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Abstract 

Aims & background: Pilocarpine is an accepted treatment for xerostomia, but limited research has been conducted 
on the oral, topical form. The present study aimed to compare the effects of 1 and 2% pilocarpine mouthwash on 
xerostomic participants.

Methods: In this double-blind clinical trial study, 48 subjects with xerostomia were randomly divided into three 
groups to measure the effects of 1 and 2% pilocarpine and placebo mouthwashes on saliva levels. The amount of 
saliva in the 1st and 14th days was measured at 0, 45, 60, and 75 mins, while participants used their mouthwash three 
times a day for 14 days. On the 1st and 14th days, they filled out the information forms on xerostomia and the medi-
cine’s side effects before and after the intervention.

Results: On the 1st day, the mean salivary flow at 45, 60, and 75 mins in the 2 and 1% pilocarpine mouthwash were 
significantly higher than in the placebo mouthwash group (p < 0.05). On the 14th day, the mean salivary flow time 
at 45 mins in the 2% pilocarpine mouthwash group was significantly higher than in the placebo mouthwash group 
(p = 0.007). Furthermore, the mean salivary flow at 60 and 75 mins in the 2% (p < 0.001) and 1% pilocarpine mouth-
wash (p = 0.028) was significantly higher than in the placebo group. Moreover, the salivary flow in the 2% pilocarpine 
mouthwash group was significantly higher than the 1% pilocarpine mouthwash (p < 0.05) during these two times. No 
side effects were observed in any of the subjects.

Conclusions: The study showed that 5 ml of 2 and 1% pilocarpine mouthwash for 2 weeks increased salivary flow in 
xerostomic participants compared to placebo without any side effects.
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Introduction
Xerostomia is a subjective complaint of individuals 
accompanied by changes in the quality and quantity 
of saliva. Generally, the sufferers have symptoms that 

impact their health and  the social and emotional ele-
ments of their lives. It can also cause many short-term 
and long-term complications such as tooth caries, burn-
ing mouth sensation, periodontal diseases, dysgeusia, dif-
ficulty using dentures, and fungal infections resulting in 
reduced quality of life [1–5]. In addition, hyposalivation 
is when the unstimulated total salivary flow rate is less 
than 0.01 mL/min during awake hours [6].

Moreover, xerostomia can be caused by radiation 
therapy, medications, systemic conditions, smoking, and 
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aging [2, 7]. It has also been linked to COVID-19 in 45.9% 
of confirmed SARS-CoV-2 patients, with the majority 
(76.5%) reporting their first time [8]. Xerostomia affects 
5 to 39% of the general population and 17 to 40% of com-
munity-dwelling seniors. Between 20 and 70% of insti-
tutionalized elderly had it, with postmenopausal women 
having it the most [9, 10].

Most xerostomia treatments focus on keeping the 
mouth moist [6]. Symptomatic therapies are also used to 
increase salivation, such as sugar-free gum, herbal reme-
dies like ginger, water gargling, and systemic parasympa-
thomimetic agents, including pilocarpine, bethanechol, 
and cevimeline [11–13]. Pilocarpine is a cholinergic 
parasympathomimetic agonist that interacts with the 
muscarinic-M3 receptors and can produce smooth mus-
cle contraction and stimulates salivary glands’ function. It 
is often used as a preventative treatment before starting 
cervical radiotherapy [14, 15].

Pilocarpine has been Food and Drug Administra-
tion (FDA) approved and is administered as a solution 
of 1 mg/ml, eye drops of 1, 2, and 4%, and tablets of 5 
and 7.5 mg. These medicines are used systemically three 
times a day; their maximum dose is 10 mg/ 3 times daily 
[16, 17]. Besides, peak plasma concentrations of pilocar-
pine are attained 75 mins after administration of 5 mg 
tablets. They are primarily removed in the urine, with a 
half-life of roughly 45 mins for 5 mg dosages, depending 
on pilocarpine esterase activity [18, 19].

After oral administration of pilocarpine, some people 
may experience side effects such as tachycardia, sweat-
ing, and flushing, which may explain its confined sys-
temic intake [11, 20–22]. Orally administered pilocarpine 
is contraindicated in individuals with stomach ulcers 
and uncontrolled asthma. Furthermore, the possibility 
of cardiovascular consequences associated with systemic 
delivery is also a consideration [20]. Moreover, pilocar-
pine’s systemic absorption should be minimized to avoid 
quick removal metabolization and optimize the region 
of interest exposure. Therefore, if the beneficial effect of 
the above medicine can be used topically, in increasing 
saliva flow and with fewer side effects, it is very desirable 
to relieve xerostomia [20, 23].

Pereira et  al. claimed that topical use of pilocarpine 
spray of 1.45% did not affect the total amount of stimu-
lated saliva [23]. However, the study by Watanabe et  al. 
stated that pilocarpine oral solution had a rapid effect on 
reducing xerostomia [24]. The Park study also reported 
the effectiveness of both 2% mouthwash and 5 mg pilo-
carpine tablets in relieving dry mouth [25].

Mouthwash on healthy individuals without xerosto-
mia increased salivary flow more effectively than tab-
lets. However, it had a shorter impact due to its effect 
on minor salivary glands. Comparisons between 1 and 

2% pilocarpine on healthy individuals were performed 
in limited studies and reported conflicting results [20]. 
Therefore, the current study evaluated the impact of 1 
and 2% concentrations of pilocarpine mouthwash on vol-
unteers with xerostomia.

Materials & methods
The study was performed as a double-blind, parallel, 
randomized controlled clinical trial on volunteers with 
xerostomia referred to the School of Dentistry of Teh-
ran Islamic Azad University of Medical Sciences in 2020. 
Purpose-based sampling was conducted among male and 
female volunteers aged 18 to 60 who were literate and 
suffering from xerostomia. Xerostomia was diagnosed 
when volunteers responded yes to four questions of the 
Fox questionnaire [26, 27]. The questions were as follows; 
1) “Does the amount of saliva in your mouth seem to be 
too little, too much, or you do not notice it?” 2) “Do you 
have any difficulty swallowing?” 3) “Does your mouth feel 
dry when eating a meal?” 4) “Do you sip liquids to aid in 
swallowing dry food?” They were also asked about their 
problem’s severity regarding each question according 
to VAS (visual analog scale) from 1 to 10 and then con-
verted to 0.1–1.

In addition, the exclusion criteria of the sampling 
included: 1) present pregnancy or lactation, 2) presence 
of an oral lesion, 3) infection or burning mouth, 4) use 
of prosthetic dentures, 5) history of previous contact der-
matitis or allergic reaction caused by pilocarpine, con-
nective tissue or systemic diseases affecting salivary gland 
function like Sjögren’s syndrome, Rheumatoid arthritis, 
systemic lupus erythematosus, progressive systemic scle-
rosis (PSS), 6) history of head and neck radiotherapy, 7) 
acquired immunodeficiency syndrome (AIDS), 8) hepati-
tis B or C, 9) hypertension (above 140/90 mmHg), cardiac 
or renal diseases, 10) Parkinson’s disease, 11) asthma, 
12) chronic obstructive pulmonary disease (COPD), 13) 
glaucoma, 14) chemical or herbal medication and salivary 
enhancers intake, and 15) alcohol and tobacco products 
except for cigarettes [20, 25].

The present study’s protocol followed the Declaration 
of Helsinki. The ethics committee of the Islamic Azad 
University Faculty of Dentistry, Tehran, Iran (IR.IAU.
DENTAL.REC.1399.282) also approved it on 03/03/2021, 
and it was subscribed to the Iranian registry of clinical 
trials (IRCT20210208050302N1). After explaining the 
steps to the volunteers, all eligible volunteers were asked 
to complete and sign the informed consent form to par-
ticipate in the study. The participants were then asked to 
fill carefully in the demographic information form and 
the standard xerostomia questionnaire [27] to determine 
the individual’s initial xerostomia severity [26, 27].
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Additionally, using PASS 15 software considering 
β = 0.2, α = 0.05, and a standard deviation of 0.85 to 
achieve the effect size of 0.52, the minimum sample size 
for each group was 16 [24]. The recruitment of volunteers 
took place from April 2021 to October 2021. After that, 
the 48 individuals were divided in a 1:1:1 ratio into three 
groups of 16 by simple randomization by Arezoo Alaee. 
The groups were almost homogeneous regarding age, 
gender, smoking, systemic disease, and educational status 
[20, 24].

As demonstrated in the CONSORT flow diagram 
(Fig.  1), three types of medicinal intervention were 
administered:

1) Group A: 2% pilocarpine mouthwash, three times a 
day,

2) Group B: 1% pilocarpine mouthwash, three times a 
day, and

3) Group C: Placebo mouthwash, three times a day.

Since pilocarpine 2 and 1% mouthwash was not availa-
ble in the Iranian pharmaceutical market, it was prepared 

in the laboratory of the Pharmaceutical Sciences Research 
Center of the Faculty of Pharmacy, the Islamic Azad Uni-
versity of Medical Sciences, Tehran, Iran. The 4% pilo-
carpine eye drops (Glaupin® 4%, Sina Darou, Iran) were 
diluted with Vi-one junior mouthwash (Rojin Cosmetic, 
Iran) to prepare 2% pilocarpine mouthwash and improve 
the taste and acceptance of participants. Vi-one junior 
mouthwash is a flavored, alcohol-free product specially 
designed for kids that contains harmless sweeteners, 
disodium phosphate agents, 0.05% sodium fluoride, and 
0.05% cetylpyridinium chloride [28]. Moreover, the 2% 
pilocarpine mouthwash was diluted with water to make 
1% pilocarpine mouthwash. Furthermore, Vi-One jun-
ior mouthwash (Rojin Cosmetic, Iran) was diluted with 
water to create a similar taste and color as other mouth-
washes for the placebo group.

It is worth noting that the pharmacologist author of the 
current study (Hoda Jahandar) coded the three types of 
mouthwashes and packaged them like each other. Hence, 
the participants and the researchers were unaware of the 
medicines in the package. Besides, high-performance liq-
uid chromatography (HPLC) was utilized (SCL-10AVP, 

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) diagram of participants’ flow
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Shimadzu, Japan) to evaluate the stability of this product 
during the study period (14 days). It was considered that 
maintaining at least 90% of the area below the pilocar-
pine curve relative to day zero indicates product stability.

In addition, blood pressure (mmHg) and pulse rate 
(pulse per second) were recorded on the 1st and 14th 
day before and 75 mins after medicine application by a 
hand-held sphygmomanometer (KaWe, Germany). The 
participants’ weights were also measured with mini-
mum clothing and without shoes with a ± 0.5 kg accu-
racy. A participant stood next to the wall without shoes, 
legs paired to each other, head leaning against the wall, 
to determine their height. Furthermore, body mass index 
(BMI) was obtained by dividing body weight (kg) by the 
square of a person’s height  (m2) [16].

On the 1st day, the amount of unstimulated saliva was 
measured before mouthwash administration and 45, 60, 
and 75 mins after gargling the mouthwash for all three 
groups. The unstimulated saliva was measured by absorp-
tion or swab-based technique for participants before 
intervention. Additionally, the participants were asked to 
avoid eating, drinking, smoking, and brushing their teeth 
for at least 2 hrs before accurately measuring the amount 
of non-stimulated saliva. After rinsing their mouth with 
15 ml of distilled water, the participants rested in a room 
with adequate comfort and ventilation for one min and 
sat upright on a dental chair.

Afterward, the volunteers in all three groups were 
asked to gently gargle 5 ml of their mouthwash solu-
tion for 1 min without swallowing the contents and then 
drain it completely. Then, observing the complete princi-
ples of sterilization and wearing a mask and face shield, 
the researcher (Babak Motamed) placed the previously 
weighed dry cotton roll (1 × 4  cm2) in the participant’s 
mouth. After 1 min, the researcher removed the wet cot-
ton roll with dental pliers, placed it in a coded bag, and 
sent it to the laboratory for further weighing using a digi-
tal scale with ±0.01 g accuracy.

Saliva content (cc or gr/ml) = wet cotton roll weight - 
dry cotton roll weight.

All salivary measurements were carried out between 9 
and 11 AM [29] as saliva secretion may fluctuate during 
the day. Saliva samples were kept at 4 °C to prevent fur-
ther changes. The participants’ medication-related side 
effects were recorded on the first day using an 11-item 
questionnaire based on the VAS (visual analog scales) 
before the study [24, 30]. These 11 side-effects were 1) 
visual difficulties or blurred vision, 2) tremors, 3) indi-
gestion and heartburn, 4) diaphoresis, 5) tachycardia, 6) 
anxiety, 7) headache, 8) hot flashes, 9) epiphora, 10) sial-
orrhea and 11) urinary frequency. The xerostomia ques-
tionnaire was also filled  out again on the 14th day for 
all three groups of participants. Furthermore, saliva was 
measured on the 14th day at 0, 45, 60, and 75 mins. On 
the 14th day, possible side effects of the volunteers based 
on VAS were also recorded at 0 and 75 mins.

Besides, during these 14 days, the participants had con-
stant contact with the researchers through phone calls 
to find answers to their questions or possible problems. 
The participants were also barred from taking medicines 
that relieve dry mouth or increase saliva. However, water 
intake, chewing gum, and topical local anesthesia agents 
were unimpeded.

Statistical analysis
SPSS software version 26 was used for data analysis. 
Moreover, Kolmogorov–Smirnov test was used to deter-
mine the normality of the data. Chi-square, one-way 
ANOVA, repeated-measures ANOVA, Tukey, and Inde-
pendent Samples T-Test were also employed to analyze 
the data. In addition, values less than 0.05 were consid-
ered statistically significant.

Results
As shown in Table 1, there was no significant difference 
between the studied groups in gender, mean age, height, 
weight, and the number of cigarettes smoked per day.

The HPLC results revealed that the sample level below 
the graph and the symmetry of the peaks in the samples 
containing pilocarpine 1 and 2% during the study did not 

Table 1 Demographic characteristics of the studied subjects

Characteristic Mouthwashes Total P- value

2% pilocarpine 
mouthwash

1% pilocarpine 
mouthwash

Placebo mouthwash

Gender (male) 7 (43.8%) 8 (50%) 7 (43.8%) 22 (45.8%) 0.92

Age (year) 48.00 ± 8.29 49.94 ± 6.68 47.63 ± 8.27 47.63 ± 8.27 0.669

Height (cm) 170.38 ± 8.65 168.06 ± 10.03 169.25 ± 9.83 169.25 ± 9.83 0.791

Weight (kg) 70.81 ± 7.94 72.06 ± 9.42 69.81 ± 12.46 69.81 ± 12.46 0.821

Cigarettes per day 10.19 ± 9.07 8.13 ± 10.15 10.94 ± 10.68 10.94 ± 10.68 0.714
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change significantly. Moreover, they were in the 90 to 110 
range compared to the level below the first day’s graph. 
Therefore, this product was stable during the study 
period.

The salivary flow
No subject was lost to follow-up during the study. 
Besides, the salivary flow of the three groups and the 
pairwise comparison of salivary flow before and after the 
intervention at different times is presented in Table 2. On 
the 1st and 14th days, the mean salivary flow in the 2 and 
1% pilocarpine mouthwash groups significantly increased 
from 0 mins to 75 mins (p < 0.05), while the mean salivary 
flow in the placebo group did not change significantly 
during the same time (p > 0.05). Furthermore, the mean 
salivary flow was not significantly different between the 
1st and the 14th day at 0, 45, 60, and 75 mins in all of the 
three groups (p > 0.05).

Moreover, Table  3 compares the xerostomia severity 
before and after the intervention based on VAS 4-ques-
tion xerostomia questionnaire results. No significant dif-
ferences were found in individuals statements before and 
after treatment.

Side effects
Based on the side effects questionnaire, there was no sig-
nificant difference between different groups and at dif-
ferent times (p > 0.05). On the 1st and the 14th day, the 
mean pulse, systolic, and diastolic blood pressure of the 
participating volunteers at 0 mins and 75 mins were not 
significantly different between the three groups (p > 0.05). 
Moreover, the mean pulse of the participating subjects 
at 0 mins and 75 mins was not significantly different 
between the three groups (p > 0.05).

In addition, none of the participants were found to have 
chewing problems, swallowing problems, taste problems, 
speech problems, and a burning sensation in the mouth. 

Furthermore, the participants did not report any of the 
11 side effects included in the side-effects questionnaire.

Discussion
The present study showed that pilocarpine mouthwash 
significantly increased the salivary flow in xerostomic 
participants (aged 18–60) at 45, 60, and 75 mins. More-
over, the highest mean salivary flow rate was observed 
in the  2% pilocarpine mouthwash and 1% pilocarpine 
mouthwash groups, respectively. It should be noted that 
systemic intake of pilocarpine tablets has side effects 
such as sweating, flushing, and increased frequency of 
urination; thus, there are limitations to its use [17, 20]. 
Therefore, the mouthwash form was evaluated consider-
ing these side effects.

In the present study, topical application of pilocar-
pine mouthwash in the highest concentration (2%) did 
not cause a burning sensation in the mouth, increase in 
blood pressure or pulse rate, nor caused chewing, swal-
lowing, speeching, or taste problems in any of the stud-
ied groups. In addition, in none of the studied groups, 
possible medical side effects were observed compared 
to the placebo group. The study populations’ responses 
to the side-effect questionnaire and the recorded heart 
rates and blood pressures indicated insignificant sys-
temic absorption of pilocarpine. It is believed that the 

Table 2 Salivary flow (mean ± SD) before and after the intervention at different times

*Statistically significant; asignificant difference with placebo; b significant difference between pilocarpine mouthwashes;

Assessment time Time (mins) Salivary Flow (ml/min) P value

2% pilocarpine 
mouthwash

1% pilocarpine 
mouthwash

Placebo mouthwash

1st day 0 0.33 ± 0.10 0.33 ± 0.10 0.33 ± 0.10 1.00
45 0.57 ± 0.26a 0.58 ± 0.22a 0.33 ± 0.09 < 0.01*
60 0.76 ± 0.28a,b 0.57 ± 0.19a,b 0.35 ± 0.08 < 0.01*
75 0.72  ± 0.26a,b 0.51 ± 0.15a,b 0.33 ± 0.09 < 0.01*

14th day 0 0.35 ± 0.10 0.34 ± 0.08 0.34 ± 0.09 0.93
45 0.64 ± 0.25a 0.56 ± 0.30 0.37 ± 0.14 < 0.01*
60 0.81 ± 0.21a,b 0.54 ± 0.26a,b 0.35 ± 0.12 < 0.01*
75 0.73 ± 0.21a,b 0.50 ± 0.23b 0.38 ± 0.18 < 0.01*

Table 3 Comparison of xerostomia before and after the 
intervention based on xerostomia questionnaire score according 
to visual analogue scale (mean ± SD)

Intervention 1st day 14th day P value

2% pilocarpine mouthwash 2.83 ± 1.60 1.84 ± 1.47 0.08
1% pilocarpine mouthwash 2.91 ± 1.16 2.34  ± 0.97 0.15
Placebo mouthwash 3.09 ± 1.34 2.85 ± 1.12 0.58
P value 0.85 0.07
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slow absorption of the local solution may be associated 
with its rare side effects [25]. However, note that some 
side effects are commonly reported after chronic use 
of oral pilocarpine and are dose-dependent. Frequent 
long-term use of topical pilocarpine may cause side 
effects [17].

No significant differences were found in volunteers’ 
statements before and after treatment. Because the rever-
sal of the atrophic and dry changes due to lack of saliva 
does not occur immediately after pilocarpine administra-
tion, several weeks must elapse before symptomatic relief 
becomes apparent [20].

Topical and systemic pilocarpine effects on salivation 
have been reported in individuals with hyposalivation 
[23]. Recently, a non-placebo-controlled clinical trial 
pilot study was conducted on ten xerostomic subjects 
who were prescribed to take either low-dose pilocarpine 
(3 × 2 mg/day) or high-dose pilocarpine (3 × 5 mg/day). 
After a week, all high-dose and 57% of low-dose par-
ticipants reported relief from xerostomia. However, the 
difference between the two groups was not statistically 
significant [31]. Additionally, Park et  al. [25] found that 
2% pilocarpine mouthwash had the same effect on saliva 
flow as 5 mg pilocarpine tablets when administered sys-
temically to 12 healthy individuals. Consequently, saliva 
flow increased significantly using pilocarpine tablets and 
pilocarpine solution. Though the dose of pilocarpine 
mouthwash used in these studies differed from that of the 
current study, the findings were similar.

Topical pilocarpine mouthwashes have several advan-
tages, including prolonged contact with the site of action 
and the mechanical stimulation of salivary glands result-
ing in mucin production, which has an essential role in 
symptom salvation [25, 32]. The mechanisms by which 
pilocarpine affects salivary flow include local and direct 
cellular stimulation. The parasympathetic effect of pilo-
carpine causes the flow of water and electrolytes in saliva 
[20, 33]. Moreover, when using a therapeutic mouthwash, 
the subject should be instructed to gargle robustly to 
make the most of mechanical stimulation of the salivary 
glands [34].

Previous studies have examined the effects of pilocar-
pine mouthwash at concentrations ranging from 0.01 to 
4% and have indicated that the effect increases with con-
centration [1, 17, 23, 25, 34]. Bernardi’s study examined 
the effects of 0.5, 1, and 2% pilocarpine mouthwashes 
in healthy volunteers and showed a dose-dependent 
increase in whole unstimulated saliva [20]. However, 
the sample size was small, and the long-term effect was 
not assessed. Previous studies have shown that pilocar-
pine solutions at concentrations less than 1% cannot 
significantly increase salivary flow but can improve sub-
jective symptoms of dry mouth [25]. However, lower 

concentrations may be helpful in xerostomic subjects 
without a considerable decrease in salivary secretion [25].

The current study’s findings contrasted with Pereira 
et  al. [23], who applied 1.5% pilocarpine spray topically 
for 3 months, rested for 1 month, and then reapplied 
placebo spray for 3 months. The total amount of stimu-
lated saliva was not significantly different between pilo-
carpine spray and placebo in 40 head and neck cancer 
patients. However, a slight increase in salivary flow was 
observed in individuals after the second month, which 
the researchers attributed to the subject’s unique profiles. 
These findings differed from the present study for the dif-
ferences in the study population and how pilocarpine was 
used.

Pilocarpine may have different effects on xerostomia 
caused by different etiologies. We considered salivary 
gland secretory reserve capacity to be more critical than 
etiology in assessing the response to pilocarpine mouth-
wash, as previously mentioned by Kim et al. [34] Various 
studies have had different approaches in subject recruit-
ment, which may affect their outcomes. The study popu-
lations of Song et al. and Park et al. were healthy subjects 
[17, 25], whereas Pereira et  al. and Nikles et  al. studies 
were conducted on head & neck cancer patients with less 
remaining functional salivary gland tissue [23, 33]. The 
positive effects of pilocarpine mouthwash in young, rel-
atively healthy volunteers obtained in this study cannot 
guarantee the same results in individuals with severe dry 
mouths as a consequence of systemic diseases [17].

Xerostomia usually occurs in elderly subjects with 
one or more systemic diseases. Hence, polypharmacy in 
these individuals may limit systemic intake of pilocarpine 
due to possible drug interactions [25]. The wide range of 
exclusion criteria of our study excluded volunteers with 
underlying systemic diseases and limited the xerosto-
mia etiology in our study population to smoking, exces-
sive caffeine or spicy food intake, and mental stress [35]. 
Future studies are encouraged to conduct trials on popu-
lations with xerostomia because of systemic diseases.

Different methods are used to measure salivary flow, 
making it difficult to standardize results. We used a swab-
based technique to measure unstimulated saliva, while 
Kim et  al. [34] used two methods for collecting saliva: 
non-stimulatory spitting collected the whole saliva, and a 
sialopaper strip collected the salivary glands’ saliva.

The latency time of increased salivation when pilo-
carpine is administered orally is 15 mins, with a maxi-
mum of 60 mins [17, 20]. It is impossible to compare the 
latency of saliva secretion after oral administration with 
topical administration of pilocarpine. However, it is clear 
that after topical administration, the maximum effect 
should have occurred earlier than 1 hr. and be stable for 
at least 75 mins. The current study observed the salivary 
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flow increase 45 mins after using the mouthwash, which 
persisted for 75 mins. This finding was consistent with 
Bernardi et al. [20] and Song et al. [17]

Unfortunately, to this date, Pilocarpine mouthwashes 
and tablets are not available in the Iranian pharmaceu-
tical market for xerostomia patients seeking treatment. 
Apart from artificial saliva, patients’ medications are just 
limited to the use of pilocarpine eye drops as treatment, 
which the bitter taste shrinks patients’ cooperation. Since 
pilocarpine mouthwash has a bitter taste, we used fla-
vored mouthwash as the diluent solution for the placebo 
control instead of distilled water, as it may mask the bit-
ter taste. We believe that this simple formulation of 1 and 
2% pilocarpine mouthwashes will have promising effects 
on xerostomia symptom alleviation in Iran and other 
countries with similar shortage.

In addition, the first limitation of the present study was 
that the results cannot be applied to a wide range of sub-
jects due to the limited subject conditions in this study. 
Other limitations included a lack of volunteers due to 
the coronavirus outbreak, difficulty preparing pilocar-
pine drops in the pharmaceutical market, and struggle 
following study subjects. Despite the high prevalence of 
xerostomia, gatekeeping by relatives and friends posed 
challenges during sample recruitment, as Theunissen 
et al. [31] previously stated.

Conclusions
The current clinical study showed that using 5 ml of 
pilocarpine 2 and 1% mouthwash for 2 weeks increased 
salivary flow in xerostomic subjects compared to pla-
cebo without any side effects. This increase was also 
concentration-dependent as the impact of 2% pilocarpine 
mouthwash was more than 1% mouthwash.
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