http://dx.doi.org/10.1590/1519-6984.11115 Original Article

Histological and immunohistochemical findings of the action of
botulinum toxin in salivary gland: systematic review

J. B. Oliveira®®, J. Evéncio-Neto® and L. Baratella-Evéncio®*

“Department of Anatomy, Biological Sciences Center — CCB, Universidade Federal de Pernambuco — UFPE,
Av. Prof. Moraes Rego, 1235, Cidade Universitaria, CEP 50670-901, Recife, PE, Brazil
"Post-graduate Program in Bioscience Animal — PPGBA, Universidade Federal Rural de Pernambuco — UFRPE,

Rua Dom Manoel de Medeiros, s/n, Dois Irmaos, CEP 52171-900, Recife, PE, Brazil

‘Department of Animal Morphology and Physiology, Universidade Federal Rural de Pernambuco — UFRPE,
Rua Dom Manoel de Medeiros, s/n, Dois Irmaos, CEP 52171-900, Recife, PE, Brazil

dDepartment of Histology and Embryology, Biological Sciences Center — CCB, Universidade Federal de Pernambuco —
UFPE, Av. Prof. Moraes Rego, 1235, Cidade Universitaria, CEP 50670-901, Recife, PE, Brazil

*e-mail: Liriane@uol.com.br

Received: July 24, 2015 — Accepted: February 15, 2016 — Distributed: May 31, 2017

Abstract

The treatment of sialorrhea is necessary for the constant risks posed by hypersalivation. A new therapeutic option comes
up with the application of botulinum toxin in salivary glands. However, little is known about its mechanism of action
in glandular tissue. Based on the above, this work had the objective to systematically review the literature about the
action of botulinum toxin on submandibular and parotid salivary glands tissues. Electronic search was performed in
databases of great relevance for this study (PubMed, SciELO, HighWire, Crossref, Scopus, Science Direct, MEDLINE,
OLDMEDLINE, Serials Database, NLM Catalog, LILACS and IBECS). Inclusion and exclusion criteria for articles
were established, and a total number of 14 articles were selected and used. There are few publications that clarify how
the salivary gland acini behave with application of botulinum toxin. Although, the immunohistochemical findings
were consistent among authors, showing weak immunoreactivity in glands treated with botulinum toxin. Histometric
data are divergent, requiring more detailed studies to answer the questions about the efficacy and safety of botulinum
toxin in salivary glands.
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Achados histolégicos e imunohistoquimicos da a¢ao da toxina botulinica
em glandula salivar: revisao sistematica

Resumo

O tratamento da sialorreia se faz necessario pelos constantes riscos trazidos por este estado de hipersalivagao.
Uma nova opgao terapéutica surge com a aplicacao da toxina botulinica em glandulas salivares. Entretanto, pouco
se sabe sobre 0 seu mecanismo de a¢do no tecido glandular. Com base no exposto, este trabalho teve o objetivo de
revisar sistematicamente na literatura a a¢do da toxina botulinica sobre o tecido das glandulas salivares submandibular
e parotida. Foi realizada uma busca eletronica em bases de dados de grande relevancia para este estudo (PubMed,
SciELO, HighWire, Crossref, Scopus, Science Direct, MEDLINE, OLDMEDLINE, Serials Database, NLM Catalog,
LILACS e IBECS). Foram estabelecidos critérios de inclusdo e exclusao para os artigos, e um “n” de 14 trabalhos
foram selecionados e utilizados. Sao poucas as publicagdes que esclarecem como os acinos das glandulas salivares se
comportam mediante aplica¢@o da toxina botulinica. Apesar de os achados imunohistoquimicos entre os autores serem
concordantes, com imunorreatividade mais fracas nas glandulas tratadas com a toxina botulinica, os dados histométricos
sdo divergentes e ha questionamentos metodologicos, necessitando de mais estudos pormenorizados para responder
as questdes sobre a eficacia e seguranca da toxina botulinica nas glandulas salivares.

Palavras-chave: toxinas botulinicas, glandulas salivares, sialorreia, toxinas botulinicas tipo A.
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1. Introduction

Sialorrhea or hypersalivation is a common phenomenon
in children during the development of oral neuromuscular
control, ranging from 18 to 24 months of life. However,
after 4 years of age this condition is considered abnormal
and hence, pathological (Augusto and Perez, 2006).

Hypersalivation is the result of hypersecretion of
salivary glands, but it is commonly associated with the loss
of neuromuscular control with impaired oral motor activity
and increased saliva flow (Yang et al., 20006). It can also
occur as a side effect of drugs that act by increasing the
activity of specific receptors in the secretomor pathway,
resulting in hypersecretion. However, most patients
suffering from sialorrhea show poor oral neuromuscular
control (Jongerius et al., 2001).

The consequences of hypersalivation include facial and
perioral dermatitis (Yang et al., 2006; Bloem et al., 2009);
increased perioral and oral infections, halitosis, hygiene
difficulties, social isolation, aspiration risk and loss of
fluids and electrolytes (Yang et al., 2006; Jankovic, 2009);
difficulties to speak and pneumonia (Alter, 2010); and risk
of lung infections (Ellies et al., 2002), which generate great
impact on the patient’s life. On the other hand, the decrease
in salivary flow and xerostomia, the person may develop
severe weakness in oral health, difficulty with speech,
chewing, swallowing, changes in the mucous membrane,
tooth loss (Sanioto et al., 2013), among others as microbial
infections such as candidiasis caused by pathogenic species
of Candida (Rodrigues et al., 2004).

As this is a multifactorial disease, there are several
therapeutic approaches. Anticholinergic drug substances
such as Atropine, Benztropine, Glycopyrrolate, and
Benzhexol Hydrochloride are some options, which reduce
the volume of saliva in the oral cavity by blocking the
action of parasympathetic autonomic nervous system on
acetylcholine receptors on the salivary glands (Ellies et al.,
2006a; Coskun et al., 2007; Bavikatte et al., 2012). Other
ways include antihistaminic drugs (Alter, 2010); surgery
such as ablation of salivary glands, tympanic neurectomy,
transposition or retropositioning of excretory ducts or
ligation of excretory ducts (Ellies et al., 2002; Savarese et al.,
2004; Manrique et al., 2007); radiotherapy (Bavikatte et al.,
2012; Kasarskis et al., 2011; Corso et al., 2011); speech
therapy (Crysdale, 1980); techniques of body position,
and the “biofeedback” (Tscheng, 2002; Savarese et al.,
2004; Bloem et al., 2009; Valencia and Mendoza, 2011).

Currently, botulinum toxin has been used in the treatment
of sialorrhea (Savarese et al., 2004; Lagalla et al., 2009;
Intiso, 2012) because it is able to depress the secretory
activity of salivary glands (Ellies et al., 2004). These
are neurotoxins produced by Clostridium botulinum
(Prevot, 1953), an anaerobic bacterium (Sposito, 2009).
The bacterium Clostridium botulinum produces many
serological types of toxins (A, B, C1, D, E, F and G) (Tsui,
1996; Sposito, 2004, 2009; Poulain et al., 2008; WHO,
2013) as a complex mixture of neurotoxic polypeptides
and nontoxic protein components, and type A and B are
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commercialized and available for medical use (Sposito,
2004, 2009; Poulain et al., 2008). There are still some
authors mentioning an eighth serotype of botulinum toxin,
the C2 (Bhayani and Suskind, 2008).

The application of botulinum toxin type A as a
treatment for sialorrhea was first proposed in 1997
through intraglandular injection (Bushara, 1997). The
intraglandular application of botulinum toxin type A or
B has been used to treat hypersalivation (Lagalla et al.,
2009; Intiso, 2012) because it is able to depress secretory
activity of the salivary glands (Ellies et al., 2004) and
saliva production can be effectively reduced by botulinum
toxin (Turk-Gonzales and Odderson, 2005). Its action is
based on the inhibition of acetylcholine (ACh) release at
the presynaptic level, by acting on the cholinergic nerve
terminals (parasympathetic nerve terminals), causing local
chemical blocking and the loss of neuronal activity in the
target organ (Bushara, 1997). All serotypes of botulinum
neurotoxin interfere with acetylcholine exocytosis, but
act in different intracellular targets. Botulinum toxin
type A has targeted the SNAP-25 protein, while the type
B cleaves VAMP/synaptobrevin, protein comprising a
complex called SNARE, responsible for the fusion of
synaptic acetylcholine vesicles at the synaptic membrane
(Schiavo et al., 2000; Aoki and Guyer, 2001).

Salivary glands produce two distinct types of saliva,
a more serous (secreted by acinar serous, it is a fluid
secretion rich in electrolytes and enzymes, but containing
low glycoprotein content as the saliva produced by the
parotid glands) and a more mucosal (more viscous and has,
beyond the components already described above, highly
glycosylated proteins called mucin, as that produced by
sublingual glands) (Nakamura et al., 2004; Proctor, 2006;
Sanioto et al., 2013). The fluid secretion rich in electrolytes
(glandular fluid and ion secretion) is secreted mainly by
stimulation of M3 muscarinic receptors for acetylcholine
(Nakamura et al., 2004; Proctor, 20006).

Even though there are many clinical trials in the literature
showing the efficacy of the drug, experimental studies are
scarce. There is the need for detailed studies on its safety
and effect on glandular tissue. Thus, this study aims to
review the existing literature of experimental studies in
animals, verifying data on the action of botulinum toxin
in the major salivary glands tissues and the efficiency and
safety of this drug for sialorrhea treatment.

2. Material and Methods

An electronic search was performed in the Portal de
Periodicos da Coordenagdo de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES) which brings together highly
relevant databases for this study (SciELO, HighWire,
CrossRef, Scopus and Science Direct); no PubMed®,
a search system for information on Health of the U.S.
National Library of Medicine (NLM) which included the
MEDLINE, OLDMEDLINE, Serials Database and NLM
Catalog ; and the Biblioteca Virtual em Saude (BVS), also
known as Biblioteca Regional de Medicina (BIREME),
which includes the databases LILACS, IBECS, MEDLINE,
Cochrane Library, and SciELO. In addition, a manual
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search in reference lists was performed in the period from
February 2013 to November 2015.

To perform this research, the descriptors “Botulinum
Toxins” AND “Salivary Glands” AND “Drooling OR
Sialorrhea OR Hypersalivation” were used, all included in
the Medical Subject Headings (MeSH) and Descritores em
Ciéncias da Saude (DeCS). The research was conducted by
two reviewers, checking the intersection of these descriptors
and their correspondents in English. This research did not
count on language restriction and a filter of time was not
used. The additional papers were selected for inclusion
and exclusion criteria.

Literature review articles, case reports, conference
abstracts, non-experimental studies and experiments not
performed in laboratory animals were excluded from
this search. The selection had as inclusion criteria the
application of intraglandular botulinum toxin type A or
type B, or type A and type B associated, in salivary glands
(parotid or submandibular) of animals, and which have
had subsequent histopathological, immunohistochemical
and/or ultrastructural analysis.

3. Results

Atotal of 216 peer-reviewed journals were found during
the search in CAPES; in PubMed® the search resulted in
277 works, using a filter which limits the species in “other
animals” excluding “humans”; and in BVS/BIREME a
number of 106 articles were found. In the manual search,
based on the list of references in the articles, a number of
184 articles were obtained, totalizing 783 scientific articles.
In the first analysis, 82 articles were discarded by being
repeated and 406 by the title. The remaining 295 articles
have gone through a critical analysis of the evaluators,
and after application of exclusion and inclusion criteria,
14 articles were selected and used in this work.

All articles were evaluated independently by three
reviewers, resulting in the elaboration of Table 1. Selected
articles were organized by author and the year of publication;
type and dose of applied botulinum toxin (A or B); animal
and gland used in the study; type of processing methods
used to evaluate drug action; and main results.

Table 1. Studies on the action of botulinum toxin in the salivary gland of rats, identified by author, year, type and dose of
toxin, salivary gland and study methodology used and main results.

Type and dose .
Authors and of botulinum Animal and Study methodology Main results
year . gland used
toxin
Analysis after 7, Immunoreactivity weaker
19 rats Wistar 14 and 28 days of on (l;a $7 1 4Va1¥ dVES in
. BTX-A (200-360 g). application. Histological S /s
Ellies et al. ® ; . the treated group. Nuclear
(Botox®). Females. Right processing (HE), . . .
(1999) . . . counting slightly higher than
25U submandibular ~ morphometric studies and .
. . the controls. No change in
gland. Immunohistochemistry for acinar volume
acetylcholinesterase (AChE). volume.
Analysis after 7, Weak immunoreactivity
. 14 and 28 days of observed in the group
. BTX-A 16 rats Wistar application. Histological  treated on days 7 and 14, but
Ellies et al. ® (200-360 g). .
(Botox®). ; processing (HE), stronger on day 28. Nuclear
(2000) Females. Right . . - .
25U. arotid eland morphometric studies and  counting slightly lower than
p gland. Immunohistochemistry for  in controls. Slight increase in
acetylcholinesterase. acinar volume.
10 rats Wistar .
(200-360 g). Analysis after 73 14'and Weak immunoreactivity
. BTX-A 28 days of application. .
Ellies et al. ® Females. . . observed proportional to the
(Botox®). . Immunohistochemistry . . .
(2003) Parotid gland . increasing of toxin exposure
2.5U. . for Neuronal nitric oxide .
and right synthase (NNOS) time in the treatment group.
submandibular. Y )
Rats. Sex and . . Decreased 1mm1}noreact1v1ty
cicht not Immunohistochemistry of acetylcholinesterase
BTX-A. Dose ‘; f(%rme d for acetylcholinesterase and neuronal nitric oxide
Ellies (2003) and brand not o and neuronal nitric oxide synthase in the treated
Submandibular
informed. . synthase. Morphometric groups. Normal glandular
and parotid . .
glands studies. parenchyma. Small increase

in cell volume.
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Type and dose

Authors and of botulinum Animal and Study methodology Main results
year toxin gland used
18 rats Wistar Analysis after 6, 10 and Temporary atrophy of the
Yuan et al BTX-A (210-280 g). 30 days of application. acinar and ductal cells.
(2004) ' (Prosigne®). Females. Right Histological processing (HE)  No inflammatory process.
2.5U. submandibular  and Immunohistochemistry =~ Weak immunoreactivity in
gland. for substance P the treated group.
20 rats Wistar Analysis after 5, 7, 14 and Weak immunoreactivit
. BTX-A (200-360 g). 28 days of after application. . Y
Ellies et al. © - . . observed proportional to the
(2006a) (Botox®). Females. Right Immunohistochemistry increasing of foxin exXposure
2.5U. submandibular for Neuronal nitric oxide icreasing P
time in the treatment group.
gland. synthase.
20 rats Wistar Analysis after 5,7, .14 a'nd Weak immunoreactivity
. BTX-A 28 days of after application. .
Ellies et al. ® (200-360 g). . . observed proportional to the
(Botox®). : Immunohistochemistry . . .
(2006b) Females. Right L increasing of toxin exposure
2.5U. . for Neuronal nitric oxide .
parotid gland. time in the treatment group.
synthase.
15 rats Wistar . Reduction in size of
BTX-A (275-325 g). Analysis after 14 and the glands, but with no
Coskun et al. © ; 28 days of application. . .
(Botox®). Females. Right .. X . permanent histological
(2007) . Histological processing (HE) .
2.5U. submandibular and ultrasonograph changes in the cells.
gland. graphy- Lymphocytic infiltration.
BTXZ%B ou Analysis after 14 days of  Reduced weight of the gland.
(Botox®) 18 rats Wistar application. Macroscopic, Acini more compressed
Teymoortash etal. BTX-A: 5 (250-300. 2). hls.tologwal processing (HE), and Wl.th a smaller area.
Males. Right immunohistochemistry, Lower immunoreactivity
(2007) U; BTX-B: . . . . .
submandibular  immunohistochemistry for in the treated groups.
250 U (1:50, o .
. gland. amylase and transmission Ultrastructural changes in
conversion electron microscopy (TEM) the treated group
factor). ) )
BTX-A. 8 ?ZH;blE 1t)s Significant histological
Gerlinger et al. ' = KE)- Analysis after 8 weeks of changes not observed and
(2007) U. Brand not Males. Right application temporary reduction in saliva
informed. submandibular PP ’ porary requct v
production.
gland.
Analysis after 7, 12 and
18 rats Wistar 35 days of application.
Wen et al. BT.X_A® (210-280 g).  Histological processing (HE) Tempora%ry'cell atrophy .an.d
(Prosigne®). ; . . . decrease in immunoreactivity
(2009) Females. Right and immunohistochemistry .
25U. . L . in the treated group.
parotid gland. for vasoactive intestinal
polypeptide.
10 U — Analysis after 1 Size reduction of acinar
week; cells, fibrosis, ultrastructural
30 rabbits 5 U — Analysis after 1,2,4  changes in the treated group,
Shan et al BTX-A (2.4+/-0.3 kg).  and 12 weeks. Histological decreased salivary flow,
(2013) ' (Prosigne®). Males. Left processing (HE), TEM, apoptosis in acinar and
10 U and 5U.  submandibular Tunel (apoptosis), ductal cells in the treated,
gland. immunofluorescence for  inhibition of the M3 receptor,

AQPS, salivary flow and
PCR for M3.

and location of AQPS in the
cell cytoplasm.
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Type and dose .
Authors and of botulinum Animal and Study methodology Main results
year toxin gland used

Reduction in the size of the

. acini, with less secretory
. BTX-A 15 rats Wistar Analysis after 20 days of ~ granules and with extensive

Younis et al. ® (150-200 g). I . .
(Botox®). . application. Histological and coarse vacuoles.
(2013) Males. Right . .
2 U. arotid eland processing (HE) and TEM.  Larger interlobular spaces.
p gland. Ultrastructural changes in
the treated group.
Analysis 1, 2, 4, 12 and
24 weeks after application.
Measurement of Saliva Reduced salivary flow in a
Secretion; Western Blotting;  dose-dependent; SNAP-25
30 rats Immunohistochemistry immunostaining was
Soracue-Dawle for SNAP-25 and decreased; proteolysis of
BTX-A p(23go_2 50 o) Y immunofluorescence for SNAP-25 in the treated
Xuetal. (2015)  (Prosigne®). & aquaporin 5 (AQPS); Cell groups; decreased AQP5
Males. Left . .
1,2,3and 10 U. submandibular Culture and Transfection; immunofluorescence; and
gland Cell Surface Biotinylation redistribution of AQPS

and Western Blotting; Cell
Surface Biotinylation and
Immunocytofluorescence;
Preparation of Cytoplasm
and Membrane Fractions.

(diffuse cytoplasmic
distribution) in the treated
groups.

4. Discussion

There are few studies in literature reporting the action
of botulinum toxin in parotid or submandibular salivary
glands tissues. However, Emmelin (1961) investigated the
effect of botulinum toxin in parotid and submandibular
glands of cats, in which noticed a decrease in acetylcholine
release and an increase in sensitivity of the glandular tissue
by other stimulating agents of salivary secretion.

The use of the toxin in sialorrhea treatment was based
on a publication in 1923, when Dickson and Shevsky
observed that the tympanic nerve, which induces salivation,
was blocked in cats infected by Clostridium botulinum
(Savarese et al., 2004; Ellies et al., 1999). As a therapeutic
resource, the toxin was released to patient administration just
in 1989, when the FDA (Food and Drugs Administration)
classified it as safe and effective drug for the treatment of
movement disorders. In 1990, the consent of the National
Institutes of Health included botulinum toxin type A in
the list of safe and efficient medications (Sposito, 2004).

There are few studies involving histological processing
with histometric and histopathological data. Currently,
experimental studies of the action of botulinum toxin in
salivary glands follow a pattern, in rats, and the majority
refers to immunohistochemical studies. Immunohistochemical
investigations were made mainly for the enzyme
acetylcholinesterase (AChE) and neuronal nitric oxide
synthase (nNOS) in submandibular and/or parotid glands
of female rats, such as publications of Ellies et al. (1999,
2000, 2003, 2006a, b) and Ellies (2003).

Braz. J. Biol., 2017, vol. 77, no. 2, pp. 251-259

The choice of acetylcholinesterase is justified by the
fact that intraglandular treatment with botulinum toxin is a
pharmacological “denervation” of salivary glands, which
causes inhibition of acetylcholine release (ACh) in the
neuroglandular junction (chemical parasympathectomy)
and produces a reduction in saliva flow, since botulinum
toxin selectively inhibit cholinergic componentes (Intiso,
2012; Teymoortash et al., 2007). The AChE activity
depends on the concentration and availability of its
substrate, acetylcholine, and they both vary according to
the degree of cholinergic innervation of exocrine glands
(Ellies et al., 1999).

Nitric oxide (NO) is a small simple molecule, intercellular
messenger in higher mammals, an important neurotransmitter,
with potentiating capacity, endocrine, autocrine and paracrine
actions (Flora-Filho and Zilberstein, 2000). Nitric oxide
acts as a possible vascular neuromodulator in the regulation
of specific secretory processes in the upper aerodigestive
tract (Ellies et al., 2006a). The enzyme neuronal nitric
oxide synthase is an important marker of nerve terminals
in salivary glands (Chiba and Tanaka, 1998; Takai et al.,
1999). Thus, besides acetylcholine transmitters, other
neurotransmitters, such as NO neuromodulator may also
be involved in regulating the function of the salivary gland
(Ellies et al., 2003, 2006a, b).

Ellies et al. (1999, 2000, 2003, 2006a, b) and Ellies
(2003), tested the immunoreactivity for acetylcholinesterase
and neuronal nitric oxide synthase in parotid and
submandibular glands of female rats and demonstrated
weak immunoreactivity for these enzymes in the groups
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treated with botulinum toxin, becoming proportional with
the increase of the time exposure to the toxin.

According to histological studies in submandibular
glands of female rats made by Ellies et al. (1999), there is
no clear difference of serous acini of glands injected with
the toxin and saline in their histometric measurements,
although both had a slightly higher nuclear counting than
in the acini control group. They did not find apoptosis and
morphometric measurements revealed no acinar volume.

Parotid glands of rats on the 7" day after drug application
showed nuclear number a little lower than in the control
group. Histometric measurements found a greater volume
in the acinar cells, especially on day seven, resulting in a
smaller number of nuclei per cross-sectional area. This finding
has been described as a result of parasympathectomy and
can refer to the retention of the cell body waste products.
Important side effects, such as apoptosis due to a toxic
reaction, was not observed (Ellies et al., 2000). Ellies (2003),
says that after injecting the toxin into the parotid glands
of rats, the integrity of glandular parenchyma remained
unchanged, with just a slight increase in cell volume
explained by the temporary retention of excretory material.

Yuan et al. (2004), in addition to conventional histological
processing, the authors also performed immunohistochemistry
for substance P, a bioactive peptide that modulates the
secretion on salivary glands. They concluded in their work
that there was no cellular infiltration, no inflammatory
process and nor necrosis around acinar cells and ducts
of submandibular glands of rats, although it temporarily
induces atrophy of acinar and ductal cells. They also
observed decreased immunoreactivity to substance P.

Teymoortash et al. (2007), treated submandibular glands
of rats with botulinum toxin type A, B and A/B, performed
conventional histological studies, immunohistochemical
and ultrastructural analysis, and tested the immunoreactivity
for amylase. They showed a reduction in weight of the
submandibular gland. Structural changes were observed in
all treated groups. More significant changes were observed
in glands removed from animals that received simultaneous
administration of botulinum toxin type A and B, showing
the most densely compressed acini, with slightly elongated
shape and the basophilic basal area containing the most
pronounced core, in which the morphometric analysis
indicated that the area of acinar cells were lower in rats
treated with botulinum toxin than in controls with an
increase in intersticial tissue, and ultrastructural changes
were also observed, such as fewer secretory material,
increased rough endoplasmic reticulum, change in size of
the secretory vacuoles with occurrence of coalescenses.
They also showed that the preparations for immunoreactivity
of salivary amylase were strongly stained in the control
group, decreasing in the treated groups.

Thus, it is clear that the results found by Teymoortash et al.
(2007), are different from those found by Ellies et al. (1999),
since these last authors claim to be no clear difference
between the serous acini of treated and untreated groups.
Teymoortash et al. (2007), affirm that in the first study
performed by Ellies et al. (1999), morphometric evaluations
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were limited to the description of serous acinar cell nuclei
and did not use a standard method of fixation to minimize
differences in shrinkage of the tissue samples.

Coskun et al. (2007), in addition to histological
processing, used radiological studies before and after
application of the toxin in submandibular gland of rats,
observed reduction in size of the glands, but with no
permanent histological changes in the cells. There was no
change in the vascularization. It is believed that changes in
the size of the submandibular gland may have occurred as
aresult of functional effect due to a decrease in secretion.
Furthermore, the experiments showed lymphocytic infiltration
and apoptosis was not observed. Gerlinger et al. (2007),
found no remarkable histological changes in submandibular
glands of rabbits, however, the authors only analyzed the
gland after two months of drug injection, suggesting the
completion of the same action on the glandular tissue.

Wen et al. (2009), also performed immunohistochemistry
for vasoactive intestinal polypeptide (VIP) in parotid gland
of rats and showed a decrease in immunoreactivity to VIP,
which would act as a possible modulator of secretion in
parotid glands.

Thus, these authors Yuan, Hou and Wen (2004) and
Coskun et al. (2007), agree in saying that botulinum toxin
type A temporarily induces atrophy of acinar cells. However,
disagree on the point regarding on whether or not there is
leukocyte infiltration. Wen et al. (2009), using botulinum
toxin type A in parotid glands of rats, reached the same
conclusions, claiming to exist a temporary cell atrophy,
disagreeing with the findings of Ellies et al. (2000), who
also used the parotid gland and observed an increase in
acinar volume.

Shan et al. (2013), injected 10 U and 5 U of botulinum
toxin type A in submandibular glands of rabbits and showed
a reduction in size of acinar cells, fibrosis, ultrastructural
changes in the treated group with coalescence of secretory
granules, decreased salivary flow, apoptosis in acinar
and ductal cells in the groups treated with the toxin.
The morphology of the gland returned to normality as
the botulinum toxin was losing its effect. Younis et al.
(2013), which applied 2 U of botulinum toxin type A in
the parotid gland of rats and observed a reduction in the
size of the acini and wide variations in secretory granules
with extensive and coarse intracellular vacuole, increased
endoplasmic reticulum and increased number of degenerate
mitochondria and interlobular wider spaces.

The ultra-structural findings of Teymoortash et al.
(2007), Shan et al. (2013) and Younis et al. (2013), were
similar regarding the changes in secretory granules.
Teymoortash et al. (2007) and Younis et al. (2013),
also agree with the changes of the rough endoplasmic
reticulum. The increase in interstitial tissue described by
Teymoortash et al. (2007), the interlobular space observed
by and Younis et al. (2013), and stromal fibrosis reported
by Shan et al. (2013), can be explained by the decrease
of acini, and the resulting reduction in this space volume
occupied by the parenchymal stromal tissue, or by the
tissue reaction that occurs by application of the toxin in
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the gland. However, no author suggests this mechanism
and further studies should occur to clarify such events.

Moreover, Shan et al. (2013), applying botulinum toxin
type A in submandibular glands of rabbits and performing
immunofluorescence to aquaporin 5 (AQPS5) and PCR for
M3, suggested that the molecular mechanism of action
of botulinum toxin type A is achieved by inhibiting the
muscarinic receptor (M3), blocking the expression of
AQPS protein (an aquoporine) involved in secretion of
water. Xu et al. (2015), performed immunofluorescence
for AQP5 in the submandibular glands of mice and showed
decreased AQPS immunofluorescence in the apical portion
of the acinar cells of the groups treated with the toxin, but
being reversed over time. These authors also conducted
culture of acinar cells of submandibular glands. In these
cultured and treated with the toxin cells, AQP5 appeared
present in the cytoplasm rather than being located on its
apical plasma membrane, indicating a postsynaptic effect
of the drug.

The increase in cytosolic intracellular free calcium
caused by acetylcholine stimulates the transport of
aquaporin (AQP) to the apical plasma membrane and
the rapid movement of water. In salivary glands of rats
was identified aquaporin 5 (Cheidde and Schor, 1999;
Melvin et al., 2005; Catalan et al., 2009).

Xu et al. (2015) also verified clinically the salivary
flow of animals and concluded that salivary flow is reduced
depending on the dose applied, agreeing with Shan et al.
(2013). Regarding the immunohistochemistry for SNAP-25,
Xu et al. (2015) observed reduced immunoreactivity and
proteolysis of SNAP-25 protein in the treated groups and
that it is recovered over time. These results support what is
described in the literature about the mechanism of action
of botulinum toxin type A, which has as something with
SNAP-25 anchoring protein, and that after a certain period,
the toxin begins to lose its effect and there is the regeneration
of SNAP-25 proteins. According Pérez-Legaspi et al. (2015),
SNAP-25 protein plays a crucial role in neuroexocytosis
and transmitting of nerve impulses.

5. Conclusion

Based on the findings in literature, it is possible to
conclude that there are few publications of experimental
studies to determine the mechanism of action of botulinum
toxin inside the salivary gland tissue. Despite the
immunohistochemical findings among authors are similar,
with weaker immunoreactivity in the glands treated with
botulinum toxin, histometric data are different and there
are methodological questions, requiring more detailed
studies to answer possible questions about the effectiveness
and safety of botulinum toxin in salivary gland and to
explain the mechanisms behind the observed changes in
transmission electron microscopy.

Abetter understanding of morphological, histological
and immunohistochemical mechanisms of salivary glands
under the influence of botulinum toxin is directly related
to the understanding of professionals who could use it

Braz. J. Biol., 2017, vol. 77, no. 2, pp. 251-259

as a resource in the treatment of sialorrhea. Therefore, it
is necessary to encourage new experimental and clinical
studies about the effect of botulinum toxin, in order to the
make use of this substance more frequent and accessible,
decreasing the use of more invasive techniques.
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