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INTRODUCTION
In dental practice saliva, although a natural protective barrier in 
the oral environment, poses a huge deterrent at the altar of most of 
the dental procedures which demand complete isolation. Paedi-
atric dentistry is no exception where children often because of 
limited maturity to follow instructions, make it difficult for us as 
clinicians to ensure a dry and clean area of operation. The newer 
methods of both direct and indirect isolation lead to additional 
discomfort and anxiety in the children leading to an already fear-
ful patient to become uncooperative. With the recent advent of 
multiple diseases citing saliva and oral secretions as the portal of 
transmission, including the recent pandemic of COVID-19, it be-
comes even more important to decrease the amount of saliva we 
encounter whilst performing routine dental procedures.
 Atropine is a white crystalline alkaloid extracted from roots 
and leaves of dianqiecao (Belladonnae Herba) and mantuoluo 
(Mandala). It is a blocker of typical M-choline receptor. As per 
the current understanding, stimulation of muscarinic subtype 3 
receptors (M3) is responsible for salivation (Sapkos SW, 1984). It 
is primarily mediated by parasympathetic innervation of the sali-
vary glands. Acetylcholine is the active neurotransmitter, binding 
at muscarinic receptors at the salivary glands. Thus, cholinergic 
muscarinic receptor antagonists such as atropine are well estab-
lished to treat glandular hypersecretion (Joseph MC and Vale RJ, 
1960; Mushin WW, et al., 1953).
Sublingual delivery of atropine sulphate has numerous advantages 
namely ease of delivery and ready absorption by the mucosal 
membrane. It does not require any special skill for use is inexpen-
sive and is reversible in nature (Mushin WW, et al., 1953). Also, 

in the absence of invasive techniques like syringes or additional 
armamentarium, it is acceptable by children of all ages and intel-
lectual range.
The published body of work on the use of sublingual atropine 
drops as an antisialogogue in children and its subsequent applica-
tion in dentistry is a little researched territory.  
• The primary aim of this study was to evaluate the reduction in 
salivary secretion post administration of atropine sulphate drops 
locally on the muscarinic receptors on the salivary glands. 
• Secondary aim was to estimate the effective dosage and duration 
of efficacy of the said medication in intraoral practice. 
• Additionally, the present study endeavored to determine if the 
use of atropine drops intraorally, is a viable adjunct to the estab-
lished dental isolation and salivary control methods.

MATERIALS AND METHODS
The present study was undertaken as a prospective, parallel group, 
randomized placebo-controlled, open label trial conducted as a 
single centre study. For the present trial, the recruitment span and 
duration of the trial was 30/05/2020 to 17/08/2020. No changes 
were made in the methods after trial commencement. The present 
study only enrolled healthy human volunteers who satisfied the 
following-

Inclusion criteria
• Children between ages of 7-17 years
• Children belonging to group 1-2 (Healthy or minor disease) 
according to the ASA (American society of Anaesthesiologists) 

ABSTRACT
Objective: Salivation is a double-edged sword. It is 
desired for its protective function to the oral struc-
tures but undesirable due to the need for isolation 
during dental procedures. Atropine sulphate drops 
are known to decrease salivary secretion due to their 
muscarinic antagonistic activity. The present study 
was undertaken to quantitatively assess decrease in 
salivary secretion in children post administration of 
atropine sulphate drops sublingually, during routine 
dental procedures.

Methods: A total of sixty children between the ages 
of 7-17 years were divided into two groups. Case 
group was given atropine sulphate drops sublingual-
ly in a dose dependent manner and control group re-
ceived distilled water in a similarly calculated dose. 
The stimulated and unstimulated salivary flow rate 
was quantitatively assessed at three-time intervals (0 
min, 60 min and 90 mins) along with the heart rate 
and blood pressures.

Results: It was found that the unstimulated salivary 
flow rates in case group dropped by 80.3% and stim-
ulated flow rates reduced by 79.4% in 90 minutes. 
The study also showed that time of onset of action 

was within 60 minutes and effect lasted beyond 90 
minutes.

Conclusion: The present study translated into proving 
that the dose administered was adequate to elicit the 
antisialogogue effect via chosen route in children and 
the duration of effect was adequate for routine dental 
procedures.

Clinical relevance: The duration of effect of atropine 
drops, the route of administration, and reversibility of 
effect in children can be interpreted as adopting the 
said drug as an adjunct to conventional saliva control 
measures.

Trial registration: The present study bearing CTRI 
number-CTRI/2020/05/025447 was registered with 
the Clinical Trial Registry-India under ICMR-Nation-
al Institute of Medical Statistics on 29/05/2020 pro-
spectively. 
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physical status classification system.
• Children with normal salivary flow above baseline

Exclusion criteria
• Children with oral mucosal lesions
• Children undergoing or history of chemotherapy or radiotherapy.
• Children on medications due to underlying systemic conditions.
• Known cases of congenital or cardiac conditions.
• Children with known allergy to atropine
According to power analysis, the sample size was calculated to be 30 for 
each group i.e., cases and controls at confidence level of 95%. A total of 
60 patients satisfying the inclusion criteria were enrolled into the study. 
Thereafter, computer randomizations were used to allocate the participants 
into two groups indiscriminately. The primary researcher enrolled the pa-
tient and generated the random allocation sequence, and the secondary 
researcher assigned the participants to interventions. The intervention 
and recording of data were done by primary researcher. The participants 
were blinded regarding the kind of intervention they received so as to rule 
out bias. The intent-to treat principle was included in the written consent 
forms and explained to the parents and caregivers before starting the trial. 
• Before the start of the study a complete demographic, dental and medical 
history was recorded of the patient.
• At commencement, patient’s heart rate was recorded using a portable 
heart rate monitor (uniformly the left index finger was used at random).
• Blood pressure was checked and noted using digital blood pressure mon-
itor to establish baseline (left arm was cuffed, with a paediatric sized cuff, 
commercially available).
Atropine sulphate 1% w/v drops (available commercially-Jawa Pharma-
ceuticals (India) Pvt. Ltd) as per the pre-set dosage of 0.01 mg/kg of body 
weight was given to the case group whereas, placebo group received drops 
of distilled water in equal proportions sublingually. The patients were 
asked to open their mouths and touch the tip of the tongue to the palate 
and then the drops were placed sublingually using a Pasteur’s pipette. The 
patient was asked to not swallow for 1 minute and collect saliva. After one 
minute patient was allowed to swallow.

Collection of unstimulated whole saliva
Patient was asked to swallow once and void the mouth of collected saliva. 
Then requested to lean their head forward with mouth positioned over the 
neck of calibrated test tube passively drooling all the pooled saliva in the 
test tube for a period of one minute. This level was marked and noted. For 
the purpose of the present study, unstimulated flow rate of 0.3 ml/min was 
taken as the baseline for normal function.

Collection of stimulated whole saliva
Patient was given an unflavoured paraffin wax block to chew till soft (for a 
period of 30 seconds) after which patient was asked to spit the entire saliva 
collected in their mouth into the tube without swallowing. This level was 
marked and recorded. For this study, the Stimulated flow rate accepted was 
a minimum of 0.2 ml/min.
This procedure of collecting stimulated and unstimulated saliva was re-
peated in the same order at three intervals-0 minutes, 60 minutes and 90 
minutes. In the end a total of six samples were collected per patient. The 
recording of salivary flow at 3 intervals was to quantitatively assess the vari-
ation in salivary flow over the 90 minutes-this was in accordance with the 
primary aim of the study.
Following this, the drug or placebo was administered to the participants. 
To maintain participant blind, both drug and placebo was dispensed in 

identical clear unmarked test tubes. The intervention was then made in 
front of patient using Pasteur’s pipette to ensure exact dosing. After the 
administration of the drops, patients were taken up for the required dental 
procedure as planned. Salivary flow rate was checked once more after 60 
and 90 minutes. The heart rate and blood pressure were also checked and 
noted at this time. 
At the end of the study, recorded results were tabulated and statistically 
analyzed using the SPSS-21 software. The intergroup analysis was done 
using student t-test and intragroup comparisons done with one-way 
ANOVA testing.

RESULTS
The present study included a total of 60 children, with 30 boys and 30 girls 
across both groups who all received the elective dental treatment they had 
reported to the dental clinic for, irrespective of the study group they were 
assigned. 
The stimulated and unstimulated salivary flow rates of the participants and 
the disparity gender wise over various time intervals is charted in the Fig-
ure 1.

The average age of the participants of the present study was 11.3 years. 
Once tabulated it was seen that the Unstimulated Saliva Flow (USFR) at 60 
minutes after administration of atropine was statistically significant to the 
age of the child (r=0.40). It was found that it is the Stimulated Saliva Flow 
Rate (SSFR) at t0 (start of the study) seemed to have statistically signifi-
cant relation with the age of the patient (r=0.34) at 95% confidence inter-
val (Table 1). The average weight of the patients included in the study was 
40.9 kg ranging from 14.3 kg to 99 kg. When the USFR was analyzed with 
respect to the case group it was seen that weight of the participant was sig-
nificant statistically in the t90 time interval (r=0.44) whereas in the control 
group weight strongly associated with the USFR at all the time intervals at 
95% confidence interval (Table 2). On analyzing the average salivary flow 
rate (Figure 2) in the participants who received atropine, and applying one 
way ANOVA test, to the compare USFR at various time intervals (t0, t60 and 
t90) it was seen that the F value was extremely high (F=25.22) depicting a 
varied value among the group and was statistically significant. The same 
was true when one way ANOVA was applied on SSFR after atropine ad-
ministration where the mean square value was high at 7.23 and the F value 
was 26.95. On plotting the graph of mean unstimulated salivary flow rate 
and stimulated salivary flow rate in the two groups and comparing them, 
the stark difference in salivation reduction can be appreciated (Figure 3). 
The effect of atropine sulphate administered sublingually was studied on 
the participant’s blood pressure and heart rate at various time intervals and 
was found to produce an increase in diastolic BP at 60-minute post ad-
ministration. Also, there was seen to be a decrease in the heart rate of the 
participants who received atropine at 60-minute interval (Figure 4).

rates of the participants (n=60) and the gender wise variations over 
various time intervals in two study grous
Note: ( ) 
Salivary flow rate in ml/min (Mean ± SD) female n=30

Figure 1: 
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Figure 2: The graph showing the mean unstimulated and simulated salivary flow rate in all the participants who received atropine (n=30) over a 
90 minute interval
Note: ( ) unstimulated salivary flow rate, ( )stimulated salivary flow rate

Figure 3: The graph showing the mean stimulated and unsimulated salivary flow rates at three time intervals as compared between cases (n=30) 
and control groups (n=30)
Note: ( ) no.of cases, ( )no.of control groups

Figure 4: Graph depicting the alteration in blood pressure and heart rate in the participants in case group (n=30) as recorded at three intervals

Table 1: Depicting the correlation of the age of the participants and their stimulated and unstimulated salivary flow over a period of three time inter-
vals

Unstimulated saliva flow rate (ml/min) Stimulated saliva flow rate (ml/min)
Time 0 min 60 min 90 min 0 min 60 min 90 min

controls (n=30) 0.26 0.2 0.18 0.37* 0.11 0.13
Cases (n=30) 0.26 0.40* -0.05 0.28 0.34 0.28

Note: *=statistically significant

Table 2: Tabulated correlation of the weight of the participants and the stimulated and unstimulated salivary flow rate over three time intervals

Unstimulated saliva flow rate (ml/min) Stimulated saliva flow rate (ml/min)
Time 0 min 60 min 90 min 0 min 60 min 90 min

Cases (n=30) 0.24 0.25 0.44* 0.27 0.19 0.29
Control (n=30) 0.48* 0.51* 0.1 0.41* 0.44* 0.44*

Note: *=statistically significant
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Percival RS, et al., 1994 who concluded that at various age groups, females 
had lower mean salivary flow rates than males. A possible explanation for 
the gender disparity has been proposed by associating salivary gland size 
with secretory capacity (Leonor SP, et al., 2009). In the present study, at 
the subsequent readings at various time intervals, no difference was seen 
based on gender while computing the saliva quantitatively. Hence, atropine 
exerted similar antisialogogue effect on both girls and boys and showed no 
gender predilection on its pharmacokinetics. 

Decrease in salivation after atropine
It has long been proven that salivary secretion is extremely sensitive to 
inhibition by antimuscarinic agents (Goodman LS, 1996). In the current 
study it was recorded to have a stark drop in both USFR and SSFR over 
a period of 90 minutes after administration of atropine drops (Figure 2). 
The unstimulated salivary flow rates in the children receiving atropine sul-
phate dropped by 80.3% in 90 minutes whereas stimulated salivary flow 
rate decreased by 79.4%. This seemed to echo the findings by Volz-Zang 
C, et al., 1995 who reported the decline of 84.3% salivation after oral atro-
pine administration in their subjects. This also substantiates the already 
established fact of the antisialogogue activity of the drug as demonstrated 
by Bowman WC and Rand MJ, 1980 and Iliopoulou A, et al., 1981 at the 
dosage and route chosen (Rapoport A, 2010; Norderyd J, et al., 2017) with-
in a span of 90 minutes.

Comparing the effectiveness of atropine drops on salivation be-
tween the two study groups
Quantitative analysis: In our study, the USFR saw significant correlation 
between the two study groups at 90 minutes interval. This difference was 
highly statistically significant, which goes on to show that atropine pro-
duced maximum quantitative effect on salivation at the interval of 90 
minutes (Figure 3). When analyzing the SSFR in the study group, it was 
seen that the cases and control groups showed statistically significant cor-
relation across all three time intervals. This finding of the steep decline of 
the SSFR in all the children who received atropine signifies the anticholin-
ergic action of atropine that inhibits the action of M3 receptors causing 
the salivary gland hypofunction (Kubota C, et al., 2017). When given the 
same dose as the present study, administered sublingually using insulin in-
jectors, authors achieved similar results in children of 3-78 months of age 
(Azapağası E, et al., 2020).
Time interval: The findings of the current study go on to show that the 
salivary flow rates progressively regress over the period of 90 minutes when 
final readings were taken. The USFR declined from 0.95 ml/min at start to 
a mere 0.19 ml/min at the end of 90 minutes. This shows that although 
the action of atropine starts to take effect before one hour, the peak action 
is evidenced only after 90 minutes. A similar decline could be viewed for 
SSFR where the reduction in salivary flow was drastic at 90 minutes at 
0.25 ml/min from 1.23 ml/min at the start (Figure 3). The present findings 
seem to echo that of Mirakhur RK, 1978, where oral atropine produced 
significant oral mucosal dryness at 90 minutes. This could be explained as 
the peak serum concentration of AS when given the same oral dose as the 
present study, has been documented at 2 hours (6.7 nmol/l) that decreased 
the salivation until this time in children with a mean age of 5.1 years (Saar-
nivaara L, et al., 1985). Kazen DH and Dille JM, 1963 concluded a similar 
90-minute period for maximum effect of AS when given orally, which then 
persisted for another two and a half hours.
As per the present study design, the time of observation was found to be 
inadequate to chart the reversal of the salivary flow in the participants. The 
only conclusion that could be drawn from the present study was that the 
antimuscarinic effect of atropine persists even after 90 minutes of the drug. 
This is a substantiated claim by Brion N, et al., 1988, according to whom 
saliva volume did not revert up until 7 hrs of 1 mg atropine tablet. 

DISCUSSION
The successful management of saliva and a good isolated operating area is 
a pre-requisite for majority of modern intraoral procedures. The challenge 
is amplified in paediatric practice due to limitations of communication and 
often comprehension from young patients. Herewith, the present study 
which was aimed to assess the use of sublingual atropine drops in children 
to decrease their salivary flow reversibly and assist the dental procedure 
requiring saliva control, shows promising results. 
The use of ophthalmic eye drops with 1% w/v atropine sulphate, which is 
a commercially available over-the-counter drug, was done based on previ-
ously published works, most of which have demonstrated the effectiveness 
and success of this solution. Hyson HC, et al., 2002 reported the use of 
ophthalmic atropine drops in a brief report justifying the usage due to its 
ready availability, low cost, and no requirement of specialized skill while its 
administration. A similar argument was made in the favour by Meningaud 
JP, et al., 2006 stating its reversible effect as an added benefit. Other studies 
like the ones performed by Sockalingam S, et al., 2007, Rapoport A, 2010, 
Mustafa FA, et al., 2013, Norderyd J, et al., 2017 have also used the same 
rationale for administering atropine via ophthalmic drops. 
The route of administration of drug in the present study was sublingual. 
This was chosen to avoid unnecessary invasive procedures and to elimin-
ate the first pass metabolism of drug unavoidable via the oral route. This 
guarantees that the drug enters the circulation faster than intramuscular or 
oral routes and potentiates higher absorption due to increased perfusion 
(Rajpal S, et al., 2010). Also, this route has been the most used in relation 
with ophthalmic atropine drops in previous studies where their safety has 
been established, including in the paediatric population (Nuhoglu Y, et al., 
2007; Penagos M, et al., 2008).

Correlation of atropine sulphate and age and weight of the 
participant
It has previously been demonstrated by Rashid MU and Bateman DN, 
1990 that age affects the salivary response to atropine. The results of the 
present study show that the average unstimulated salivary flow rate of the 
participants of the study (n=60) aged 7-18 was 0.84 ml/min at baseline. 
This is within range and comparable to previous works done on the subject 
by Forcella L, et al., 2018, where the mean USFR was found to be 0.76 ml/
min and other researchers all of whom have reported similar unstimulat-
ed flow rates in their studies in similar age groups (Gutman D and Aryeh 
HB, 1974; Rotteveel LJC, et al., 2004; Psoter WJ,et al., 2008; Moreira AR, 
et al., 2009). It was shown in the present study that the atropine case group 
showed significant correlation to the ages of the participants at 60-minutes 
(Table 1).
It has been recommended by the American Academy of Paediatrics 
(AAP), since 1950 that calculation of atropine dosage be made based on 
body weight (Unna KR, et al., 1950). The dose range of atropine in the 
present study ranged from 0.14 mg-0.99 mg. In the current study it was 
seen that salivary flow rate was statistically correlated to the weight of the 
child in the control group (Table 2). Body weight is a known factor affect-
ing the salivary flow rate, especially in children. Increased weight of the 
child has been proven to reduce the salivary flow rate. These children show 
lower salivary flow rates as compared to children with normal range weight 
(Pannunzio E, et al., 2010). This could also be a reflection of developmental 
changes which encompass both height and weight and maturation of sali-
vary glands affecting salivation (Bretz WA, et al., 2001).

Correlation of atropine sulphate and gender of the participant
The mean salivary flow rate estimated by both stimulated and unstimu-
lated methods showed that males had a higher salivary flow rates as com-
pared to females at the baseline (Figure 1). This observation is in accord-
ance with previous works by Anderson R, 1972, Heintze U, et al., 1983 and 
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mation.
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Effect of atropine sulphate on vitals
The administration of atropine sulphate in the dosages of 1.5 mg orally has 
been known to cause change in diastolic blood pressure (Lönnerholm G 
and Widerlöv E, 1975) something that was demonstrated by the present 
study where there was an increase in diastolic Blood Pressure (BP) in chil-
dren who received atropine drops within 60 minutes of intake. This in-
crease in the diastolic BP was found to be transient and had stabilized to its 
normal range by the final reading at 90 minutes (Figure 4).
A decrease in heart rate was observed in all the children receiving atropine 
drug sublingually at 60 minutes interval in the current study. The heart 
rate was found to revert to the normal range within the span of the study. 
This transient decrease of heart rate was expected as is known to occur 
associated with low doses of atropine and thought to be caused due to cen-
tral vagal effect either on the nucleus or a direct effect on the heart (Baker 
JP, 1959; Hayes Jr AH, et al., 1971; McGuigan H, 1921). In this context, 
the most accepted explanation has been that it’s the peripheral effects that 
contribute more as compared to CNS effects when causing bradycardia in 
children (Lönnerholm G and Widerlöv E, 1975). Recent studies also report 
a decrease in standing pulse rate echoing the results of the present study 
(Mubaslat O and Lambert T, 2020).

CONCLUSION
The present study leads to the following inferences in its wake-
• The chronological age and body weight of the child were found to have 
appreciable statistical correlation to the salivary flow rate of the child.
• The mean salivary flow rate at baseline was higher in males as compared 
to females. Although atropine sulphate did not seem to have any gender 
predilection on its pharmacokinetics. 
• The dose administered in the present study (0.01 mg/kg) was found to 
be effective in eliciting the antisialogogue action of atropine sulphate via 
sublingual oral route.
• The unstimulated salivary flow rates in the children receiving atropine 
sulphate dropped by 80.3% in 90 minutes whereas stimulated salivary flow 
rate decreased by 79.4%. 
• The average time of onset of action of atropine sulphate via sublingual 
route is around 60 minutes. 
The study also evidenced an increase in diastolic blood pressure 60 min-
utes after atropine administration in children along with simultaneous de-
crease in heart rate at the same time interval.

LIMITATIONS
The present study had certain confinements in the design wherein the span 
of observation of salivary flow was limited to 90 minutes so as so accom-
modate the routine dental procedures, this proved insufficient to assess the 
reversal of salivary flow in participants who received atropine. Also, the 
bad taste of the eyedrops was a major cause of concern for participants of 
the study.
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