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Abstract
Objective ~ Overactive bladder (OAB) constitutes the majority of childhood incontinence causes. Oxybutynin is an antimuscarinic agent frequently used for children in the treatment
of OAB. This study aimed to investigate the effects of an antimuscarinic drug oxybutynin on learning and memory.
Materials ~ We assessed the effects of oxybutynin on learning and memory functions using the Passive Avoidance (PA) and the Morris Water Maze (MWM) Test in mice. Forty nine
and Methods  male inbred BALB/c ByJ mice were randomly divided into experimental groups; saline; scopolamine 0,6 mg/kg, oxybutynine 1 mg/kg, oxybutynine 2 mg/kg, oxybutynine
4 mg/kg and scopolamine 0,6 mg/kg+ oxybutynine 4 mg/kg. Each experimental group consisted of 8-9 mice in tests.

Results  Oxybutynin treatment (1 mg/kg, 2 mg/kg, and 4 mg/kg) did not show a significant difference in the retention time on the second day compared to the control and
oxybutynin (4 mg/kg) significantly prolonged the retention time in scopolamine-treated mice. In the MWM Test, oxybutynin (1 mg/kg, 2 mg/kg, and 4 mg/kg) has no effect
on the time spent in the target quadrant. Scopolamine (0.6 mg/kg) alone significantly reduced time spent in the target quadrant, but oxybutynin (4 mg/kg) significantly
prolonged time spent in the target quadrant in scopolamine-treated mice. Also, scopolamine significantly increased the mean distance to the escape platform, while
oxybutynin (4 mg/kg) significantly decreased the mean distance to the escape platform in scopolamine-treated mice.

Conclusion  In our study, oxybutynin did not affect learning and memory, but it plays a role ameliorating the learning and memory deficits. The results of this study show that the use
of oxybutynin in patients with OAB does not affect learning and memory.
Keywords  oxybutynin; scopolamine; learning; memory; mice
0z
Amag  Agsirt aktif mesane (AAM) cocukluk ¢agi inkontinans nedenlerinin cogunlugunu olusturmaktadir. Oksibutinin, AAM tedavisinde ocuklarda siklikla kullanil, imuskarinik bir maddedi
Calismanuzin amact antimuskarinik ilaglardan biri olan oksibutininin 6grenme ve bellek iizerine etkilerinin aragtirilmasidr.

Gereg ve  Farelerde Pasif Sakinma (PA) Testi ve Morris Su Tankt (MWM) Testini kullanarak oksibutinin’in 6grenme ve hafiza iizerindeki etkilerini degerlendirdik. 49 erkek BALB/c By] fareler rastgele

Yontemle  deney gruplarma ayrilds; salin; skopolamin 0,6 mg/kg, oksibutinin 1 mg/kg, oksibutinin 2 mg/kg, oksibutinin 4 mg/kg and skopolamin 0,6 mg/kg+ oksibutinin 4 mg/kg. Deney gruplart 8-9
fareden olusuyordu.

Bulgular  Oksibutinin tedavisinin (1 mg/kg, 2 mg/kg ve 4 mg/kg) kontrole gore ikinci giin tutma siiresinde Gnemli bir farklilik gostermezken, skopolamin uygulanmus farelerde oksibutinin (4 mg/kg)
retansiyon siiresini onemli 6lgiide uzatmisti. MWM Testinde, oksibutinin (1 mg/kg, 2 mg/kg ve 4 mg/kg) hedef kadranda gegirilen siire iizerinde higbir etkisi yoktur. Skopolamin (0,6 mg/kg)
tek basina hedef kadranda harcanan siireyi onemli olgiide azaltts, ancak oksibutinin (4 mg/kg), skopolamin ile tedavi edilen farelerde hedef kadranda gegirilen siireyi nemli olciide uzattr.
Ayrica, skopolamin, kagis platformuna olan ortalama mesafeyi onemli élgiide artirirken, oksibutinin (4 mg/kg), skopolamin ile tedavi edilen farelerde kagis platformuna olan ortalama
mesafeyi onemli olgiide azalttr.

Sonu¢  Cals da oksibutinin dgrenme ve bellegi etkil ken, bozulmus 6§ ve bellek iizerine olumlu etkileri oldugu goriilmiistiir. Bu calismanin sonuglart AAM’li hastalarda oksibutinin
kull dgrenme ve hafizay: etkilemedigini gostermektedir.
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INTRODUCTION
The International Continence Society defines overactive
bladder as the presence of “urinary urgency, usually ac-
companied by frequency and nocturia, with or without ur-
gency urinary incontinence, in the absence of urinary tra-
ct infections or other obvious pathology” The overactive
bladder symptoms are urgency, frequency, nocturia, and
urgency incontinence.! The ICS defines urinary frequency
as the patient complaint of urinating too often during the
daytime. Nocturia is one or more voids per night, prece-
ded and followed by sleep. Urgency is sudden, compelling
desire to pass urine that is difficult to defer. Urgency in-
continence is the involuntary leakage of urine accompa-

nied or immediately preceded by urgency.?

OAB occurs due to abnormal contractions of the bladder
detrusor muscle caused by the stimulation of specific mus-
carinic receptors. Therefore, antimuscarinic agents such as
oxybutynin, tolterodine, trospium, solifenacin, and dari-
fenacin have long been used in the pharmacological treat-
ment of OAB that they cause a decrease in urinary frequ-

ency and an increase in bladder capacity.’

Since contraction of the detrusor muscle and bladder emp-
tying are primarily mediated by stimulation of muscari-
nic receptors by acetylcholine that anticholinergic agents
such as oxybutynin and tolterodine are recommended as

first-line therapy for overactive bladder.*

Oxybutynin is a relatively nonselective antimuscarinic
agent which has been used for the management of OAB
for over 30 years.>® Oxybutynin is highly metabolized by
CYP3A4, which is predominantly found in the intestinal
wall and liver. N-desethyl oxybutynin (DEO), one of the
metabolites of oxybutynin, is thought to be related to the
anticholinergic side effects of oxybutynin. Anticholiner-
gic side effects of orally administered OXY, primarily dry
mouth, may limit its efficacy.” Oxybutynin has been com-
monly associated with adverse effects such as dry mouth,

constipation, headache, dyspepsia, and dry eyes.*’

Use of medicines in an unapproved indication, age group,
dose or administration route is defined as off-label drug
use. Although there are negative aspects of off-label drug
use, there are various positive aspects. Off-label drug use
provides new opportunities for existing approved drugs
and reduces the time and cost involved in drug discovery
with respect to traditional drug development methods.
The passive avoidance and morris water maze tests are use-
ful for the evaluation of cognitive performance (learning

and memory)."

Therefore, the goal of this study was to evaluate the effect
of nonselective antimuscarinic agent oxybutinine admi-
nistration on learning and memory in the passive avoidan-

ce and moris water maze tests.

MATERIALS and METHODS
Animals

Forty nine male inbred BALB/c ByJ mice (Animal Resear-
ch Center, Sakarya-Turkey) aged 7 weeks upon arrival to
the laboratory were used in this study. Animals (4-5 per
cage) were kept in the laboratory at 21 + 1.5 °C with 60%
relative humidity under a 12 h light/dark cycle (light on
at 8.00 p.m.). Tap water and food pellets were available ad
libitum. All procedures involving animals were in comp-
liance with the European Community Council Directive
of 24 November 1986, and ethical approval was granted
by the Sakarya University Ethics Committee (04.04.2018,
Number = 12, Sakarya/Turkey).

Drugs
Oxybutynine and scopolamine were purchased from Sig-
ma Chemicals (St Louis, Mo, USA). Drugs were dissolved
in saline. Saline was used as the vehicle controls. Drugs
were given intraperitoneally (i.p.) in a volume of 0.1 ml per
10 g body weight of mice. The doses are; saline; scopolami-
ne 0,6 mg/kg, oxybutynine 1 mg/kg, oxybutynine 2 mg/kg,
oxybutynine 4 mg/kg and scopolamine 0,6 mg/kg+ oxy-
butynine 4 mg/kg. The doses were chosen based on pre-

vious behavioural studies.'"'? Drugs were prepared freshly
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on the day of experiment. All drugs or saline were given
30 min before the experiment. Scopolamine has frequently
been used in cognition models to induce impairment and
identify the potential of test compounds to reverse these

impairments. Because of this, we used scopolamine.

Experimental Design
In our randomised controlled experimental study; we in-
vestigated the effects of oxybutynine on learning and me-
mory by using passive avoidance and morris water maze
in mice. Additionally, the locomotor activity was evaluated
by measuring the total distance moved in the open field
test.

1. Passive Avoidance (PA) test
Animals were trained in a one-trial, step-through PA ap-
paratus to evaluate memory based on contextual fear con-
ditioning and instrumental learning. A decrease in reten-
tion latency indicates an impairment in memory in the PA
task. The apparatus consisted of a box with an illuminated
part (L 7 x 12.5 x h 14 cm) and a dark part (L 24 x 12.5
x h 14 cm), both equipped with a grid floor composed of
steel bars (0.3 cm diameter) spaced 0.9 cm apart. The in-
hibitory avoidance task consisted of two trials. On the first
day of training, the mice were individually placed into the
light compartment and allowed to explore the boxes. The
intercompartment door was opened after a 10 second acc-
limation period. In the acquisition trial, each mouse was
placed in the illuminated compartment, which was lit by a
bright bulb (2000 lux). If the mouse stepped into the dark
compartment (2/3 of the tail in the dark compartment),
the door was closed by the experimenter, and an inesca-
pable foot shock (0.3 mA/1 second) was delivered through
the grid floor of the dark compartment. A cut-off time of
five minutes was selected. The time taken to enter the dark
compartment (training latency) was recorded. Immedia-
tely after the shock, the mouse was returned to the home
cage. The retention trial started 24 hours after the end of
the acquisition trial. The animals received drugs prior to

retention training. Each mouse was placed in the illumi-

nated compartment as in the training trial. The door was
opened after a 10 second acclimation period. The step-th-
rough latency in the retention trial (with a maximum 300
seconds cut-off time) was used as the index of retention of
the learned experience. A shock was not applied during

the retention trial.

Forty nine male inbred BALB/c By] mice were used in
the study. Mice were randomly divided into experimental
groups in PA test: saline; scopolamine 0,6 mg/kg, oxybuty-
nine 1 mg/kg, oxybutynine 2 mg/kg, oxybutynine 4 mg/kg
and scopolamine 0,6 mg/kg+ oxybutynine 4 mg/kg. Each
experimental group consisted of 8-9 mice. All experiments
were performed between 10.00 and 12:00 a.m. All drugs or

saline were given 30 min before the experiment.

2. Morris Water Maze (MWM) test
The MWM comprised a circular pool (90 cm diameter)
filled with water (22°C) and rendered opaque by addition
of small black balls. The pool was located in a dimly lit,
soundproof test room with various visual cues, including a
white/ black colored poster on the wall, a halogen lamp, a
camera, and the experimenter. The maze was divided into
four quadrants, and three equally spaced points served as
starting positions around the edge of the pool. The order of
the release positions was varied systematically throughout
the experiment. A circular escape platform (6 cm diameter
and 12 cm high) was located in one quadrant 1 cm above
the water surface during the familiarization session and 1
cm below the water surface during the other sessions. Vi-
deo tracking was conducted with a video camera focused
on the full diameter of the pool. Navigation parameters
were analyzed using the Ethovision 8.5 video analysis sys-
tem (Noldus Ethovision XT). Mice were trained in MWM
five times per day (familiarization session, S1, S2, S3, and
S4). One familiarization and four acquisition sessions were
carried out using the MWM. During the familiarization
session and acquisition phase of experiment, each mou-
se underwent three trials. The delay between trials was 60

seconds, and a 1-day interval was used between each sessi-
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on. For each trial, the mouse was removed from the home
cage and placed in the water maze at one of three random-
ly determined locations with its head facing the center of
the water maze. After the mouse had found and climbed
onto the platform, the trial was terminated and the esca-
pe latency was recorded. If the mouse did not climb onto
the platform in 60 seconds, the trial was terminated, and
experimenter guided the mouse to the platform; an escape
latency of 60 seconds was recorded. Twenty-four hours af-
ter the final acquisition session, a “probe trial” was used to
assess the spatial memory retention of the location of the
hidden platform. During this trial, the platform was remo-
ved from the maze and the mouse was allowed to search
the pool for 60 seconds. The percent of time spent in each

quadrant was recorded.

Forty nine male inbred BALB/c By] mice were used in
the study. Mice were randomly divided into experimen-
tal groups in MWM test: saline; scopolamine 0,6 mg/kg,
oxybutynine 1 mg/kg, oxybutynine 2 mg/kg, oxybutynine
4 mg/kg and scopolamine 0,6 mg/kg+ oxybutynine 4 mg/
kg. Experimental group consisted of 8 mice except saline
group (n=9). All experiments were performed between
10.00 and 12:00 a.m. All drugs or saline were given 30 min
before the MWM test.

3. Open field test
Since compounds altering motor activity may give fal-
se positive/negative effects in passive avoidance test and
morris water maze test, spontaneous locomotor activity
of mice was evaluated by monitoring the activity of the
animals in an open field. The animals were placed in the
center of the apparatus and behaviors were recorded for
a period of 5 min using the Ethovision-XT video tracking
system. The locomotor activity was evaluated by measu-
ring the total distance moved in the apparatus and the spe-

ed of the animals.

Statistical Analysis

Data were expressed as mean+ S.E.M. (Standart Hata

Ortalamasi) The statistical analysis was performed using
one-way or two-way analysis of The statistical analysis
(InStat Statistical Software Program) was performed using
one-way or two-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test. P<0.05 was considered as

statistically significant.

RESULTS
1. Passive Avoidance Test
There was no significant difference in first day laten-
cy among the groups. The second day latency (retenti-
on latency) significantly differed between the groups [F
(47,5)=19,938 p<0.0001 (Figure. 1). Scopolamine signifi-
cantly shortened the second day latency compared to the
saline group (p<0.001). While oxybutynin (1 mg/kg, 2
mg/kg, and 4 mg/kg) did not show a significant difference
in the retention time on the second day compared to the
control, oxybutynin (4 mg/kg) significantly prolonged the

retention time in scopolamine-treated mice (p<0.001).

Passive Avoidance Test

saline (n=9)

mscop 06 mg/ky (n=8)

Ooks 1 mg/ky (n=8)

Ooks 2 mg/ky (n=8)

Latency Time (s)

moks 4 mg/kg (n=8)

@oks 4 mg'kg + scop
06 mg/ky(n=8)

Drugs

Figure 1: The latency of mice during the passive avoidance
test (PAT). Data are presented as mean * standard error of
the mean (SEM). a: p < 0.001, compared to the saline group
by ANOVA ( Tukey test).

Oks; oxybutynin, scop; scopolamine. (n=8).
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Table 1: The latency of mice during the passive avoidance test (PAT). Data are presented

as mean =* standard error of the mean (SEM). a: p < 0.001, compared to the saline group by ANOVA ( Tukey test).

Drugs ME::ECSY,SK/I No of mice p

Saline 91.15+6.47 9

Scop 0.6 mg/kg 16.45+1.39 8 p<0.001 (saline & scop)
Oks 1 mg/kg 97.47+5.1 8 p>0.05 (saline & oks 1)
Oks 2 mg/kg 101.83+11.10 8 p>0.05 (saline & oks 2)
Oks 4 mg/kg 101.58+10.01 8 p>0.05 (saline & oks 4)
Scop 0.6 +oks 4 mg/kg 80.53£5.59 8 p>0.05 (saline & scop+oks 4)
(Oks; oxybutynin, Scop; scopolamine, Mean + S.E.M; Mean values + Standard Error of Means, No; number)

2. Morris Water Maze Test
There was a significant difference between drug groups or
their combination [Two-way ANOVA post-hoc Tukey test;
(F (48,5) =14,574; p<0.0001; Figure 2] in the time spent in
the target quadrant during the probe trial of the MWM
test when oxybutynine groups were evaluated. Oxybuty-
nin (1 mg/kg, 2 mg/kg, and 4 mg/kg) has no effect on the
time spent in the target quadrant. Scopolamine (0.6 mg/
kg) alone significantly reduced time spent in the target qu-
adrant, but oxybutynin (4 mg/kg) significantly prolonged
time spent in the target quadrant in scopolamine-treated

mice, compared to scopolamine group(p<0.0001).

Morris Water Maze

[}
(8}

@ saline (n=9)

(]
(=]
i

®scop 0.6 mgfky (n=8)

n

Doks 1 mg'kg (n=8)
Doks 2 mglkg (n=8)

moks 4 mglka (n=3)

=]

Time Spent in Target
Quadrant (s)
(5]

o
L

B scop 0.6 mgfky + oks
Drugs 4 mgfkg (n=8)

Figure 2: The time spent in target quadrant during the probe
trial in Morris Water Maze test. Data are presented as mean
+ standard error of the mean (SEM). a: p < 0.001, compared
to the saline group by ANOVA (Tukey test).

Oks; oxybutynin, scop; scopolamine. (n=8).

Table 1: The time spent in target quadrant during the probe trial in Morris Water Maze test. Data are presented as mean * standard error of
the mean (SEM). a: p < 0.001, compared to the saline group by ANOVA (Tukey test).

Drugs Time Spﬁz ;11 tjrsgg[ I\(}Iuadrant (s) No of mice .

Saline 17.88+0.45 9

Scop 0.6 mg/kg 20.25+1.19 8 p<0.001 (saline & scop)

Oks 1 mg/kg 7.25%1.72 8 p>0.05 (saline & oks 1)

Oks 2 mg/kg 20.62+1.28 8 p>0.05 (saline & oks 2)

Oks 4 mg/kg 21.37£2.10 8 p>0.05 (saline & oks 4)

Scop 0.6 +oks 4 mg/kg 19.62+1.08 8 p>0.05 (saline & scop+oks 4)
(Oks; oxybutynin, Scop; scopolamine, Mean + S.E.M; Mean values + Standard Error of Means, No; number)
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There was a significant difference between drug groups or
their combination [Two-way ANOVA post-hoc Tukey’s
test; F(48,5)=3,994; p=0,0046; Figure 3] in the mean dis-
tance to the escape platform in the probe trial of the MWM
test when oxybutynine groups were evaluated. There was
no significant effect of oxybutynin (1 mg/kg, 2 mg/kg, and
4 mg/kg) on the mean distance to the escape platform in
naive mice. Scopolamine significantly increased the mean
distance to the escape platform, while oxybutynin (4 mg/
kg) significantly decreased the mean distance to the escape
platform in scopolamine-treated mice, compared to sco-

polamine group (p<0.05).

Morris Water Maze Test

B saline (n=9)

mscop 0.6 mg'kg (n=8)

Ooks 1 mgfky (n=8)
Ooks 2 mgfky (n=0)

moks 4 mg/kg (n=8)

Mean Distance to Platform

Bscop 0.6 mykg + oks
Drugs 4 mgfky (n=8)

Figure 3: The mean distance of platform in Morris Water
Maze test. Data are presented as mean + standard error of
the mean (SEM). a: p < 0.001, compared to the saline group
by ANOVA (Tukey test).

Oks; oxybutynin, scop; scopolamine. (n=8).

Table 3: The mean distance of platform in Morris Water Maze test. Data are presented as mean * standard error of the mean (SEM). a: p <
0.001, compared to the saline group by ANOVA (Tukey test).

Drugs Mean dﬁ::;eit(s)lglh;;[form (cm) No of mice p

Saline 30.58+1.16 9

Scop 0.6 mg/kg 40.57+3.42 8 p<0.001 (saline & scop)

Oks 1 mg/kg 32.96+2.32 8 p>0.05 (saline & oks 1)

Oks 2 mg/kg 31.1+£3.37 8 p>0.05 (saline & oks 2)

Oks 4 mg/kg 26.53+1.44 8 p>0.05 (saline & oks 4)

Scop 0.6 +oks 4 mg/kg 29.1+£1.77 8 p>0.05 (saline & scop+oks 4)
(Oks; oxybutynin, Scop; scopolamine, Mean + S.E.M; Mean values + Standard Error of Means, No; number)
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3. Effects of drugs on locomotor activity
in the open field test
It is well known that the effects of drugs on learning and
memory can be also evoked by drugs which induce hy-
peractivity or hypoactivity.13 Thus, the influence of all
the above treatments on the locomotor activity was con-
currently evaluated. Neither oxybutynine (1, 2 and 4 mg/
kg) nor scopolamine modified the total distance moved
[F(47,5)=2,117; Figure 4] in the open field test.

Locomotor Activity
2500 msaline (n=8)

3 2000 mscop 06 mafky (n=8)
®
E 1500 + Ooks 1 mglkg (n=8)
]
§ 1000 1 Doks 2 mgkg (n=8)
=
= 500 A moks 4 mgky (n=8)

o- @scop 06 mgfky + oks

Drugs 4 mg/ky (n=8)

Figure 4: Effect of drugs on total distance traveled in loco-
motor activity test. Data are presented as mean + standard
error of the mean (SEM).

Oks; oxybutynin, scop; scopolamine. (n=8).

DISCUSSION

The motor nerve supply to the bladder is via the parasy-
mpathetic nervous system, which affects detrusor muscle
contraction. This is mediated by acetylcholine acting on
muscarinic receptors (M1, M2 and M3) subtypes at the
level of the bladder activity. OAB occurs due to abnormal
contractions of the bladder detrusor muscle caused by
the stimulation of specific muscarinic receptors by acety-
Icholine. The rationale for using anticholinergic drugs in
the treatment of overactive bladder syndrome is to block
the parasympathetic acetylcholine pathway and thus abo-
lish or reduce the intensity of detrusor muscle contracti-
on.14,15,16,17

The passive avoidance test is useful for the evaluation of
cognitive performance (learning and memory) and is ba-
sed on the natural tendency of rodents. Rodents inherently
tend to be in the dark environment. The animals avoid
moving from the illuminated to the dark compartment of
apparatus as they learn that they will be exposed to electric
shocks in the dark section. There is a positive correlation
between cognitive performance and the latency to moving

from the illuminated compartment, the better the memory

Table 3: Effect of drugs on total distance traveled in locomotor activity test. Data are presented as mean + standard error of the mean
(SEM).

Drugs Dls;r:;itiagil;i (em) No of mice p

Saline 1634.37+141.12 8

Scop 0.6 mg/kg 1521.52+111.42 8 p>0.05 (saline & scop)
Oks 1 mg/kg 1760.62+£95.49 8 p>0.05 (saline & oks 1)
Oks 2 mg/kg 1550.87+115.43 8 p>0.05 (saline & oks 2)
Oks 4 mg/kg 1908.53+92.44 8 p>0.05 (saline & oks 4)
Scop 0.6 +oks 4 mg/kg 1846.25+92.91 8 p>0.05 (saline & scop+oks 4)
(Oks; oxybutynin, Scop; scopolamine, Mean + S.E.M; Mean values + Standard Error of Means, No; number)
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performance the longer the the latency. The Morris water
maze is one of the most widely used behavioral test to exa-
mine the effects of drugs on spatial memory and learning
which is related to hippocampus and long-term potentia-
tion.' In this test, animals are expected to solve the maze

needed to escape from water.

Some experimental models related to impairing cognitive
functions have been developed. These models are widely
used to reveal the effects of drugs that have therapeutic
potential to treat cognitive disorders. Scopolamine or di-
zocilpine has frequently been used in cognition models to
induce impairment and identify the potential of test com-
pounds to reverse these impairments. In the present study,
Scopolamine impaired cognitive functions. As in previous
studies, scopolamine has caused a decrease in latency time
in passive avoidance test; in other words, it has impaired
cognitive functions. However, oxybutynin (1 mg/kg, 2
mg/kg, and 4 mg/kg) did not show a significant difference
in the retention time on the second day compared to the
control, but Oxybutynin (4 mg/kg) significantly prolonged
the retention time in scopolamine-treated mice. As a re-
sult, oxybutynin ameliorated cognitive functions impaired
by scopolamine, but did not cause improvement in rats

with cognitive functions.

It has been shown in previous studies that NMDA receptor
antagonists MK-801 and phencyclidine impair acquisition
learning and reference memory in the MWM test.'** Also,
scopolamine also impaires learning and reference memory
in the MWM test.! Oxybutynin (1 mg/kg, 2 mg/kg, and 4
mg/kg) has no effect on the time spent in the target quad-
rant. Scopolamine (0.6 mg/kg) alone significantly reduced
time spent in the target quadrant, but oxybutynin (4 mg/
kg) significantly prolonged time spent in the target quad-
rant in scopolamine-treated mice. And also there was no
significant effect of oxybutynin (1 mg/kg, 2 mg/kg, and
4 mg/kg) on the mean distance to the escape platform in
naive mice. Scopolamine significantly increased the mean

distance to the escape platform, while oxybutynin (4 mg/

kg) significantly decreased the mean distance to the escape

platform in scopolamine-treated mice.

Overall, the data presented in this article suggest that oxy-
butynin had no effect on learning and memory, also rever-
sed the learning and memory impaired with scopolamine.
Further preclinical and clinical studies with oxybutynin
should be done to support all these hypothesis and these
findings will open new horizons to develop drugs for OAB

in the future.
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