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Abstract
Purpose: To compare the effect of bethanechol versus selegiline in ameliorating spinal cord injury (SCI)
in a rat model.

Methods: Male adult Wistar rats (200 — 250 g) were equally divided into 3 groups: test (SCI rats treated
with bethanechol), and control reference (SCI rats treated with selegiline) and control (SCI rats treated
with vehicle). SCI was induced in the rats using the clipping method. Thereafter, motor function was
assessed in the rats using a rotarod. Each rat was sacrificed by decapitation, and the cortex was
excised for use in the study of the involvement of cholinergic and monoaminergic transmission in SCI
rats using real-time quantitative polymerase chain reaction and western blot analysis.

Results: Retention time was numerically greater in rats treated with acetyl choline agonist at all
rotations (10, 15 and 25 rpm) when compared to MAO A inhibitor group, but the difference was not
statistically significant (p > 0.05). Both bethanechol and selegiline improved motor function by increasing
cholinergic and monoaminergic transmission. Both drugs (bethanechol and selegiline) were effective in
ameliorating the motor function deficit caused by spinal cord injury. A significant upregulation in
acetylcholine esterase (AChE) was observed in the cortex of the SCI rats, relative to non-SCl rats (p <
0.005). Results from cholinergic receptor binding studies revealed significantly decreased Bmax and kd
values for muscarinic receptors in SCI rats, when compared to non-SCI rats. Moreover, the reduction in
the intensity of cholinergic receptors was significantly higher in the cerebral cortex of SCI rats than in
non-SCI rats.

Conclusion: Bethanechol and selegiline are effective in ameliorating motor function deficit caused by
spinal cord injury in rats. Both drugs also improve motor function in SCI rats. Therefore, the drugs have
potentials for use in the therapeutical management of spinal cord injury.

Keywords: Spinal cord injury, Bethanechol, Selegiline, Motor functions, Monoaminergic transmission,
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INTRODUCTION understanding CNS pathways after SCI is a key

to establishing an accurate treatment [1]. In
Spinal cord injury (SCI) is one of most common motor cortex, changes in neurotransmitter are
reasons for disability worldwide. Therefore, helpful for the accurate understanding of brain-
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spinal cortex synchronization in SCIl. The
muscarinic receptors in CNS regulate learning
and memory, and are also involved in controlling
several sensory, motor, and autonomic routes.
Muscarinic acetylcholine receptor plays a vital
role in the functioning of sensory and motor
structures [2]. Also, role of monoamine oxidases
(MAO) in controlling sensory, motor, and
autonomic routes have been well-documented
[3-5]. A published study showed that
monoamine  oxidase-B  inhibitor  protects
degenerating spinal neurons, which enhances
nerve regeneration and functional recovery in
sciatic nerve crush injury model [6,7].

It was hypothesized that inhibition of monoamine
oxidase-B may improve the SCI recovery by
increasing level of NA and 5 HT in brain or spinal
cord area. Also, hypothesized that activation of
muscarinic receptor in brain and spinal cord may
improve recovery of SCI by increasing
cholinergic transmission in CNS. There is no
study evaluating and comparing the effect of
bethanechol (muscarinic receptor agonist) and
selegiline (mono-amine. oxidase inhibitor type B
[MAOB-I]) in amelioration of spinal cord injury in
rat model of spinal cord injury. Thus, the present
study was designed to compare the effect of
Bethanechol versus Selegiline in amelioration of
spinal cord injury (SCI) in a rat model.

EXPERIMENTAL

A total of 60 male adult Wistar rats (200 — 250 @)
were equally divided into 2 3 groups: test (SCI
rats treated with Bethanechol [0.6 mg/kg/day]),
and control reference (SCI rats treated with
Selegiline [2.5 mg/kg) intraperitoneally) and
control (SCI rats treated with Vehicle) were
housed in isolated cages with 12-h day/12-h
night light cycle, with ad libitum access to rat
feed and drinking water. The study protocol was
approved by the animal ethics committee of Linyi
People's Hospital vide approval number:
IRB/LPH/09/82A-2018 and the CPCSEA
guidelines were followed for animal care in all the
study-related procedures [8]. Rats of all groups
were treated for 10 days. Chronic SCI was
induced using the clipping method. Each rat was
sacrificed using decapitation, and the cortex was
dissected and stored at —80 °C prior to assays.

Motor function of the rats was tested using
rotarod test following the induction of SCI. In this
test, each rat was trained 5 times before taking
actual reading to assess its motor function. The
actual reading was recorded for each rat at
different speeds (rpm): low (10 rpm), medium 15
rpm, and high/fast (25). In addition, retention time
was measured at these rpm values in both

groups. Motor function was assessed using
Basso Beattie and Bresnahan motor rating scale”
at baseline, day 7 and day 14. Also, pain was
assessed by mechanical allodynia at baseline,
day 7 and day 14. Real-time PCR assay was
conducted in 96-well kits in a PCR instrument.
The RT-PCR assay was performed using the
primers for MAO, with RT-B-actin as internal
control. Total protein (approx. 50 pg) was
extracted from cells or tissues of cortex and
fractionated using 10 % SDS-polyacrylamide gel
electrophoresis. The bands were then transferred
to nitrocellulose membrane, and images were
captured using Odyssey Infrared Imaging
System. The loading control was glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

Cortex was dissected and was sliced into
different sections using cryostat. Each section of
dissected cerebral cortex was treated with
phosphate buffer at pH 7.4 for half an hour, and
then incubated with muscarinic and nicotinic
acetylcholine receptor antibody. The expressions
of cholinergic and monoamine oxidase receptors
were evaluated using pixel intensity technique.
Receptor-binding was  determined  using
Scatchard method for assessment of receptor
binding variables such as Bpax (maximum
binding), and kq4 (dissociation constant). Usually,
Bmax IS Used to measure expression of receptors
available in cortex sample, while kq is an index of
the affinity of the muscarinic and nicotinic
receptors for ligands.

Statistical analysis

No formal sample size was calculated since the
present investigation was a preliminary
investigation. Comparison of retention times,
locomotor function score, pain threshold and the
expressions of cholinergic and monoamine
oxidase receptors in cortical region between both
groups were analyzed using appropriate
statistical method such as student t-test. Data
related to receptor binding analysis in cortex
between both groups were analyzed using non-
parametric test. The pixel intensities in the cortex
between both groups were analyzed using non-
parametric test. Statistical analysis of data was
performed using SPSS 25.0 statistical analysis
software. Level of statistical significance was
0.05.

RESULTS

In rotarod test, retention times (seconds) were
significantly less in rats treated with vehicle when
compared to rats treated with acetyl choline
agonist and MAO A inhibitor. Retention times
(seconds) were significantly greater in acetyl
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choline agonist and MAO A inhibitor group as
compared to control group treated with vehicle.
On comparing acetyl choline agonist and MAO A
inhibitor group, retention times (seconds) was
numerically greater in rats treated with acetyl
choline agonist at all rotations (10, 15 and 25
rpm) when compared to MAO A inhibitor group.
However, the difference between acetyl choline
agonist and MAO A inhibitor group was not
statistically significant (p > 0.05).
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Figure 1: Retention time in rats treated with vehicle,
acetyl choline agonist and MAO A inhibitor group; p <
0.005 for Vehicle vs acetyl choline agonist and MAO A
inhibitor group

In BBB scale, locomotor function was
significantly impaired in rats treated with vehicle
when compared to rats treated with acetyl
choline agonist and MAO A inhibitor. Locomotor
function was significantly improved in rats treated
with acetyl choline agonist and MAO A inhibitor
group when compared to control that were
treated with vehicle. On comparing, acetyl
choline agonist and MAO A inhibitor group, it was
observed that improvement in locomotor function
was numerically greater in rats treated with
acetyl choline agonist as compared to MAO A
inhibitor group. However, difference between
acetyl choline agonist and MAO A inhibitor group
was not statistically significant (p > 0.05).
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Figure 2: Locomotor function in rats treated with
vehicle, acetyl choline agonist and MAO A inhibitor
group; p < 0.005 for vehicle vs acetyl choline agonist
and MAO A inhibitor group

Similar results were observed for pain threshold.
Pain threshold was significantly greater in rats

treated with acetyl choline agonist and MAO A
inhibitor, when compared to rats treated Vehicle
(Figure 3). It was observed that pain threshold
was numerically greater in rats treated with
acetyl choline agonist as compared to MAO A
inhibitor group. However, difference between
acetyl choline agonist and MAO A inhibitor group
was not statistically significant (p > 0.05).
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Figure 3: Pain threshold in rats treated with vehicle,
acetyl choline agonist and MAO A inhibitor group; p <
0.005 for Vehicle vs acetyl choline agonist and MAO A
inhibitor group

RT-PCR analysis showed significantly lower
expression of AChE in the cortex region of after
treatment with acetyl choline agonist group on
day 1 (baseline) and day 14 (after treatment,
Figure 4). Similar trend was observed in MAO A
inhibitor group. However, after treatment, the
expression of MAO was significantly reduced
from baseline. This indicates inhibition of MAO
enzyme results in improvement in locomotor
function.
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Figure 4: Expressions of AChE and MAO in cortex
regions after treatment with acetyl choline agonist and
MAO A inhibitor group

DISCUSSION

It has been reported that the cholinergic and
monoaminergic transmission in CNS plays an
important role in controlling motor functions [9-
12]. The understanding of cholinergic and
monoaminergic transmission involvement in
spinal cord injury is important to for an accurate
treatment for spinal cord injury. The present pre-
clinical investigation is the first study to compare
the effect of bethanechol (muscarinic receptor
agonist) with selegiline (mono-amine oxidase
inhibitor type B [MAOB-I]) in amelioration of
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spinal cord injury in rat model of spinal cord
injury to confirm whether targeting central
nervous system pathway - cholinergic or
monoaminergic helps in recovering motor
functions after spinal cord injury. The results of
current study showed that the bethanechol
(muscarinic receptor agonist) was more effective
when compared to selegiline in improving motor
function and promoting recovery of SCI.
However, the difference was not statistically
significant. Bethanechol and selegiline improved
motor function by improving cholinergic and
monoaminergic transmission, respectively.

Decrease in  cortical  cholinergic  and
monoaminergic transmission was observed in
SCI rats treated with vehicle. In SCI rats, there
was significant decrease in activity of cholinergic
receptors, which led to reduction in motor
function associated with the cholinergic receptor
or neurotransmitter in SCI. Cholinergic receptor
function was impaired in the SCI rats, which was
reversed after treatment with bethanechol and
selegiline. Also, lower retention time was
observed in rats treated with vehicle when
compared to bethanechol and selegiline at all
rotations (10, 15 and 25 rpm). In rotarod test,
significantly less retention time was observed in
SCI rats treated with vehicle as compared to the
SCI rats treated with bethanechol and selegiline
at all rotations. This indicates that treatment with
bethanechol and Selegiline improve motor
function in SCI rats. However, improvement was
numerically greater in rats treated with
bethanechol when compared to selegiline. This
indicates that drug targeting cholinergic
(muscarinic) and monoaminergic transmission
would be effective in reversing motor impairment
caused by SCI.

The results of this study showed that
pharmacological therapy targeting cholinergic
(muscarinic) and monoaminergic transmission
could be a better treatment option among the
patients with SCI and suffering from motor
impairment. The result of present study
encourages conducting the efficacy and safety of
pharmacological therapy based on muscarinic
receptor agonist in future clinical trials in SCI
patients. In addition, it was observed that the
activity of AChE was significantly impaired in SCI
rats treated with vehicle. This indicates that
activation of cholinergic receptors in cortex
region of SCI rats would be effective in improving
motor function [13-15]. Defects in motor function
in SCI are possibly due to impaired transmission
of cholinergic and monoaminergic pathways.
The role of cholinergic receptors and
monoaminergic pathways in regulating spinal

cord functions have been previously reported
[2,15-17].

Muscarinic receptors in CNS are associated with
the regulation of learning and memory, and are
also involved in controlling several sensory,
motor, and autonomic routes. Muscarinic
receptor of acetylcholine plays a vital role in
functioning of sensory and motor structures
[2,17]. These results indicate that impairment of
cholinergic and monoaminergic transmission acts
as one of key contributors to motor deficits in
SCI. Thus, cholinergic and monoaminergic
system may be a useful target for effective
treatment option for motor deficits associated
with SCI. In summary, the present study found
new therapeutic target - muscarinic receptor
agonist mono-amine oxidase inhibitor type B was
found effective to recover motor deficit in SCI.
The results of this study recommended that there
is need to target - cholinergic and
monoaminergic CNS pathways for developing
effective treatment for SCI.

CONCLUSION

Bethanechol and selegiline are effective in
ameliorating motor function deficit caused by
spinal cord injury in rats. Both drugs also improve
motor function in SCI rats. Thus, drugs targeting
cholinergic (muscarinic) and monoaminergic
transmission would be effective in reversing the
motor impairment caused by SCI.
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