control/group III (moderate staining); 
and group III vs group III (high staining). 

Table 1: The S-100 protein expression levels in the amitriptyline 
treatment groups vs. control.

Low
Intensity
(%)

Moderate  
Intensity
(%)

High
Intensity
(%)

Total No. 
of Tissue 
Samples

Control
(Untreated)

$ 88 (77) 27 (23) 0 (0) 115

Group II
(5 mg/kg) 21 (6.1) # 305 (88.4) 19 (5.5) 345

Group III
(10 mg/kg) 17 (5) 49 (14) *279 (81) 345

Significant Difference: $P ≤ 0.05; low vs moderate in the control group. 
#P ≤ 0.05; moderate vs. low or high staining in group II, *P ≤.0.05; high vs 
moderate or low in group III. 

amitriptyline adversely affects rat submandibular salivary 
glands. The effect is dose-dependent. The submandibular 
salivary glands suffered from severe atrophy and shrinkage with 
some areas showing complete acinar loss. There was also severe 
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acinar vacuolization and degeneration of the granular convoluted 
tubules. 

The intracytoplasmic vacuolization that appeared within the 
secretory portions might be due to intracytoplasmic degeneration 
of a mostly fatty nature. However, in routinely processed H&E 
sections, most of the lipid droplets dissolve during fixation and 
processing leaving only empty vacuoles. In this study, stagnation 
of secretion in the ducts might be due to impaired flow rates. This 
is reflected in glandular dysfunction and resulting xerostomia. 
Studies have reported that one mechanism by which tricyclic 
antidepressants exerted xerogenic effects was via a significant 
decrease in sodium and increase in potassium ion exchange [2]. 
Others have shown that these drugs possess xerogenic effects by 
inhibiting the salivary reflex in the central nervous system that 
regardless of antidepressant class [19]. In our study, we believe 
that impaired salivary flow is caused, at least in part, by direct cell 
injury as seen in the dose-dependent increase in the cell injury 
marker S-100. 

The S-100 protein is upregulated in diseased tissue with 
background expression in the nervous system, chondrocytes, fat 
cells, lymphoid tissue, brain, and salivary glands [20,21,22,23]. 
Our study showed that antibodies against S-100 protein are 
a useful marker for cellular injury to salivary glands after the 
treatment with different doses of amitriptyline. This injury is 
dose-dependent as shown by the increase in the S-100 protein 
expression levels with increased amitriptyline drug treatment.

Conclusion
Our data demonstrates that the frequent use of amitriptyline 

is associated with degenerative changes in the salivary glands 
of a rat model. The reversibility of these changes has yet to be 
determined. Clinicians prescribing antidepressant drugs such 
as amitriptyline should used caution and be aware of oral side-
effects when using more frequent or higher doses to treat their 
patients. More studies are needed to understand the causes 
of these side-effects and to develop more safe and effective 
antidepressants. 
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