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ABSTRACT

Introduction: Depression is one of the most common causes of loss of health and productivity
and inability to work. Duloxetine (Cymbalta) is an antidepressant drug that belongs to the class of
Serotonin—norepinephrine reuptake inhibitors (SNRIs), which is used for the treatment of major
depressive disorder (MDD). In addition, this class is used for the treatment of anxiety disorders.
One of the members of the bcl-2 family is the BAX (BCL2 Associated X, Apoptosis Regulator) and
it has a key role in the mitochondrial apoptotic process. Under stress conditions, Bax undergoes a
conformation change that triggers apoptosis.

Objectives: This study aimed to examine the possible impact of long term administration of
antidepressant duloxetine on the oral mucosa and salivary glands in tongue.

Material & methods: Twenty adult male albino rats were divided into two equal groups.
Group one served as control group. Group two served as treated group which received duloxetine
dissolved in distilled water in a daily oral dose of 10 mg/kg body weight using a curved metallic
oro-pharyngeal tube. At the end of the experiment which lasted for three months, the rats were
euthanized by cervical dislocation. Tissue samples were fixed in 10% formalin, embedded in
paraffin, and stained with hematoxylin and eosin to evaluate histopathological finding. Masson’
trichrome for collagen detection. Other sections were used to reveal the immuno-histochemical
expression of Bax antibodies through computerized image j analysis software. The expression of
the marker was analyzed statistically using Mann-Whitney test.

Results: Histopathological finding of long term administration of duloxetine treated animals
showed noticeable atrophic and degenerative changes in the surface epithelium and lamina propria
of both the dorsal and ventral surfaces of the tongue as well as the lingual salivary gland. Immuno-
histochemical finding revealed marked increase in the expression of Bax all over the epithelial cells
as well as fibroblast, blood vessels and the lingual salivary glands in the lamina propria. Statistical
finding in duloxetine treated animals showed highly significant difference in the expression of Bax.

Conclusion: Although duloxetine being useful drug in treatment depression, anxiety and
severe pain, it harmfully affected the histological structure of oral mucosa and salivary glands of
the tongue in adult rats. Accordingly using of these drugs should be under supervision and strong
caution.
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INTRODUCTION

Depression is one of the most common causes
of loss of health and productivity and inability to
work. The disease leads to a stark decrease in qual-
ity of life for those afflicted and their nearest ones.
Mental Disorders’ diagnostic and Statistical Manu-
alV provides a description of depression’s emotional
symptoms including the lack of interest, sadness,
thoughts of suicide, and guiltiness. There is a wide
recognition of the physical symptoms as one of the
depressive syndrome’s primary elements. Such el-
ements entail the following: changes in appetite,
changes in psychomotor function, headaches, pain,
sleep disorders, the lack of energy, and gastrointes-
tinal disorders.

There are several forms of depression; seasonal
affective disorders (SAD) and bipolar depression.
From these include major depressive disorders
(MDD), dystrophic disorders, psychotic depression,
postpartum all MDD and dystrophic disorder are the
most common.

There is a hypothesis stating that the biologi-
cal etiology of depression is the shortage of mono-
aminergic neurotransmitters, namely the shortages
of dopamine and serotonine (5-hidroxitriptamina;
5-HT) and norepinephrine (NE)®. Belmaker and
Agam® showed that the location of the majority of
the dopaminergic, noradrenergic and serotonergic
(monoaminergic) neurons is in midbrain and brain-
stem nuclei. In addition, they are projected to huge
areas of all over the brain. Such anatomy makes a
suggestion that the monoaminergic systems have a
major role in regulating a wide range of functions of
brain including cognition, appetite, sleep, attention
and mood. It has been proven that approximately
every compound, which has the ability to inhibits
monoamine reuptake resulting in an increase in
monoamines’ concentration in the synaptic cleft,
is considered an antidepressant with high clinical
effectiveness. Furthermore, there are antidepres-
sant effects created by the inhibition of the enzyme
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monoamine oxidase, which causes an increase in
monoamines’ availability in presynaptic neurons.
The theory of depression, which is most pharma-
cologically relevant, known as the monoamine-de-
ficiency hypothesis, was been developed based on
those observations.

There are number of methods to treat depression
and anxiety. Medicines are an alternative, psycho-
therapy such as cognitive behavioral therapy (CBT)
is another. In pharmaceutical treatment there are
different classes of medicines to choose between.
The first discovered class of drugs for treatment of
depression is tricyclic antidepressants(TCAs). Its
action is mainly by inhibiting uptake of serotinin
and norepinephrine and lesser extent to dopamine
reuptake. The key short coming related to the TCAs
is that there is a huge number of side effects which
will lead to discontinuation of treatment.These side
effects are due to the non selective binding to vari-
ous receptors. Also the overdose may lead to severe
cardiac conduction abnormalities or arrhythmias.
For such reasons, the use of TCAs is restricted®.

Another class of antidepressant is introduction
of selective serotonin reuptake inhibitors (SSRIs)
which stand for more than half of the sales of
antidepressants. They are described as being
selective due to their major effect on serotonin
5-HT),
neurotransmitters. They have the ability to mitigate

(5-hidroxitriptamina; not on other
moderate to severe depression symptoms. Further,
they have relative safety and typically result in
fewer side effects compared toTCAs. Moreover,
through increasing serotonin levels in the brain
by inhibiting serotonin reabsorption (reuptake),
resulting in more serotonin availability, the SSRIs
are able to mitigate depression. However, they
can have severe side effects including delayed
ejaculation, anorgasmia, and sexual dysfunction
and there could be a decrease in libido in about
60% of patients®® sleep disturbances, anorexia®,
constipation and dry mouth®™.
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A new class of SSRI antidepressants that act
by inhibition of the uptake of noradrenaline and
serotonin neurotransimitters, allow more effective
control of emotional and physical symptoms of
depression and are the drug of choice for the
treatment of depression because of their higher
efficiency, less side effects and good tolerability as
compared to the other classes of antidepressants.

The category of antidepressant drugs, which is
used for the treatment of major depressive disorder
(MDD) and possibly for the treatment of anxiety
disorders, is the SNRIs (Serotonin—norepinephrine
reuptake inhibitors). According to Cashman and
Ghirmai®, dually inhibiting serotonin and norepi-
nephrine reuptake has several advantages compared
to other antidepressant drugs as it treats a broad
range of symptoms.

A part of this category is the duloxetine (Cym-
balta), which was proven in August 2004® to treat
depression and neuropathic pain. In addition, it was
reported to treat fibromyalgia'?, diabetic neuropa-
thy, major depressive disorder (MDD), and gener-
alized anxiety disorder (GAD)!""'». An enormous
success in treating the chronic musculoskeletal pain,
which includes chronic low back pain and chronic
osteoarthritis pain, has been recently shown by du-
loxetine"¥. Furthermore, there is a putative rela-
tionship between its analgesic efficacy in the center
of the brain and its effect on descending inhibitory
pain pathways.

In case of severe dental and paradental pain, there
is a recommendation to use duloxetine (Cymbaltal)
in dentistry. Using duloxetine as the first-option
medication to treat burning mouth syndrome (BMS)
was indicated by some reports+!9,

A confirmation is provided by Nagashima et
al® that the duloxetine can significantly mitigate
chronic nonorganic oro-facial pain. After two weeks
of treatment, its effect of reducing the pain started to
appear. Moreover, whether the baseline depressive
symptoms are present or absent, duloxetine effects
of mitigating the pain have appeared.
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There is a relationship between most prescribed
antidepressant medications and the number of sig-
nificant oral reactions, which include sialoadenitis,
dysgeusia, xerostomia, tongue oedema with discol-
oration, glossitis, and stomatitis. As a result of sali-
vary gland dysfunction caused by the medication,
these oral reactions appear. The decrease in the pro-
duction of saliva can be a cause of taste alteration
and burning sensation.!”

The key characteristics of Apoptosis or pro-
grammed cell death are the distinct morphological
features and the mechanisms which are biochemi-
cally dependent on energy. Normally, the apoptosis
occurs during the period of growth and aging. It oc-
curs as a homeostatic mechanism for maintaining
the populations of cells in tissues'® and as a defen-
sive mechanism as in the case of immune reactions
or in case of cell damage due to medical, environ-
mental or disease toxicities!?.

One of the members of the bcl-2 family is
BAX (BCL2 Associated X, Apoptosis Regulator)
which has an important role in the mitochondrial
apoptotic process. Under usual circumstances,
it mostly becomes cytosolic through persistent
retrotranslocation to the cytosol from mitochondria
where the BCL2L1/Bcl-xL, which is characterized
by the avoidance of toxic BAX level accumulation
at the mitochondrial outer membrane®”. Bax forms
heterodimers with bcl-2, in which its distribution is
inversely related to that of bcl-2Y. Thus, the bcl-2/
bax ratio controls the relative susceptibility of cells
to stimuli, which induce apoptotic cell death®?.

Few studies have been done to illustrate the
cytotoxic effect of antidepressant. So this study
aimed to examine the possible impact of long
term administration of antidepressant duloxetine
on the oral mucosa and salivary glands in tongue
of albino rats using routine hematoxylin&eosin
and Masson’ trichrome stains for histopathological
evaluation. Immuno-histochemical investigations
of Bax monoclonal antibodies for detection of any
apoptotic changes in the above mentioned tissues.
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MATERIALS AND METHODS

Drug preparation: The antidepressant drug
duloxetine (Cymbalta),was purchased from Eli
Lilly medical Company which supplied in capsules
form with concentration 30mg /tab. These capsules
were dissolved at distilled water to a concentration
of 10 mg/ml.

Animals and experimental Design: Twenty
adult male albino rats, weighting 200-225 gram
body weight were used in this investigation. They
were housed in rat cages (five rats per cage), and
labeled with numerical numbers and kept in well
ventilated animal house at the faculty of dentistry,
Suez Canal University, at temperature 27-30°C,
12 hours natural light and 12 hours darkness. The
rats were supplied with standard natural diet and tap
water adlibitum throughout the whole experimental
period which lasted for three months. The animals
were divided into two equal groups, ten animals each
as followed: Group 1: served as control group which
received distilled water in comparable volume to
treated group with the same route of administration.
Group 2: served as treated group which received
duloxetine dissolved in distilled water in a daily oral
dose of 10 mg/kg body weight (b.w.) using a curved
metallic oro-pharyngeal tube®. At the end of the
experiment, the rats were euthanized by cervical
dislocation.

Tissue processing and staining: The tongues
were dissected out, fixed in 10% freshly prepared
neutral buffered formalin, and processed for being
embedded in paraffin. 4-5-micron-thick sections
were dissected. Then,
hematoxylin and eosin to detect any possible

they were stained with
histological changes, Masson’ trichrome stain for
collagen detection. Then photographed by E-330
Olympus digital camera.

For immuno-histochemical (IHC) evaluation
(for detection of any apoptotic changes in the tongue
tissues), Sym sections were cut and mounted on
positively-charged slides. The immunostaining were
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performed using rabbit polycolonal mouse antibody
to Bax, purchased from Santa Cruz Biotechnology,
Cat.No. sc-526. The steps of IHC were followed
according to manufacturer’s instructions.

Immuno-histochemistry Quantification:
Digital image analysis was done, using software of
image analyzer computer system (image J / Fiji 1.46).
The area of the screen was measured by digitizing
the slides under 200X objective magnification. The
pixel intensity of the colour, Bax labeling index
(The number of Bax positive cells divided by the

total cells) was estimated and treated statistically.

Statistical analysis: for entering the data,
Microsoft excel 2013 was employed, and for
analyzing the data, the SPSS (version 24) was
utilized. The median + standard deviation was utilized
as simple descriptive statistics for summarizing the
skewed quantitative data, and for summarizing
the qualitative data, frequencies were employed.
Further, for comparing the quantitative data which
is distributed non-normally, Mann-Whitney test was
utilized. When P<0.04, differences were perceived
as statistically significant.

RESULTS
I- Histopathological results

a) Hematoxylin& eosin and Masson’ trichrome
stains:

1. Control group

The mucosal membrane of the dorsal and ventral
surfaces of the body of the tongue is formed of
stratified squamous epithelium and underlying
lamina propria formed of dense collagen arranged
in bundles with connective tissues cells of which the
fibroblasts are the predominant type. The collagen
fibers revealed normal distribution with strongly
positive staining reactivity to Masson’s trichrome
stain (Figure3; A). The lamina propria is moderately
vascular and well innervated.
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The dorsal surface showed different types of
papillae including the filliform, fungiform papillae
with a taste bud presented on its top surface and
circumvallate papillae with a lot of taste buds
are found in the side walls of the papillae and
furrows. Lingual salivary are also seen among the
lingual muscles fibers showed normal histological
architectures (Fig.1).

2-Group I1

The histological examination of the tongue
obtained from animals subjected to daily oral dose
10mg/kg b. w. of duloxetine for 3 months presented
noticeable atrophic and degenerative changes that
involved the surface epithelium and lamina propria
of both the dorsal and ventral surfaces as well as the
lingual glands.

(217)

The surface epithelium presented abnormal cy-
toplasmic vacuolization of some epithelial cells,
single cells showed typical signs of apoptosis mani-
fested as their shrinkage and detachment from the
neighboring cells, appeared as a round or oval mass
with dark eosinophilic cytoplasm with pyknotic,
fragmented or absent nucleus (Fig 2; C,D).

The filliform papillae showed deformation,
decrease in length and number, their epithelial
covering was atrophic, areas devoid the epithelial
ridges were found. Most of them showed flattening,
loss of their characteristic conical shape, with
evident hyperkeratosis (Fig. 2; A,C).

The fungiform and circumvallate papillae showed
signs of atrophy in their epithelial covering, their
lamina propria and taste buds. The later were shrunk-
en, degenerated or completely lost (Fig. 2; A, B).

Q‘n
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Fig. (1): A photomicrograph of the tongue of control group rats showing of the dorsal surface (A) filliform papillae. (B) fungiform

papilla with taste bud (arrow). (C) Serous (S) and mucous (M) acini of the lingual salivary glands. (D) the mucous

membrane of the ventral surface (HX&E. orig. mag.200).
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The lamina propria showed

degeneration and dissociation of collagen that

underlying

revealed weakly positive staining reactivity to
Masson’s trichrome stain (Fig. 3; B) with mild
inflammatory cell infiltration. The blood vessels
showed dilatation with blood stagnation.

The lingual glands also suffered from marked
degenerative changes in the acini and ducts of both
serous and mucous glands. The serous acinar cells
presented with intracytoplamic vacuolization. The
mucous acinar cells were also seriously affected with
cystic transformations. The ducts of both serous and
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mucous glands were atrophic with marked flattening
of their epithelial lining and collection of stagnant
secretions forming cyst- like structures (Fig 2.F,G).

The ventral surface of the tongue showed marked
atrophic and degenerative changes represented
by thin epithelium, atrophic with intracellular
cytoplasmic vacuolizations and some cells showed
apoptosis. The lamina propria showed dissociation
and degeneration of the collagen, presented weakly
positive staining reactivity with Masson’s trichrome
stain (Fig 3; C). The blood vessels showed massive
dilatation with blood stagnation( Fig2; H,I).

Fig. (2): A photomicrograph of the dorsal and ventral surfaces of tongue of rats received duloxetine for 3 months showing (A)
deformed and degenerated filliform (red arrows) and fungiform papillae. (B) atrophied circumvellate papillae with
degenerated taste buds (arrow heads). (C, D) epithelial cells showing intracellular cytoplasmic vacuolizations and some
cells showed apoptosis (arrows). (E) lamina propria showing degeneration (D) and phagocytic cells (arrow heads). (F)
serous acinar cells with cytoplasmic vaculization. (G) cystic transformation of mucous acini (C). (H,I) extreme atrophy of
the surface epithelium of the ventral surface with degeneration (D) of the lamina propria and massive dilatation of the blood
vessel that engorged with RBCs (green arrows). (HX&E. orig. mag 200,400, 630,200,100)
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Fig. (3): A photomicrograph of the tongue tissue of different groups stained with the Masson’s trichrome stain. A- control group
showing strongly positive reactivity of the collagen fibers with Masson’s trichrome stain. B,C- animals of group II treated
with duloxetine for 3 months showing degeneration and dissociation of collagen revealed weaker positive staining reactivity
than Masson’s trichrome stain (Masson’s trichrome , origin mag. 200)

Fig. (4): A photomicrograph of the tongue of both control and experimental rats incubated with Bax monoclonal antibody, A, B:
showing light expression of Bax limited to superficial layers and keratinized layer in the control group, the fibroblasts in the
underlying lamina propria and the blood vessels. C,D,E,F: showing heavy cytoplasmic expression of Bax in the duloxetine
- treated group in all layers of keratinocytes, fibroblasts and blood vessels of the lamina propria and lingual salivary gland.
(Orig. Mag.400, 200,100).
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II- Immuno-histochemical results:Immuo-histo-
chemical localization of (Bax):

Examination of Bax expression (brown cytoplas-
mic staining) in normal control tissue showing weak
expression localized to the superficial cell layers of
epithelium, the fibroblasts of the underlying lamina
propria and blood vessels (Fig.4; A,B). While sam-
ples treated with duloxetine revealed heavy expres-
sion of Bax in all layers of keratinocytes, fibroblasts
and blood vessels of the underlying lamina propria
as well as acinar and ductal cells of lingual salivary
glands (Fig.4; C,.D.EF).

IHI- Statistical results: Mann-Whitney test
showed a high statistical significant difference
between both groups regarding the mean
(P-value=0.002) (table 1), among Bax expression

for the duloxetine and control groups (figure 5).

TABLE(1): The median score and P value of Bax
expression in control and treated group

P
Group N Median + (SD)
value
Bax (control) 10 | 21.61300 +9.139242
0.002
Bax ( treated group) | 10 | 190.64800 + 46.356804
e N
200
w 150
=z
A
% 100
a2
= 50
0
GROUPS
B Cymbalta m CONTROL
N J

Fig. (5): Showing the median score of Bax expression in control
(red bar) and duloxetine (Cymbalta) -treated group
(blue bar).
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DISCUSSION

Described as being SNRI (a selective serotonin
and norepinephrine reuptake inhibitor) antidepres-
sants, the duloxetine is utilized for the treatment of
pain, depression, and anxiety. Therefore, it is one of
the most commonly used medications in adults.

The histological results of the present study
revealed that long term administration of duloxetine
resulted in noticeable atrophic and degenerative
changes in the surface epithelium and lamina propria
of both the dorsal and ventral surfaces of the tongue
as well as the lingual salivary glands in the adult
albino rat. Light microscopic examination of the
surface epithelium presented abnormal cytoplasmic
vacuolization of some epithelial cells, single cells
showed typical signs of apoptosis appeared as around
or oval, shrinked, the cytoplasm was characterized
by density and the organelles were considered as
being packed more tightly. The nucleous showed
pyknosis as the result of chromatin condensation,
Our finding go with Hacker®®
who described the morphology of apoptosis. In the

or karyorrhexis.

current study, mononuclear cellular infiltration was
detected. This current observation concur with Hart,
et al® who studied phagocytosis of apoptotic cells.

Mitochondria are the cellular powerhouse of
eukaryotic cells, and they also regulate cell func-
tion through oxidative stress and apoptosis. The
current results were consistent with previous stud-
ies done by Youssef®”, Souza et al®” and Elmorsy
et al®® who demonstrated that fluoxetine harmfully
affected the histological structure of the pancreatic
and hepatic cells. They come backed this toxic ef-
fect to the mitochondria and stated that mitochon-
drial damage led to ATP reduction with successive
failure of biosynthesis, maintenance of the cyto-
skeleton, signaling and ion transport, membrane
pumps, oxidative stress and induction of apoptosis.
Consequently, in our opinion the marked degenera-
tive changes, cystic transformations and collection
of stagnant secretions in the acini and ducts of the
lingual glands are due to ATP reduction and de-
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pletion of cellular energy used for transport of
secretions.

Moreover, mitochondria also generate reactive
oxygen species (ROS) that may have a toxic effects
on cells. Vitally, increase the production of ROS
lead to damage to mitochondrial, cytoplasmic
proteins, lipids and nucleic acids. Our result go with
Swager and Morgan® who stated that among all
side effects that are reported of antidepressants and
antipsychotics, dry mouth is frequently the most
prevailing complaint. Khan et al®” reported that
duloxetine antagonizes the muscarinic receptor and
cause anticholinergic adverse effect.

Previous study done by Navazesh and et al®"
showed that through the alteration of neural path-
ways, which induce the secretion of salivary gland
through the prohibition of the cholinergic signals
within the salivary tissues, resulting in diminishing
fluid excretion by glands, xerostomia is induced.
According to another study, there is an anticholin-
ergic and antimuscarinic action of SNRI antidepres-
sants that leads to blocking parasympathetic system
action and inhibits acetylcholine influence on the
receptor of salivary glands thus induce dry mouth
by prevalence of the sympathetic nervous system
on the blocked parasympathetic system®?. Accord-
ingly we suggested that the degenerative changes
that occurred in the lingual mucosa after long ad-
ministration of duloxetine as result of decreasing in
the salivary flow that leading to decrease in lubrica-
tion of the oral mucosal tissues and enhance their
atrophy and inflammation.

Massive dilation of blood vessels of the lamina
propria of the experimental group was a constant
feature in our results. This arteriovenous dilation
may lead to engorgement and stagnation of blood
and decrease in its flow, resulting in hypoxia and
ischemia of the tongue tissues. In our opinion, this
hypoxia and ischemia may have played a role as a
cause of the present structure deterioration of the
epithelium, lamina propria and salivary glands.
According to several studies, cell injury, as well as
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cell death is mediated by hypoxia through apoptosis,
oxidative stress, acidosis, and inflammation®?.
On the other hand, several other studies showed
that apoptosis is induced by hypoxia through the
inducement of calcium overload, increased oxygen
free radicals, mitochondrial damage,and the increase
in HIF (hypoxia-inducible factor) expression®*3%,
As a result, hypoxia is closely related to apoptosis
and this is concur with our investigation.

Microvesicles (MVs) are perceived as cell-cell
communication’s new regulators and that’s why
much attention has been paid to them recently,
and they are considered as membranous vesicles
with a 0.1-1-um diameter. Several types of cells
can release them when they are injured, activated
or undergone apoptosis. These MVs can carry
bioactive molecules shed from injured mother cells
and transfer it into adjacent normal cells, thereby
causing a series of cellular changes including cell
apoptosis. It can be seen that cell injury is not entirely
the result of direct stimulation of cells by hypoxia
or other stimuli. It is also possible that injured cells
indirectly act on peripheral normal cells by releasing
the MVs, which contain substances that promote
injury and apoptosis. It is the MVs that mediate the
amplification of damage®®".

In the current study immuno-histochemical
results revealed that Bax expression of the control
group was restricted to superficial layers of the
epithelium.This result was in agreement with Assis,
et al®®.While alteration in the Bax expression were
detected, Bax get over expressed in the lingual
mucosa of duloxetine treated group all over the
epithelial layer and lamina propria, these results
get confirmed statistically as there was high
significantly difference (P-value =0.002) between
the two groups.

Under the circumstances of stress, a conforma-
tion change is undergone by Bax where the mito-
chondrion membrane is translocated, resulting in
releasing cytochrome c, which in turn promoting
CASP3 activation, leads to triggering apoptosis®?.
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This is consistent with our findings.

Finally, it could be postulated that these apop-
totic, cytotoxic and degenerative changes indicat-
ed disturbance in cellular homeostasis and cellu-
lar failure as result of long term administration of
duloxetine.

CONCLUSION

Although duloxetine being useful drug in
treatment depression, anxiety and severe pain, it
harmfully affected the histological structure of oral
mucosa and salivary glands of the tongue in adult
rats. Accordingly using of these drugs should be
under supervision and strong caution
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