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ABSTRACT

Background: Sublingual atropine is an effective treatment of clozapine-induced hypersalivation. This
study aims to investigate the pharmacokinetics of atropine after sublingual and oral administration and
study the dose effect of atropine on saliva secretion.

Methods: An interventional cross-over clinical trial where participants received 0.6 mg and 1.2 mg
atropine sulfate sublingual solution and 0.6 mg oral tablet. Atropine plasma concentration was measured
over 9 hours with validated LC-MS/MS method. Atropine effects on saliva secretion rate, visual acuity
and accommodation, and vital signs were assessed.

Results: Four clozapine-treated and three healthy participants were enrolled in the study. The area
under the atropine plasma concentration-time curve (AUC, ) was highest after the 1.2 mg sublingual
solution administration in comparison with 0.6 mg tablet or sublingual solution (8.58+1.66 pg.L'.h
vs. 4.65+1.29 vs. 2.98+0.73 pg.L".h, respectively). The C_, for the 0.6 mg and 1.2 mg sublingual
solutions was 1.11+0.99 and 1.76+0.62 pg.L", and t_, was 2.18+0.59 and 1.9+0.71 h, respectively.
In comparison with the 0.6 mg sublingual solution dose, the saliva secretion reduction was larger
after the oral tablet administration (-40% (-59, -22%) vs. -69% (-80, -57)) and largest after the 1.2 mg
sublingual solution administration (-79% (-93,-64)).

Conclusion: Both the sublingual and oral atropine are effective in reducing the saliva secretion however
at a lower plasma concentration after sublingual administration, with a dose-dependent effect. Both
have significantly reduced the blood pressure and pulse rate over 3 hours without significant changes
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in vision. No major safety concerns were reported.

INTRODUCTION

Clozapine Induced Hypersalivation (CIH) is a commonly
reported adverse effect in patients with well-described
mental and physical adverse consequences.' A number of
management strategies have been proposed to mitigate
this adverse effect, including the administration of the
anticholinergic drug atropine.

In a recent study, we found sublingual atropine sulfate
solution to significantly reduce the saliva secretion in
clozapine-treated patients when used for night-time
hypersalivation.? The successful use of atropine in the
treatment of CIH was also reported in the systematic
review of Van der Poorten et al.?

Atropine is an anticholinergic medication demonstrating
nonselective blockade of muscarinic receptors. Nevertheless,
in small oral and injectable doses, atropine has been found
to have cholinomimetic effects.* The pharmacokinetic profile
of atropine after parenteral administration is described
in multiple reports.> Only one study by Kanto et al® has
investigated the plasma concentration of atropine after
sublingual administration® where three doses of sublingual
atropine sulfate were administered with the largest dose of
0.07 mg/kg compared to a0.02 mg/kg dose after subcutaneous
and intramuscular administration. The participants were
12 women undergoing caesarean section under general
anaesthesia. The short duration of blood sampling (3 h) is
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one major limitation of the study and the high dose tested is
unlikely to be used for the treatment of CIH.

As for orally administered atropine, the pharmacokinetics
in adults was investigated by Beermann et al” using
radiolabelled atropine. Two studies have investigated the
oral absorption of atropine in children.®°®

There is a lack of information about the pharmacokinetics
of sublingual atropine that can guide the dose selection
of an effective yet safe doses of sublingual atropine,
and the dose-response relationship on saliva secretion.
Another investigated indication of sublingual atropine
is in the treatment of organophosphate poisoning as an
alternative to IM administration.' Pharmacokinetic studies
utilizing precise analytical methods to investigate atropine
disposition in adults are warranted.

This study aimed to investigate the atropine pharmaco-
kinetics, effects on daytime saliva flow, and the dose-effect
relationship in clozapine-treated adults and compare that
to healthy adults. The atropine effect on vision (acuity,
accommodation and convergence), blood pressure and pulse
rate were also investigated between the different doses.

METHODS

Analytical Methods

The analytical methods were developed and validated at
the Chemistry Laboratory at Royal Prince Alfred Hospital,
Sydney, Australia.

Materials

Atropine was purchased from Sigma-Aldrich (Atropine
A0132, purity > 99%, Castle Hill, Australia). A second
source of atropine (A794630, Purity=98%) as well as the
internal standard, Atropine-d5 (A794627) were purchased
from Toronto Research Chemicals (TRC, Supplied by PM
Separations, Brisbane, Australia). Drug-free human plasma
was sourced from the Blood Bank laboratory at Royal Prince
Alfred Hospital.

Equipments

The chromatographic instrumentation used is described in
Table 1.

MAIN POINTS

« Ahighly sensitive and specific atropine assay was developed
and applied for the measurement of atropine plasma
concentration after a small sublingual and oral dose
administration (limit of quantification is 0.025 pg.L-1)

o Both sublingual and oral atropine, at the 0.6 mg and 1.2 mg
doses tested, significantly reduced the saliva secretion
with no significant effect on blood pressure or vision, or an
increase in pulse rate.

o Sublingual atropine significantly reduced the daytime saliva
secretion in clozapine-treated and healthy adults in a dose
dependent manner and at approximately 60% systemic
exposure of that of the oral tablet.

Table 1. LC-MS/MS Instrument Parameters

Instrument Shimadzu Nexera UHPLC system (Shimadzu
Scientific, Rydalmere, Australia)

Column ACE Excel C18-AR (50 mm x 2.1 mm x 1.7 pm
particle size, Advanced Chromatography
Technologies LTD, UK) with a Rheodyne in-line
particulate filter

Column 30 °C

Temperature

Mobile Phase A 0.01M ammonium formate buffer in water

(pH=3.5)
100% methanol

Mobile Phase B

Mobile Phase Linear gradient from 30% B at 0 min to 50% B at

Profile 4 min. These conditions were maintained for
2 min and then the mobile phase settings were
returned to initial conditions (30% B) for a 2 min
equilibration. The mobile phase flow rate was
0.35 mL/min

Run Time 8 min

Autosampler 4°C

Temperature

The samples were analysed using multiple reaction
monitoring (MRM) on a LCMS-8050 Triple Quadrupole
Tandem Mass Spectrometer with data analysis performed
via LabSolutions version 5.97 (Shimadzu Scientific,
Rydalmere, Australia). One quantifying and one qualifying
ion transitions were monitored for atropine and its internal
standard, atropine-d5. The MRM (quantifying and qualifying
transitions respectively, collision energies and quadrupole
voltages) for atropine and atropine-d5 are 290.0 -> 124.1
(-20, -23, -24), 290.0 -> 92.9 (-20, -32, -34) for atropine,
and 295.2 -> 124.1 (-20, -23, -24) and 295.2 -> 92.9 ((-20,
-32, -34) for atropine-d5. The injection volume was 10pL.

Sample Preparation

Plasma samples were prepared for analysis through
mixing aliquots (200 pL) of the plasma with 800 pL of
acetonitrile containing the internal standard. The nominal
concentration of Atropine-d5 in acetonitrile was 0.5 pg.L".
The mixture was vortex-mixed to precipitate plasma
proteins, then centrifuged for 5 min at 4000 rpm. Extracts
(900 pL) were evaporated to dryness then reconstituted
with 200 pL of 10% methanol in water.

Method Validation

The assay was validated according to US FDA guidelines for
bioanalytical studies.

The calibrator solutions were prepared from pure atropine
powder supplied by PM Separations where the spiking
solutions (prepared in in 10% methanol) were diluted
1 in 10 with plasma to yield 7 Plasma calibrators ranges
from 0.025 to 10.0 pg.L' of atropine. Quality control
(QC) solutions were prepared in a similar fashion to
the calibrator solutions but using the atropine powder
purchased from Sigma-Aldrich.
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The method was highly selective with no overlapping peaks
or signal abnormalities that co-eluted at the atropine
retention time. All runs returned a least-squares regression
correlation coefficient (R?) higher than 0.998. Matrix effects
were evaluated through post-column infusion of atropine.

Accuracy and precision were deemed acceptable if
deviations at a nominal concentration were < 15%, except
at the Limit of Quantification (LOQ) which could deviate
by up to 20%. Recovery and matrix effects were also
investigated. The RE% for the inter-run study and within-
run study ranged between -1.5 and +4.4 (CV% was 16.21 for
the 0.025 pg.L " concentration and ranged between 2.7 and
10.93 for the other concentrations) and 4.6 to 11.7 (CV%
between 2.7 and 8.9) respectively.

The recovery was calculated by comparing the calibration
curve slope of the calibrators with that of the atropine
concentration in 10% methanol in water. The mean recovery
was found to be 96.1% (SD=5.91, CV%=6.16).

The LOQ was found to be the 0.025 pg.L" and displayed a
maximum RE% of mean calculated concentration of 12.3%
and maximum CV% of 13.7.

All calibrators and QCs were freshly prepared at the time
of each analysis. In regards to the atropine stability in
human plasma, atropine was reported to be stable for
6 months after storage at -20 °C."™ Also, haemolysis was
found not have an effect on atropine bioanalysis.”® The
stability of atropine after reconstitution with 10% methanol
while in the autosampler was assessed by comparing the
calculated atropine plasma concentration of the 0.1 pg.L"
QC sample at the start of the run and 9 hours later in
each of the participants’ samples runs. Nine hours was
the longest duration of the participants’ samples run on
any day. Stability of atropine in prepared samples in the
autosampler over 24 h was reported by Siluk et al.

Clinical Study

Participants:  The clinical study was carried at the
Charles Perkins Centre at the University of Sydney, New
South Wales, Australia. Written informed consent was
obtained from each participant. A study poster was
displayed at the University of Sydney, Sydney, Australia
and Royal Prince Alfred Hospital, Sydney, Australia to invite
healthy adults to participate in the study. Clozapine-
treated adults attending the clozapine clinic at the
Camperdown Community Mental Health Centre, Sydney,
Australia, were invited to participate in the study.

The clinical trial was approved by the Sydney Local Health
District Ethics Review Committee (RPAH Zone) (Ethics
approval number: HREC/18/RPAH/687) and registered on
the Australian New Zealand Clinical Trials Registry ANZCTR
(Trial ID: ACTRN12618001817235).

Inclusion and Exclusion Criteria

All participants were at least 18 years old, if a female non-
pregnant and non-breastfeeding, and normotensive with

no signs of heart disease based on recent blood pressure,
blood pathology, and ECG tests. Participants were
excluded if they had known allergy to atropine, known
kidney or liver impairment, were anemic, treated with an
anticholinergic medication other than clozapine, treated
with an anticoagulant, or had a contraindication to the use
of the study medication.

Sample Size

The sample size calculation was based on the atropine effect
on saliva secretion after the sublingual administration of
0.6 mg atropine sulfate. Assuming a saliva secretion
reduction of 52% (SD+26),? five participants are needed
to be treated with sublingual 0.6 mg atropine sulfate to
be able to reject the null hypothesis that the population
saliva flow rate mean of the atropine sulfate and the
baseline were equal (power 0.90). The type 1 error
probability associated with this test of this null hypothesis
is 0.05 (G*Power 3.1.9.7 software, difference between two
dependent means).

Cotton rolls and saliva pads were used in measuring the
saliva secretion in subjects (Cotton rolls: Henry Schein
Dental Cotton Rolls®, size 2 (3.8 mm), Henry Schein
Australia. Saliva pads: NeoDrys®, small size, Henry Schein
Australia). The dry and wet cotton rolls and saliva pads
were weighed using a METTLER TOLEDO, PL83-S scale.

The wall LogMAR chart (Proportionally spaced LogMAR
Sloan Letters Chart, 3 metres, GOOD-LITE, USA), was used
to assess the distance visual acuity at baseline and after
the administration of atropine. The RAF Rule (Haag-Streit
UK, Edinburgh Way, Harlow, Essex, UK) binocular gauge
was used to measure visual accommodation, convergence,
and near vision.

The vital signs (body temperature, blood pressure and
pulse rate) were measured using a Welch Allyn Connex
Spot Monitor.

Study Procedure

Study participants were instructed not to eat on the morning
of the study after an overnight fast. Participants arrived
at the study site at 7:30 am and immediately received a
standardised breakfast and was provided with 500 mL of
water. One hour after breakfast, a 5 min baseline saliva
secretion rate was measured as described in a previously
published study.? Vision, body weight, height, and waist
circumference were assessed. The saliva secretion was
measured again at 2 h and 5 h after the administration of
atropine.

The distance visual acuity test was carried out according
to chart use instructions by the GOOD-LITE company.
The vision tests were carried out by the use of the RAF
Rule.™ They were carried out before and 2 h after the
administration of atropine.

Vital signs were recorded at baseline then, at least, at the
time of each blood sample collection between 9 am and
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1 pm. All participants had the same standardised meal for
lunch (at 1 pm, after the 3 h blood sample collection) with
a cup of coffee immediately after lunch. Vital signs after
180 min were recorded but not compared due to the
variation in the time participants finished their lunch and
the possible effect of coffee on the recorded vital signs.

All participants had a 12-lead ECG at the end of all blood
samples collection.

All study procedures were carried out at the Charles
Perkins Centre.

Atropine Dosing

Three atropine doses were administered; a single dose
of 60 pL of atropine sulfate 1% drops solution (equivalent
to 0.6 mg of atropine sulfate, Bausch & Lomb Australia
PTY LTD) administered sublingually on first visit, a single
dose of 0.6 mg atropine sulfate tablet (Wockhardt UK Ltd,
United Kingdom) administered orally on the second visit,
and a single dose of 120 pL of atropine sulfate 1% drops
solution administered sublingually on the third visit. One
participant only was tested on any study day. There was
a washout period of at least 3 days between visits. The
participant was instructed to keep the atropine solution
in the mouth as long as possible before swallowing. The
atropine tablet was placed at the back of the tongue then
immediately swallowed with 200 mL of plain water. No
food was allowed between breakfast and lunch time. Only
water was allowed after the collection of the 60 min blood
sample.

Blood Sampling

A baseline blood sample (2 mL, Vacutainer® EDTA tube)
was collected via indwelling cannula into the antecubital
fossa prior to the administration of the study medication.
Subsequent blood samples were collected at 5, 10, 20, 30,
40, 60, and 90 min, then 2, 2.5, 3, 4, 5, 5.5, 6, 6.5, 7, 7.5,
8, 8.5, 9 h after the administration of atropine. The tube
was inverted at least 8 times, immediately refrigerated
then centrifuged within 3 hours from collection for 10 min
at 2000 g at 4°C (Heraeus Megafuge 16R, ThermoFisher
SCIENTIFIC). Harvested plasma was transferred to a 2 mL
Eppendorf tube (POCD, Artarmon, NSW, Australia) and
frozen at -20°C until analysis. The participants’ samples
were analysed once so were not exposed to repeated
freeze/thaw cycles. The maximum storage time for the
participants’ plasma samples was 4 months which is less
than the 6-month stability period reported for atropine in
plasma when stored at -20 °C."

Data Analysis

Non-compartmental pharmacokinetic analysis were
performed using PKanalix (version 2019R1, Lixoft SAS,
Abtony, France). The area under the atropine plasma
concentration-time curve (AUC) was calculated using the

linear log trapezoidal method. The maximum atropine
plasma concentration (C,,) and the time to C_, (t..)
was determined by observation. The terminal elimination
rate constant (k,) was estimated as the slope of the
terminal portion of the log concentration-time plot using
at least three points. The time needed for the atropine
concentration to decrease by half during the elimination
phase (half-life, t,,,) was calculated by dividing 0.693 by
the elimination rate constant (k,) for each participant.
Relative bioavailability was calculated by comparison of
dose-corrected AUC. All parameters were summarized
using geometric means+SD.

Statistical analysis was carried out using the SPSS statistical
package (IBM SPSS Statistics for Windows, version 26 (IBM
Corp., Armonk, N.Y., USA)). A Generalised Estimating
Equation (GEE) procedure was used to compare the means
of pharmacokinetic parameters, saliva secretion at 2 and
5 h, vision at 2 h, and the vital signs over 3 h between
the three atropine doses. The GEE comparison tables were
checked for the time at which the medication has made a
significant change then the difference in the mean change
was compared to that produced by the 0.6 mg SL solution
at the particular time.

A Spearman Ranking Test was used to measure the
correlation between the AUC with the saliva secretion
change and between each of the pharmacokinetic
parameters and vital signs change over 3 hours.

All analyses were performed using SPSS software version
26.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Four clozapine-treated patients and four healthy adults
were enrolled in the study. One healthy participant did not
comply with the study procedure and was excluded from
analysis. The remaining 7 participants (3 females) had a
mean age (+SD) of 36 + 9 years, mean body weight 86 + 18 kg,
and mean Body Mass Index (BMI) 26+6 kg/m? (Figure 1).
All clozapine-treated participants were not currently
employed. The three healthy participants were healthcare
professionals.

Clozapine-treated participants reported untreated night-
time but not daytime drooling. All were prescribed clozapine
for the treatment of treatment resistant schizophrenia. The
median daily clozapine dose was 375 mg. The number of
blood samples collected ranged between ten and nineteen
samples per participant for each study visit.

The plasma concentration versus time of the atropine
after sublingual solution and oral tablet administration is
shown in Figure 2.

The mean (+SD) atropine C,, for the 0.6 mg (n=7) and
1.2 mg (n=3) sublingual solutions was 1.11+0.99 and
1.76+0.62 pg.L" respectively, and t,, was 2.18+0.59 and
1.9+0.71 h, respectively. For the atropine 0.6 mg tablet
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Enrollment

Assessed for eligibility (n=15)

Excluded (n=7)
¢ Not meeting inclusion criteria (n=1)

A4

o Declined to participate (n=6)

Enrolled (n=8)

) l

A

Visit 1: Atropine 0.6 mg SL solution
(n=8) (n=7)
e Received atropine (n=8)

Visit 2: Atropine 0.6 mg oral tablet

e Received atropine (n=5)

Visit 3: Atropine 1.2 mg SL
solution (n=7)
e Received atropine (n=3)

[ Follow-Up ]

A

Lost to follow-up (n=0)

Lost to follow-up (n=2)*

Lost to follow-Up (n=4)*

[ Analysis ]

A

o Analysed (n=7)

o Excluded from analysis (unable to
withdraw blood) (n=1)

Analysed (n=5)

Analysed (n=3)

Figure 1. Study flow diagram (CONSORT flow chart). *Participants refused to return for later study visits due to the COVID

pandemic. SL, sublingual.

(n=5), theC__,
respectively.

andt,  were0.98+0.08 ug.L"and 1.9+1.03h,

The mean values of the main pharmacokinetic parameters
are summarized in Table 2.

When comparing the total amount of atropine absorbed
after the administration of the three doses, the mean (+ SD)
dose adjusted relative bioavailability of the 1.2 mg SL
solution and 0.6 mg tablet relative to the 0.6 mg SL solution
was 0.98+0.01 and 1.54+0.30, respectively.

The mean AUC,  after the administration of the 1.2 mg
SL solution was statistically significantly larger than that
after the administration of the 0.6 mg SL solution and
0.6 mg oral tablet (mean difference in AUC,_ =
5.49 pg.L'.h (Cl:4.69, 6.29) and 4.07 pg.L'.h (Cl:3.61,
4.52) respectively).

Also, more atropine was absorbed after the administration
of 0.6 mg tablet in comparison with the same dose after
sublingual solution administration (relative bioavailability
of sublingual solution, 64%).

There was no significant difference in the mean t_,,
observed between the clozapine-treated participants and
healthy participants after oral atropine administration
(p=0.69) or for all study days (p=0.28). The mean estimated
atropine t,,, for all doses was 2.47 h+0.99.

Effect on Saliva Secretion

The majority of participants (6 out of 7) had a significant
decrease (mean percentage change -40.5%, Cl: -59.3,
-21.7%) in saliva secretion (Table 3) after the 0.6 mg SL
atropine solution administration.

One participant receiving clozapine (participant
1 in Figure 2) had an increase in saliva flow and also had
shortest t.,, and largest C_,, of atropine. The participant
also demonstrated a higher atropine C_, after the
administration of 1.2 mg sublingual atropine sulfate.
To eliminate a larger atropine elimination rate in this
participant, the atropine apparent clearance (CL/F) was
found to be within the range observed for other participants
(250 L.h"" vs. 152-319 L.h"" in other participants).
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Figure 2. Atropine plasma concentration-time profiles after the administration of (a) 0.6 mg atropine sulfate sublingual solution,
(b) 0.6 mg atropine sulfate tablet and (c) 1.2 mg atropine sulfate sublingual solution in patients receiving clozapine (P1,P4,P6,P8)
and healthy participants (P3,P5,P7). Note: Participant 2 was excluded.
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Table 2. Pharmacokinetic Parameters of atropine After Sublingual (SL) and Oral Tablet Administration (n=number of

participants)

0.6 mg SL Solution.

Parameter Clozapine- Healthy

treated (n=4) (n=3)

1.2 mg SL Solution
Clozapine-treated?®

0.6 mg Oral Tablet

Clozapine-treated Healthy
(n=3) (n=3) (n=2)

AUC,_ (ug.L".h) 3.16 (0.63) | 2.63 (1.06) | 2.98 (0.73) 8.58 (1.66) 4.45 (1.25) 4.95 (1.80) | 4.65 (1.29)
C.. (ug.L") 1.41 (1.27) | 0.71(0.25) | 1.11 (0.99) 1.76 (0.62) 0.99 (0.039) 0.96 (0.15) | 0.98 (0.08)
t,.. () 1.61 (0.70) | 2.28 (0.63) | 1.9 (0.71) 2.18 (0.59) 1.67 (1.15) 2.26 (1.07) | 1.9 (1.03)
t,, (h) 1.93 (0.64) | 2.90 (1.83) | 2.26 (1.08) 3.05 (1.54) 2.24 (0.34) 2.57 (0.73) | 2.37 (0.47)

Mean (SD) data presented.

20nly clozapine-treated participants participated in the 1.2 mg SL solution study.
AUC,_.: Area under the atropine plasma concentration versus time curve over time zero extrapolated to infinite time, C_,: Maximum plasma

max*

concentration, t,,: Time to maximum plasma concentration. Elimination half-life (t,,,) was calculated by dividing 0.693 by the elimination rate

‘max*

constant (k,) for each participant.

There was a statistically significant larger decrease in total
saliva secretion in all participants after the administration
of the 0.6 mg atropine sulfate tablet and 1.2 mg SL atropine
sulfate solution in comparison with the 0.6 mg SL solution
(Table 4).

However, after the exclusion of the participant who
experienced an increase in saliva secretion, the change
was statistically significant with only the 1.2 mg SL
solution relative to the 0.6 mg SL solution (mean
estimated difference: -23.00, Cl: -44.71, -1.30). As for
the dose-effect relationship, no significant correlation
was found between the change in saliva secretion and
AUC,,, or AUC,,,/dose.

No statistically significant change in saliva secretion was
found at 5 h after the atropine sulfate administration.
However, the saliva secretion was only measured in 9 out
of the 15 atropine administration occasions.

Table 3. Change in Total Saliva Secretion in All Participants

Change in total saliva
secretion (%), mean (Cl)
-22.85 (-57.77, 12.08)*
-68.60 (-80.40, -56.79)
-78.93 (-93.28, -64.57)

SL soln.: sublingually administered solution, n=number of participants.
*Statistically non-significant change.
Cl: confidence interval.

Atropine Dose

0.6 mg SL solution, n=7

0.6 mg oral tablet, n=5

1.2 mg SL solution n=3

Table 4. Difference in the Saliva Secretion Change Between
the Atropine Sulfate Tablet and 1.2 mg SL Solution to the
Atropine Sulfate 0.6 mg SL Solution (n=7)
Mean difference in saliva
flow rate? (%) (Cl)

-46 (-76, -15) 0.003 |

-56 (-98,-14) 0.008 |
SL soln.: sublingually administered solution, Tab.: tablet, n=number
of participants.

2Mean difference is calculated using Generalised Estimating Equation.
Cl: confidence interval.

Atropine Dose

‘ 0.6 mg oral tablet (n=5)
1.2 mg SL solution (n=3)

Atropine Safety

Atropine Effect on Vital Signs:  All three atropine doses
caused a statistically significant reduction in standing and
sitting pulse rate from baseline. However, none of the
changes recorded with any one dose were statistically
significantly different from those recorded with the other
doses. The maximum change in standing diastolic BP was
-6.27 (-10.60,-1.94) mmHg, standing pulse was -14.12
(-21.91, -6.34) beats per min (bpm), sitting systolic BP was
-9.33 (-17.91, -0.76) mmHg, sitting diastolic BP was -5.73
(-9.28, -2.25) mmHg, and sitting pulse was -21.75 (-28.12,
-15.38) bpm. A statistically non-significant change in
standing systolic BP was recorded.

Atropine Effect on Vision: The study of the effect of
atropine on visual acuity found no changes in near vision
test in any of the participants. No statistically significant
change in distance vision was found after the administration
of any of the atropine doses or forms in any group of
participants.

For the visual accommodation and convergence testing,
a statistically significant change (increase) in Near
Point Accommodation (NPA) was found in the healthy
participants (mean: 1.00 cm, CI: 0.17, 1.83) and in the
clozapine-treated participants after the administration of
the 1.2 mg SL atropine only. The change in the Near Point
of Convergence (NPC) was not statistically significant in
any of the study groups.

Cardiac Conduction Effects: No significant changes in the
12-lead ECG were recorded between the end of blood
collection time and baseline.

DISCUSSION

This study is the first to investigate plasma concentration
of atropine following sublingual administration in people
treated with clozapine. This study found that systemic
exposure after sublingual administration of an atropine
solution was lower when compared to the oral tablet of
the drug. No major safety concerns were found.
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The sublingual absorption of atropine in adults was
previously described by Kanto et al® However, in the
Kanto et al® study, the participants were anaesthetised over
the first one hour after the administration of the atropine
sulfate dose which may have prolonged the retention time
of atropine in the mouth and therefore the absorption
phase. The short blood collection time makes the reported
AUC of atropine over the three hours incomparable with
that in our study.

The 36% higher bioavailability after the oral tablet
administration relative to the SL route may be due to a
reduced absorption of the sublingual atropine due to
incomplete swallowing of the solution or a decrease in the
permeation of atropine across buccal cavity membranes.
The interaction of saliva components such as peptides and
proteins with sublingually administered atropine will need
to be investigated.'®

The comparable atropine plasma concentration after
oral and sublingual administration indicates that the
same maximum daily oral atropine tablet dose of 2 mg
may also apply to sublingual atropine solution when used
in the treatment of CIH. It is noteworthy that the
pharmacokinetics of atropine after IV administration
is reported to be nonlinear after IV administration of
0.5 to 4 mg of atropine." This was also found in this study
between the 0.6 mg and 1.2 mg sublingual atropine.

The C,,, recorded in this study is very similar to that
reported by Kozelj et al" after the ingestion of meals
with different amounts of atropine (C, ,=0.55 and
1.6 pg.L" after the intake of 3.58 pg.kg™' body weight and
12.1 pg.kg' body weight of atropine respectively).™ It is
worth noting that all 5 participants had a reasonably close
C...x Which was smaller than that for the sixth participant.

Some participants in the sublingual atropine study have
shown double absorption peaks consistent with two-parallel
absorption phases. The lack of such peaks after oral tablet
administration suggests a partial absorption from the
buccal cavity after the SL solution administration and not
an enterohepatic recirculation. A second concentration
peak may lead to prolonged antimuscarinic action. The
variable absorption among the participants may be due to
a variable surface area and permeability of the mucosal
membrane in the buccal cavity, saliva volume, and the
saliva and mucous membrane pH.'®

A decrease in the pH at the absorption site in the mouth
or an increase in the amount of saliva initially secreted to
wash out the bitter tasting atropine solution would reduce
the absorption rate based on the buccal medications
absorption models proposed in the literature.'? The acidic
pH of the atropine eye drops solution (pH=3.0-4.2; personal
communication, Atropine Minims, Bausch and Lomb) and
short retention time may reduce, or delay, the absorption
of atropine from the buccal cavity. Atropine is metabolised
in the liver through glucuronidation with around 60% of the

administered dose excreted unchanged in the urine.?" It
is unknown if any of the esterase enzymes secreted into
the saliva in humans has any hydrolysing effect on the
atropine molecule.?? A lower buccal bioavailability was
reported with other drugs such as nicotine.? The large C_,,
in participant 1 after sublingual atropine administration
may be due to a possibly reduced integrity of the buccal
mucosal membrane due to injury, for example, or a higher
saliva pH in comparison with the other participants. The use
of a tasteless buccal or sublingual oral dispersible tablet is
suggested for future studies testing the atropine buccal
absorption. Such tablets would increase the uniformity
of the absorption process between participants. The
elimination of the momentary increase in saliva secretion
due to atropine’s bitter taste may reduce the chances of an
interaction between atropine and the saliva components.
The incorporation of permeation enhancers and sodium
bicarbonate (increasing the medium pH) or mucoadhesive
into atropine sublingual preparations may increase the
atropine buccal absorption.?

In this study, the t__, is found to be longer and the t,,, range
is wider than that reported by Beermann et al” after oral
atropine administration in adults (t,,: 1.96 vs. 1 h, t,;:
0.53-4.41 vs. 2.5-3 h).” Yet, the atropine half-life in the
present study (2.47+0.99 h) is in close agreement with the
half-life reported by other researchers after the parenteral
administration of atropine; 2.56+0.46 h and 4.3+1.7 h
after IV administration?® and 2.4+0.6 h and 3.1+0.6 h after
IM administration.? In children, the oral atropine t,,,

reported has ranged between 1.5 and 2 hours.??°

Interms of the effect of atropine on gastrointestinal motility,
a single 0.25 mg dose of sublingual atropine was previously
reported to significantly reduce the colonic motility in
participants undergoing elective colonoscopy.” Reduced
gastric motility was similarly reported after IV atropine
administration.? Despite the well-known gastrointestinal
hypomotility in clozapine-treated patients, no statistically
significant difference in the t_, was found between the
clozapine-treated and healthy participants in the present
study. This implies a rapid anticholinergic effect of atropine
on gastric emptying after a single dose administration, or
failure to show a difference due to the multiple atropine
peak concentrations found after the atropine solution
administration.

As for the effect on saliva secretion, both the atropine
sublingual solution and oral tablet significantly reduced
the saliva secretion. The percentage change in the 0.6 mg
SL solution group became statistically significant after the
exclusion of the one participant who experienced the increase
in saliva secretion (mean= -40.48, Cl: -59.28, -21.67). This
confirms the findings in our previous study including a
possible paradoxical increase in saliva secretion in a small
percentage of clozapine-treated patients.?2 In comparison
with our previous study, the reduction in this study is
slightly less (-40.5% vs. -52.4%) which may be referred to
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the different testing time (daytime vs. nigh-time) and that
all participants had hypersalivation at the time of testing in
the previous study but none of the participants in this study.
These findings suggest that sublingual atropine solution may
be effective for the treatment of daytime hypersalivation as
was the case for nigh-time hypersalivation.

A dose dependent decrease in saliva secretion after
sublingual administration was observed in this study similar
to that reported by other researchers over the atropine
oral dose range of 0.25 mg to 1 mg.?” The atropine tablet
is @ more convenient option than the sublingual solution
and the 1.2 mg dose may be used in patients who fail to
respond to the smaller 0.6mg dose. In comparison with SL
solution, the larger amount of atropine that was absorbed
after oral tablet administration without a significantly
larger decrease in saliva secretion warrants close
monitoring of systemic anticholinergic adverse effects
after the administration of oral atropine tablets especially
when given in the presence of clozapine.

Atropine treatment decreased pulse rate after all atropine
doses in this study opposite to that reported after the
administration of high doses of parenteral or oral atropine
reported.*® The finding in this study is of clinical significance
in clozapine-treated patients who commonly experience
tachycardia.

Inregards to the visual acuity after atropine administration,
no significant changes were recorded. This is in keeping
with the findings in other studies after the administration
of 1mg oral or 1 and 2 mg IM atropine.3' Despite a reported
significant pupillary dilatation after the administration of
2 mg of atropine but not with smaller doses,?’ no change in
near vision was recorded.

A strength of this study is the novel insights into atropine
systemic exposure in both healthy participants and people
taking clozapine after sublingual administration.

Animportant feature of thisresearchis the development and
application of a highly sensitive and specific atropine assay
which allowed the quantitation of atropine concentrations
after very low doses administration. Among the different
analytical methods for atropine, liquid chromatography-
tandem mass spectrometry methods are found to have
highest analyte selectivity and sensitivity.”> The lowest
reported LOQ of atropine was 0.05 pg.L" using a liquid
chromatography electrospray ionization tandem mass
spectrometry (LC-ESI MS/MS).32 The LOQ reported in the
present study is 0.025 pg.L".

We advise clinicians to alert the patient to the bitter taste
of the atropine drops. A sublingual 0.6 mg of atropine
sulfate at bed-time for night-time hypersalivation
or drooling is proposed as a treatment option in the
management of clozapine-induced hypersalivation or
drooling. The same dose may be used during the daytime
if other non-pharmacologic options fail. The atropine dose
may be increased to 1.2 mg in patients experiencing a

paradoxical increase in saliva secretion or unsatisfactory
response to the smaller dose. A metered sublingual spray
is recommended for the administration of sublingual
atropine solution. Dental cotton rolls and saliva pads used
in this study may be used in measuring the atropine effect
on saliva secretion. Given the dose-dependent effect type
and extent of atropine on heart rate, we recommend
measuring the pulse rate before starting the atropine
therapy and 2 hours after the first dose. Patients should
be counselled on the potential adverse effects of atropine
if administered at an amount larger than the prescribed
dose.

This study has a number of limitations. A small humber
of participants were investigated at each atropine dose. A
larger number of participants (24 participants for an effect
size of 0.6, G*Power 3.1.9.7 software) would have allowed
for a better description of the inter-individual differences
of the atropine pharmacokinetics with all doses. The use
of tasteless atropine dispersible tablets that allows for
maximum retention of atropine in the buccal cavity could
have allowed for a better study of any atropine absorption
through the membranes in the buccal cavity. This study
was carried out in the fed state due to the long blood
collection time. A study conducted under fasting condition
would have potentially reduced the intra- and inter-
individual variation in atropine pharmacokinetics.

In conclusion, significantly less atropine is absorbed into
the systemic circulation after sublingual administration as
a liquid in comparison with administration as an oral tablet.
In this study sublingually and orally administered atropine
significantly reduced saliva secretion in clozapine-treated
patients and healthy participants. A decrease in pulse
rate without a significant effect on vision was recorded.
In general, atropine was well tolerated which supports
the safe and appropriate use in reducing the burden of
hypersalivation in people treated with clozapine at
daytime in addition to the night-time found in a previous
study. A larger number of participants is suggested in
future studies to better describe the absorption phase of
sublingual atropine. The findings of this study supports the
use of sublingual atropine as a safe option in the treatment
of hypersalivation.
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