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Abstract

Locomotor assessment is an important evaluation in the investigation of a new therapeutic
drug. Changes in the locomotor function could be affecting other behavior assessments.
Quinuclidine derivatives, (s)-T1, (s)-T2, and (s)-T6, selectively bind to the a3p4 nicotinic
acetylcholine receptor (nAChR). The activation of the nicotinic receptor involved in
locomotion changes in mice. This study aimed to determine the effect of (s)-T1, (s)-T2, and
(5)-T6 on locomotor activity in C57BL6 mice. (s)-T1, (s)-T2, and (s)-T6 (1, 3, and 10 mg/kg)
were injected subcutaneously. Locomotor activity was performed for 30 minutes in the open
field test. Nicotine (0.5 mg/kg), a nAChR agonist, significantly decreased locomotion time,
distance, and speed in the first 15 minutes. (s)-T2 (10 mg/kg) decreased locomotion time at 10
minutes after administration. (s)-T6 (10 mg/kg) also showed a significant decrease in the
locomotion time and distance during 10 to 20 minutes after administration. (s)-T1 had no effect
on locomotor activity. The results suggested that further behavioral studies using (s)-T2, and
(5)-T6 should be performed 20 minutes after drug administration.

Keywords: Quinuclidine derivatives, a3p4 nicotinic acetylcholine receptor, locomotor
activity
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Introduction

Normal motor function is a key role in performing the behavioral test in animal models.
Changes in the locomotor activity in several behavior evaluations could produce a biased
interpretation, especially in the learning and memory, anxiety, and drug-addiction models.
In addition, the detection of abnormal motoric function is essential to establish the safety of a
new potential drug that acts in the central nervous system (CNS) (1). The open field test is
generally used to assess locomotor activity in rodents as well as the anxiety and exploratory
behaviors associated with mental status (2, 3). To determine the effects of newly synthesized
substances acted in the CNS, animals have usually been tested the locomotor activity along
with other behavioral tests. This approach is to ensure that the behavioral effects of any new
substances are not affected by the alteration of motoric function.

Quinuclidine derivatives were synthesized from the quinuclidine anti-1,2,3-triazole
containing molecule, QNDS8 (Figure 1a), which is a specific ligand of a7 nicotinic
acetylcholine receptor (nAChR) (4). Quinuclidine derivatives used in this study, (s)-T1,
(s)-T2, and (s)-T6 (Figure 1b), have high affinity to 34 nAChR (4). While 0432 nAChR,
which mediates the addictive property of nicotine, are abundant in the ventral tegmental area
(VTA), a3p4 nAChR are highly expressed in the interpeduncular (IPN) and medial habenula
(MHD) (5, 6). The glutamatergic neurons from IPN project their axons to the raphe nuclei and
dorsal tegmental area and the glutamatergic neurons from these areas connect and activate the
dopaminergic neurons in the VTA and substantia nigra (SN) (7). It is well known that the
nigrostriatal dopaminergic pathway plays a key role in movement control (8, 9). Dopaminergic
neurons in VTA also indirectly affect motor function by innervation to SN (10). Thus, the
ligands of 042 and a3p4 nAChRs might alter the locomotor activity of animals which can
affect other behavioral tests.

a. b.
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Figure 1. The chemical structures of the quinuclidine anti-1,2,3-triazole containg molecule, QNDS8 (a) and
(s)-T1, (s)-T2, and (5)-T6 (b)

The present study aimed to evaluate the effect of (s5)-T1, (5)-T2, and (s)-T6, on
locomotor activity in C57BL6 mice. The results from this study were used to design further
behavioral studies to investigate the effects of these a334 nAChR ligands.

Methods

Animals and study design

Male C57BL/6N mice, (9-12 weeks old, 20-30 g) (Nomura Siam International
company, Bangkok, Thailand), were maintained under standard conditions (24 + 2°C, 40-60%
humidity, 12 h light cycle) with free access to food and water. Mice were allowed to acclimatize
for 1 week before the experiments. The experimental procedure was approved by the
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Institutional Animal Care and Use Committee, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Thailand (approval number — 1933005).

Mice were divided into 11 groups (n = 6 per group) and received the treatment as shown
in Table 1. After the injection, mice performed locomotor activity in the open field test for 30
minutes.

Table 1 Animal groups and treatment

Group No. Group name Treatment

1 Control NSS (10 mL/kg s.c.)

2 Nicotine Nicotine (0.5 mg/kg s.c.)
3 T1 (1) (s)-T1 (1 mg/kg s.c.)

4 T1 (3) (s) -T1 (3 mg/kg s.c.)
5 T1 (10) (s) -T1 (10 mg/kg s.c.)
6 T2 (1) (s) -T2 (1 mg/kg s.c.)

7 T2 (3) (s) -T2 (3 mg/kg s.c.)

8 T2 (10) (s) -T2 (10 mg/kg s.c.)
9 T6 (1) (s) -T6 (1 mg/kg s.c.)
10 T6 (3) (s) -T6 (3 mg/kg s.c.)
11 T6 (10) (s) - T6 (10 mg/kg s.c.)

Open field test

The open field apparatus is composed of a white box (50x50x40 cm) and a video camera
placed over the box connecting to VideoMOT2 software for real-time analysis of locomotor
activity. The video tracking recorded locomotion time, distance, and speed every 5 minutes for
30 minutes.

Statistical Analysis

Statistical analysis was carried out using GraphPad Prism version 9.0. Results were
presented as meantstandard error of the mean (S.E.M.). Two-way analysis of variance
(ANOVA) with time and treatment as factors followed by Tukey’s post-hoc test was used to
analyze the differences between groups at each time point. The differences in total locomotion
time, distance and speed were analyzed by one-way ANOVA followed by Tukey’s post-hoc
test. Differences were accepted as significant at a p-value < 0.05.

Results

Effect of (s)-T1, (s) -T2, and (s)-T6 on locomotor time

Nicotine significantly decreased locomotion time at 5, 10, and 15 minutes after
administration (p < 0.001 vs control) (Figure 2a, 2b, 2¢). (5)-T1 and (s)-T2 had no effect on
locomotion time (Figure 2a, 2b) while (5)-T6 (10 mg/kg) significantly decreased locomotion
time at 10, 15, and 20 minutes after administration compared to control at the same timepoints
(» < 0.05, p <0.01, and p < 0.05, respectively) (Figure 2¢). Moreover, the total locomotion
time showed the significant decreased total locomotion time of mice receiving nicotine and
(s)-T6 (10 mg/kg) (p < 0.05) (Figure 2d).
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Figure 2. Effect of quinuclidine derivatives, (s)-T1 (a), (5)-T2 (b), and (s)-T6 (c), and nicotine on locomotion time

recorded every 5 minutes for 30 minutes. Total locomotion time was recorded for 30 minutes (d). Data were
presented as mean (+S.E.M). *p < 0.05, **p <0.01, ***p <0.001 compared to control.
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Effect of (S)-T1, (S-T2), and (S)-T6 on locomotion distance

Nicotine significantly decreased distance at 5, 10, and 15 minutes after administration
compared to control at the same timepoints (p < 0.001, p < 0.001, and p < 0.01, respectively)
(Figure 3a, 3b, 3c¢). (s)-T1 had no effect on distance (Figure 3a) while (s)-T2 (10 mg/kg)
significantly decreased distance at 10 minutes after administration (p <0.05 vs control) (Figure
3b). Similarly, (s)-T6 significantly decreased distance at 10 and 20 minutes compared to
control (p <0.05 and p <0.01, respectively) (Figure 3¢). Overall, nicotine showed a significant
decreased total distance (p < 0.05) while (s)-T1, (s)-T2, and (s5)-T6 had no effect on total
locomotion distance (Figure 3d).

Effect of (S)-T1, (S-T2), and (S)-T6 on locomotion speed

Like locomotion time and distance, nicotine treatment reduced locomotion speed of
animals at 5, 10, and 15 minutes after administration (p <0.05, p <0.01, and p < 0.05 vs control,
respectively) (Figure 4a, 4b, 4¢). (s)-T1 and (s5)-T2 did not affect speed (Figure 4a, 4b) while
a high dose of (s)-T6 significantly decreased speed at 20 minutes after administration (p < 0.05
vs control) (Figure 4c). However, the total locomotion speed of mice receiving nicotine,
(s)-T1, (s)-T2, and (s)-T6 was not significantly different (Figure 4d).

Discussion

04p2 and a3p4 nAChRs are highly expressed in the ventral tegmental area (VTA), and
the interpeduncular (IPN), respectively (5,6). Locomotor activity is mainly controlled by the
nigrostriatal dopaminergic pathway (8,9). Since dopaminergic neurons from VTA and
glutamatergic neurons from IPN innervate to the substantia nigra (7,10), the modulation of
these neurons by a4p2 and a3p4 nAChR ligands can regulate dopaminergic transmission
resulting in the alteration of locomotion. This study revealed that nicotine, the 042 nAChR
agonist, (s)-T2 and (s)-T6, the a3p4 nAChR ligands, acutely reduced locomotor activity in
mice.

Previous studies revealed the dose-dependent effects of nicotine on locomotor activity.
Low dose nicotine (0.13 mg/kg) increased locomotor activity in mice (6) while high dose
nicotine (0.65 mg/kg) caused hypolocomotion (11). The direct injection of nicotine into VTA
and NAc, the areas with highly expressed 2 subunit of nAChR, results in hyperlocomotion
(12). In contrast, nicotine can induce seizure and hypolocomotion in 4 (+/+) mice but not in
B4 (-/-) knock-out mice (13). These results indicated that nicotine-induced hyperlocomotion is
mediated by the B2 subunit in the VTA and NAc while nicotine-induced hypolocomotion is
mediated B4 subunit in the IPN. In this study, nicotine (0.5 mg/mg) decreased locomotor
activity, suggesting its effect on the activation of a334 nAChRs in the IPN.

Previous in vitro studies using HEK293 cells expressing human o334 nAChR showed
that (s)-T1 (10 uM) was the a3p4 nAChR agonist, while (s5)-T2 (10 uM) was the a3p4 nAChR
antagonist (4). (5)-T6 is the potent ligand of a334 nAChR (4) but its agonist or antagonist effect
has not been examined. (5)-T1 had no effect on locomotor activity which was contrast to the
nicotine effect, while a high dose of (s)-T2 and (s)-T6 caused hypolocomotion which was
similar to the nicotine effect. Previous study revealed that high dose nicotine (0.65 mg/kg)
decreased locomotor activity (11), while the a384 nAChR antagonists, a-Conotoxin TxID and
[S9K] TxID, had no effect on locomotor activity (14). These results suggested the antagonistic
effect of (s)-T1 and agonistic effect of (s)-T2 and (s)-T6. Because previous in vitro study used
one concentration of (s)-T1 and (5)-T2 to conclude their agonistic and antagonistic properties,
the complete functional assay is needed to confirm agonistic and antagonistic properties of
(s)-T1, (s)-T2, and (s5)-T6. In addition, the direct effects of the quinuclidine derivatives on
dopamine receptors and dopamine release, which is involved in locomotion control, should be
further investigated.
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Figure 3. Effect of quinuclidine derivatives, (s)-T1 (a), (s)-T2 (b), and (s)-T6 (c), and nicotine on distance

recorded every 5 minutes for 30 minutes. Total locomotion distance was recorded for 30 minutes (d). Data were
presented as mean (+S.E.M). *p < 0.05, **p <0.01, ***p <0.001 compared to control.
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Figure 4. Effect of quinuclidine derivatives, (5)-T1 (a), (s)-T2 (b), and (s5)-T6 (c), and nicotine on locomotion
speed recorded every 5 minutes for 30 minutes. Total locomotion speed was recorded for 30 minutes (d). Data
were presented as mean (+S.E.M). *p < 0.05, **p <0.01 compared to control
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The open field test is commonly used to evaluate general health, motor function,
neurological process, and anxiety behavior of laboratory animals (15). Three locomotor
domains, time, distance, and speed were investigated in this study. Decreases in locomotion
time and distance can be interpreted as the results of motor impairment, central nervous system
depression and decreased anxiety (15). Stereotypic behaviors, defined as the abnormal
repetitive movements of face, head, neck and/or limbs with no purpose or function, can also
cause the reduction of locomotion distance and time (16). (s)-T2 reduced locomotion distance
while (5)-T6 decreased locomotion time and distance, suggesting their effects on motor
functions and neurological process. We also observed the stereotypic behavior in a few mice
receiving high dose (s)-T6. Locomotor velocity is closely related to anxiety-like behavior (17).
Nicotine but not (s)-T1, (s)-T2 and (s)-T6 decreased locomotion speed. The anxiolytic effect
of nicotine is well-known. To determine anxiolytic and/or anxiogenic effects (s)-T1, (5)-T2 and
(s)-T6, the behavioral model specific to anxiety such as elevated plus maze should be used for
further investigation.

Conclusion

(s)-T2 (10 mg/kg) decreased locomotion distance at 10 minutes after administration
while (5)-T6 (10 mg/kg) decreased locomotor time and distance at 10, 15 and 20 minutes after
administration. Locomotor activity was then returned to normal after 20 minutes. The results
suggested the appropriate time point to determine other behavioral tests.
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Break (311 VDO sponsor)

NMFUEUONANUVDILFNAE2197 (Oral presentation) (sie) Lanioddoe

o Usyyulvgadyyuseantassinenaunnuurislsemelng

i

o UsyyulvgiadyussanUampunduinewissemealng (SenUssgunsai 2)

184 2565 Online Conference
amzilouy
Uagnan 3 - Urgnan A Jaasey
(Dithi Chungcharoen Memorial Lecture)
® “Hepatic Clearance Decline and Pharmacokinetic Changes with
Aging”
Dr. Hiromi Sato
Graduate School of Pharmaceutical Sciences, Chiba University, Japan
(Under collaboration between The Pharmacological and Therapeutic Society
of Thailand and The Japanese Society for the study of Xenobiotics (JSSX))
® “Immuno (biology) from basic science to applications”
399ANENTIA13E AT, WeY.G519INE WashaTey

NTNAIIYIYSANENT AMTUNNYAIANS UMINGITUULTAIT
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Break (¥ VDO sponsor)

Symposium ll: “How to avoid age-related diseases?”

® “Anti-ageing diet and food supplements”
HU8ANEn319158 Wey.agaliad 2lsnuddng
MElAINGMALTUATNWNTUNNE MATY1TAENS

AMZLNNEAIENST LSINYIVIRTIUITUR UM INeaeuing

® “Anti-ageing products: beauty from inside & out”
399AENTIA1E AT, ANWUA FT2YY

AP NALULATNFVNTTU AULLAATANERNS UPINSIAUULSAIT

® “Physical and Spiritual activities for successful ageing”
HY8A18n319138 A5.80AY18 Yeyusznau
a1e39NgANUITR AUEMATIANITLNTIS URNINYIRBUDULNY

Lunch Symposium 2:

® “Cosmetic and aesthetic anti-ageing technology: Clinical aspect”
399ANENI19198 A9, Wey.3uA55 Usyauseiiu
AAIYVIDIYIAANT AUZUNNYAIENT INIAINTIUNTINYEY

® “Cosmetic and aesthetic anti-ageing technology: Molecular aspect”
ANEA519138 A3, NEY.913N1 Aevil
M INALULABNEYNIIN AMTLNEYANERNT UUTINUIRYULTAIT

s auerauIsItdnmeluanes (Poster presentation) Henviadgoe

Break (31 VDO sponsor)

WoyfinnIntnassinguazindyinglenila

88U 2565 Online Conference
amzilouy
Urgnan 4 - drgnan Uszan auns
(Prasop Ratanakorn Memorial Lecture)
“The Biology of Ageing: Strategies and Challenges to Extend Life
Span”
Professor Matt Kaeberlein
Laboratory Medicine and Pathology, School of Medicine, University of
Washington (UW), US.

O
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- Break (%1 VDO sponsor)
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® NEALULILAZNBUIINIANYIAYA AEATIANTE UN.028 LNATIN
Toe wienaupundIneLiaUsEmalng (5999519158 A5, NgY.sAdNT TuINew))
% ussereiaulnednnduinenfny
AEAS19158 AS.LNAST A V9T
“gnasedrundinemuvysannistulsauanSeuazuzisevioyns”
® adnuuziuazIaUIINda “dnaisanenjuluinau”
1ne wenasTIeaupuwisUsEwelng (F1a9519758 Wey.Aaans I35 TmnIUY)
& usseefirwlaetnassineiguluifieu
AEAS19158 AT, UN.BASTY dlouuszam
“Application of Physiological Concepts for Drug Discovery of
Intestinal Disorders”
NENBUTTANITUNAUDNAITY
o Uz AsNTanIsUEUeNaIUAUETTINGT Iy Usesruatznssunisinadndu
NANTUENIESTINYN
o YsznAseTanIsulEueNaIUAUAFINET 1nY UsyenunmznITunsiedndu
NAUANLAFYINYT

WINBUSUINNN Uag WEUAUUTEYN JPPSC-2022

® naNETUNNTIAUTEYNININTT JPPSC-2022

lng Usesusudnanulseyadvinig ° (§1emans1975e A5.qnIms Wugsssny,
e naMUANUUSTYNT WA TU - YU 5UINN

Ingasu

- wenasTIveauAuwiUsEmalve (mans19158 wel.news 35z dmnIuuy)

- WEnAANNEINYWRUTEWALNG (599189519158 AT, NgY.TAFNT TUINGE))
o LuzinsUssrinnsasialy

® Uan1sUszyu JPPSC-2022
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