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Abstract: Schizophrenia is a chronic psychiatric disease that affects
approximately 1% of the global population. Schizophrenia is
characterised by positive, negative and cognitive symptoms. The
etiological factors of this psychiatric illness are not fully deciphered,
but the most incriminated are genetic factors and environmental risk
factors.
The treatment of schizophrenia has the role of reduction the duration
and intensity of episodes and consists in the administration of typical
or atypical antipsychotic drugs, antiparkinsonian, anxiolytic,
sedatives or antidepressants. Of these, some of the drugs may have
side effects that modify patients' salivary flow rates.
Xerostomy is a subjective sign characterized by a dry mouth sensation
and is caused by hypofunction of the salivary glands. According to a
series of studies, xerostomia can be an adverse effect of typical
antipsychotic medication as well as antiparkinsonian medication.
Sialorrhea is caused by hyperfunction of the salivary glands and is
characterized by an increased secretion of saliva. This side effect is
especially noticeable during the night sleep. Alteration of salivary
function creates increased discomfort to the schizophrenic patient,
which causes him to give up regular medication.
The aim of this study is to review the literature on the link between
schizophrenia, the treatment of schizophrenia and impaired salivary
function.
Keywords: Schizophrenia, Saliva, Xerostomia, Antiphychotic,
Salivary flow rate.
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1. Introduction
Schizophrenia is one of the most frequent mental disorders with a
global prevalence of 1% (Coulon et al., 2016; Moś, 2015). It is characterised
by positive symptoms (Coulon et al., 2016), like hallucinations (false
perceptions) and delusions (false beliefs) and negative symptoms, like
apathy, or diminshed expression of affection (Moś, 2015). The etiology of
this illness has not been completely discovered, however, two factors are
incriminated in the literature: the genetic basis and the association with
environmental risk factors (Tandon et al., 2008).
The treatment of schizophrenia consists mostly of psychotropic
drugs (antipsycholitics, antidepressants or mood stabilizers) (Moś, 2015)
with a major impact on oral health (Rosa et al., 2021). Some studies have
reported that oral side effects (like hypo- or hypersalivation) of drugs used in
the treatment of schizophrenia represent a factor that causes patients to give
up these drugs (Mohandoss & Thavarajah, 2019).
Saliva has a very important role in maintaining an optimal oral status,
and its quantitative variations may be accompanied by oral conditions such
as xerostomia (dry mouth sensation), carious lesions, or periodontal disease
(Krunić et al., 2013). On the other hand, psychiatric patients represent a risk
group for oral disorders, both because of psychotropic medication side
effects and as a result of the minimal attention they pay to oral hygiene, or
increased consumption of alcohol and cigarettes (Velasco-Ortega et al.,
2019).
The aim of this is to conduct a literature review on the connection
between schizophrenia, the treatment of schizophrenia and the changes of
the salivary flow rate.
2. Schizophrenia

2.1 Etiology
2.1.1. Genetic bases
The etiological factors incriminated in the occurrence of
schizophrenia have not been completely deciphered, so there are several
theories that describe this disorder as the result of the interaction between
genetic, psychological and environmental risk factors (Đorđević et al., 2016).
Over time, a number of studies have succeeded in demonstrating the
genetic basis of schizophrenia, analyzing the incidence of this psychiatric
disorder in families where one of the members had been diagnosed with
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schizophrenia (Kendler et al., 1993). Other authors drew these conclusions
by comparing the number of schizophrenic patients with biological parents
diagnosed with schizophrenia, to the number of patients with adoptive
parents diagnosed with schizophrenia. Therefore, the results of this research
demonstrated the genetic transmission of this psychiatric disorder (Shore,
1993).
Research on twins has shown that dizygotic twins share 50% of the
genetic material, while monozygotic twins share 100% of the genetic
material (Chirita et al., 2012). Therefore, if a dizygotic twin suffers from this
disease, the risk of schizophrenia of the other twin is about 15-20%, while in
the case of monozygotic twins, the risk is 40-50% (Tandon et al., 2008; Untu
et al., 2015). Schizophrenia is described as a heterogeneous, multifactorial or
polygenic disorder with a wide variety of genetic polymorphisms (Đorđević
et al., 2016; Tandon et al., 2008).

2.1.2. Environmental risk factors
Environmental risk factors counted in biological and psychosocial
factors with which the patient interacted in the prenatal, postnatal,
childhood or adolescence period (Tandon et al., 2008).
In the prenatal period, the main risk factors incriminated in the
development of schizophrenia are determined by maternal infections, of
which the most common are influenza infection, rubella or toxoplasmosis
(Sjögren & Nordström, 2000).
Other risk factors encountered in the prenatal period are represented
by complications at birth, where the most common is fetal hypoxia
(Cockburn et al., 2017).
A series of studies bring into question a very interesting factor, but
without any scientific explanation, namely the period of birth. A 5-10%
increase in the risk of developing schizophrenia has been reported in
patients born in late winter or early spring (Ciobotea et al., 2016; Habtewold
et al., 2020).
During childhood, the risk factors associated with the development
of this psychiatric disorder are mainly represented by mental traumas, such
as parental separation, infections, or head injuries (Ciubara et al., 2015;
Tandon et al., 2008).
During adolescence, the incriminated factors are represented by
stress or events with increased emotional involvement. Another risk factor
in the development of schizophrenia is high drug consumption, such as
cannabis (Shah et al., 2012).
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2.2. Symptoms
Schizophrenia has three main categories of symptoms:
Positive symptoms: hallucinations, paranoia, exaggerated or distorted
perceptions, beliefs, behaviors and movement disorders (catatonia,
ecopraxia, ecomimia, psychomotor agitation)
Negative symptoms: emotional blunting, avolition (lack of
motivation), alogia (decreased rhythm and flow of spontaneous speech; may
reflect impoverishment of thought), anhedonia (diminished or lack of ability
to feel pleasure), attention deficit, social withdrawal (Buchanan, 2007;
Radulescu et al., 2020).
Cognitive symptoms: confused and disordered thinking and speech,
logical reasoning deficits (Habtewold et al., 2020).

2.3. Treatment of schizophrenia
The objectives of the treatment are:
● decrease the duration and the intensity of the psychotic. episodes.
● diminish mortality.
● improve adaptation to social life (Đorđević et al., 2016).
The treatment of schizophrenia consists principally of antipsychotics
of first generation (also known as traditional or typical) or second generation
(atypical), antidepressants, anxiolytics, or antiparkinsonians (Đorđević et al.,
2016; Moś, 2015). The therapeutic effect of the first generation
antipsychotics consists of an antagonistic reaction on dopamine D2
receptors, while the effect of the second generation antipsychotics is based
on an antagonism on serotonin A2 receptors (Bertaud-Gounot et al., 2013;
Đorđević et al., 2016).
The most commonly used first-generation antipsychotics are
chlorpromazine, haloperidol, sulpiride, levomepromazine. Over time a
number of side effects have been described, the strongest of which are
extrapyramidal symptoms, vegetative or neuroendocrine (Krunić et al., 2013;
Praharaj et al., 2010). Despite the well-known side effects and the emergence
of a new generation of antipsychotics, chlorpromazine remains one of the
most widely used drugs for the treatment of schizophrenia, benefiting from
its low cost advantage. Xerostomia is a common side effect in patients using
these drugs, and this fact can be observed in the oral health of schizophrenic
patients treated with chlorpromazine. In situations where the extrapyramidal
symptoms are intense, antiparkinsonian drugs can also be used, whose
xerostomic effect is associated with that of chlorpromazine (Krunić et al.,
2013; Dickerson et al., 2017; Sacuiu et al., 2012).
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The second generation antipsychotics currently used in the therapy
of schizophrenia, are clozapine, olanzapine, amisulpride or risperidone. This
new generation of antipsychotics has recognized as an adverse effect,
sialorrhea, increased rate of salivary flow. Clozapine, for example, is an
atypical antipsychotic, used in patients with treatment-resistant
schizophrenia (Praharaj et al., 2010) and has dual side effects, causing both
xerostomia and sialorrhea (in 31-72% of patients) (Mohandoss &
Thavarajah, 2019). In patients who used olanzapine, the reported adverse
effect was xerostomia (Chaves et al., 2013).
Sialorrhea is an adverse effect that causes the patient a great
discomfort, especially because it occurs during night or even during
afternoon sleep (Mohandoss & Thavarajah, 2019; Praharaj et al., 2010).
Along with antipsychotics, other drugs are used in the treatment of
schizophrenia, in order to reduce side effects, such as antidepressants,
antiparkinsonian drugs, anxiolytics or sedatives. These drugs can also cause
alterations in the rate of salivary flow, such as xerostomia (Đorđević et al.,
2016; Moś, 2015).
3. Salivary flow
Saliva is produced by the parotid, sublingual and submandibular
salivary glands in a proportion of 90%, and the remaining 10% is produced
by the accessory salivary glands. The parotid glands play a major role in the
release of stimulated saliva, and the submandibular glands in the production
of unstimulated saliva, while the submandibular glands produce a small
amount of stimulated and unstimulated saliva. Mucoid saliva is produced by
sympathetic stimulation of the glands, and aqueous saliva is produced by
parasympathetic stimulation. Normally, the average quantity of saliva
produced in a day is between 0.5 -1.5 l (Rosa et al., 2021).
Saliva is an exocrine, complex biological fluid, composed of 99%
water and the rest, proteins, organic and inorganic elements. Therefore, a
wide variety of components such as inorganic elements like calcium,
magnesium, potassium, sodium, bicarbonate, organic elements such as
amylase, peroxidase, polypeptides, glycoproteins, lipases, immunoglobulins,
albumins, or other factors with an antimicrobial role can be found in the
composition of saliva (Javaid et al., 2016; Rosa et al., 2021).
In the oral environment, saliva has several functions:
● lubrication
● protection of all structures in the oral cavity
● buffer capacity
● clearance
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● antibacterial activity
● digestion (Humphrey & Williamson, 2001)
Some studies have shown that between the concentrations of the
components present in saliva and those present in the blood, there is a
correlation, which is why saliva is used as an object for diagnosing or
monitoring general conditions. On the other hand, the main role of saliva is
to maintain the homeostasis of the entire oral environment (Liu & Duan,
2012).
The salivary flow can be stimulated when pharmacological agents,
mechanical or gustatory stimuli are used to produce saliva, or it may be
unstimulated when these techniques are not used (Muddugangadhar et al.,
2015). Regarding the salivary flow rate values, there is a great variability,
both for stimulated and unstimulated flow. These variations take into
account the patient's age, general condition, medication and even the time of
saliva sampling, as some studies have shown that there are differences
between the rates of daytime and nighttime salivary flow (Humphrey &
Williamson, 2001; Muddugangadhar et al., 2015).
Humphrey & Williamson (2001) consider that the normal values of
the unstimulated salivary flow must exceed 1 ml /min, and for the
stimulated salivary flow, 2 ml /min. The value of unstimulated salivary flow
resulted from achieving an average between the flow rate during the waking
hours (3ml /min) and the rate of salivary flow during sleep which is close to
a value of zero. Regarding the rate of stimulated salivary flow, it is
considered to be the main contributor to salivary flow, providing 80-90% of
daily saliva secretion (Liu & Duan, 2012).
The lack of the salivary flow leads to the appearance of xerostomia
(the sensation of dry mouth) or hyposalivation (the objective decrease of the
salivary flow rate) and is associated with subjective symptoms such as oral
burning sensation or modified taste perception, or with an increased
cariogenic risk (Krunić et al., 2013; Mohandoss & Thavarajah, 2019).
Xerostomia alters the quality of life by complicating eating, speaking, or
tasting capacity. The decrease of the salivary flow rate is caused by the
hypofunction of the salivary glands which is associated to a series of
systemic diseases like Sjögren syndrome, or systemic lupus erythematosus, or
can be directly connected to drug administration. Previous studies have
reported more than 500 drugs that have the side effect of xerostomia, or
decreased salivary function (Krunić et al., 2013; Scully, 2003).
On the other hand, the increase in the rate of the salivary flow, or
sialorrhea, occurs especially during the night and is associated with the
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appearance of halitosis and the sensation of drowning or chocking during
sleep (Mohandoss & Thavarajah, 2019; Wolff et al., 2017).
4. Salivary flow in patients with schizophrenia
Studies on the oral health of patients with schizophrenia have shown
that they have more severe pathologies compared to the general population,
and the dental treatments they receive are limited (Velasco-Ortega et al.,
2019).
Schizophrenia associated with its specific medication can alter the
rate of salivary flow (Tani et al., 2012; Velasco-Ortega et al., 2019). The
modification of the quantity of saliva produced is directly influenced by the
type of treatment and the duration of the treatment (Mohandoss &
Thavarajah, 2019). The administration of psychotropic drugs for a long
period can have adverse consequences on the rate of salivary flow, by
decreasing it, due to their adrenergic and anti-alpha-adrenergic effects,
blocking parasympathetic stimulation. At the same time, the reduced saliva
production can be caused by the damage appeared in the ductal and in the
acinar segments of the salivary glands (Tani et al., 2012). In addition, the
treatment of schizophrenia based on antipsychotic medication negatively
affects the patient's immune system, by altering the oral bacterial microflora
(Dickerson et al., 2017). Other side effects of these drugs are the
extrapyramidal symptoms, such as dyskinesia or pseudo-Parkinson's disease,
which may impair the patient's ability to maintain a proper oral health. On
the other hand, the presence of these side effects require the administration
of other drugs (such as antiparkinsonians), intended to reduce these
symptoms, but also with a negative influence on the rate of salivary flow rate
due to their anticholinergic action (Yang et al., 2018). Xerostomy is the main
complaint of patients undergoing treatment with antipsychotic medication,
and for many of them, it is a reason to give up treatment (Đorđević et al.,
2016).
Schizophrenia is a chronic disease, and as a result, treatment is
administered over a very long period of time. The main drugs involved in
reducing salivary flow are first-generation antipsychotics, such as
chlorpromazine, antiparkinsonian or benzodiazepines. To reduce these
uncomfortable side effects, patients tend to consume chewing gums, sweets
or beverages high in carbohydrates, and this greatly increases their cariogenic
risk (Đorđević et al., 2016). Along with the unbalanced diet, another
characteristic of the schizophrenic patient is the high rate of cigarette
smoking (Persson et al., 2009).
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Regarding dental care, the schizophrenic patient rarely visits the
dental office for financial reasons, but also out of fear of dental work and
neglects his oral hygiene due to cognitive impairments (aLupu et al., 2016;
b
Lupu et al., 2016; cLupu et al., 2016; Moś, 2015).
Chlorpromazine is a first-generation antipsychotic drug, also called
typical or traditional, with inhibitory effect on dopamine D2 receptors and
muscarinic cholinoceptors. In a study conducted by Krunić et al., (2013) it
was observed that the level of unstimulated salivary flow suffered a dosedependent reduction from a dose of 25 to 175 mg (Navazesh & Kumar,
2008). Chlorpromazine also has neuroendocrine side effects, such as
menstrual disorders which are in turn associated with decreased estrogen
levels. It has also been shown that estrogen receptors are present in the
salivary glands, which is an explanation for the quantitative variations in
unstimulated saliva in women with changes in estrogen levels. In conclusion,
the reduction of estrogen levels by chlorpromazine also decreases the rate of
unstimulated salivary flow (Krunić et al, 2013; Lupu et al., 2015).
Xerostomia is the most common side effect of medication given in
schizophrenia, probably due to the increased number of scientific studies,
but sialorrhea is also a symptom that the schizophrenic patient encounters,
especially those treated with antipsychotics in the second-generation
(Mohandoss & Thavarajah, 2019; Rosa et al., 2021).
Clozapine is a second-generation antipsychotic, also called atypical,
which acts by an antagonistic effect on alpha-2 adrenergic receptors,
reducing laryngeal peristalsis and decreasing the swallowing reflex. Patients
treated with clozapine accuse sialorrhea of adverse effects (Garcia et al.,
2015).
Normally, in healthy patients, saliva follows a circadian rhythm,
where diurnal salivary secretion is increased and nocturnal salivary secretion
is decreased. In the schizophrenic patient treated with clozapine, this rhythm
is reversed, the nocturnal production being much higher (Praharaj et al.,
2010). A number of studies have reported that sialorrhea occurs
approximately three weeks after the start of clozapine treatment (Praharaj et
al., 2010; Rabinowitz et al., 1996).
5. Conclusion
In conclusion, the rate of salivary flow is altered by the treatment of
patients with schizophrenia. Treatment with first-generation antipsychotic
medication, alone or in combination with antiparkinsonian medication or
benzodiazepines reduces the secretory capacity of the salivary glands.
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Multiple studies have shown that second-generation antipsychotic
medication has the opposite effect, increasing the rate of salivary secretion,
especially at night. Both sialorrhea and xerostomia create a great discomfort
for the schizophrenic patient for whom, in many situations, they tend to give
up treatment.
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