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Abstract:
Background: Parkinson disease is the most common neurodegerative disease in the world
after Alzheimer disease. The most important cause of Parkinson's is damage to
dopaminergic cells in the midbrain area. Glibenclamide is a second-generation sulfonylurea;
it has an inhibitory effect on surface and mitochondrial KATP channels. Many reports indicate
that glibenclamide can have neuroprotective effects in many neurodegenerative disorders.
Methods: In the present study, we investigated the effect of glibenclamide pretreatment on
behavioral symptom in 6-hydroxydopamine-induced animal model. Rats were divided into 4
groups (n=8 per group). Group (I): control without intervention Group (II): Vehicle, Group (III):
received as pretreatment glibenclamide (3 mg/kg) i.p from begining of surgery until 4 weeks
every day. Group (IV): received as pretreatment glibenclamide (8 mg/kg). In all group except
healthy group received 6-OHDA by stereotaxic surgery. Development and severity of
Parkinson disease were evaluated by apomorphine-induced rotational and rotarod
behavioral tests.
Results: Our result showed that in two behavioral tests, pretreatment with glibenclamide
could attenuate severity of Parkinson disease in treatment groups. There was no significant
difference between treatment groups with different doses of glibenclamide.
Conclusion: our data showed pretreatment with KATP channel blockers reduces the
severity of Parkinson's symptoms caused by the OHDA-6 model in rats in behavioral studies.
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Introduction
Parkinson's disease (PD) is the second most
common neurodegenerative disease after
Alzheimer's disease(1, 2). Parkinson is a
debilitating neurological disorder that affects
about four million people in the worldwide.
This disorder determined by selective
degeneration of dopaminergic midbrain
neurons, especially in the substantia nigra pars
compacta (SNpc)(3). Parkinson's is
characterized by two or more of the four main
symptoms of the disease. Tremor of the limbs
at rest, slowness of movement, stiffness of the
limbs and body, and impaired posture and
balance are the four main symptoms(4).
Studies suggest that mitochondrial dysfunction
and oxidative stress play important roles in this
disease(5). There is currently no known cure
for this disease. Glibenclamide is a second-
generation sulfonylurea; it has an inhibitory
effect on surface and mitochondrial KATP
channels. Glibenclamide suppresses neutrophil
migration by suppressing the acute
inflammatory response by blocking the KATP
channel (6, 7). Studies have shown
Glibenclamide could inhibit pathways that lead
to renal ischemic reperfusion injury (7). Many
reports indicate that glibenclamide can have
neuroprotective effects in many neurodeg-
enerative disorders (8-11). KATP channels are
widely distributed in the brain, especially in
the cortex, basal ganglia, hypothalamus and
hippocampus. However, there is few studies
have evaluated the effect of ATP-dependent
potassium channel blockers in the animal
model of PD. Therefore, in the present study,
we investigated the effect of Glibenclamide
pretreatment on behavioral symptom in 6-
Hydroxydopamine-induced animal model.

Material and Methods
Animals
Forty rats (weight: 200-250 gr) were used in
this study. They were housed under a 12 h
light/dark cycle in a room with controlled

temperature. Water and food were provided ad
libitum. The present study by Tehran
University of Medical Sciences (ID:
IR.TUMS.MEDICINE.REC.1398.344). Rats
were divided into 4 groups (n=8 per group).
Group (I): control without intervention Group
(II): Vehicle received ethanol intraperitoneally
as solvent of glibenclamide, Group (III): rats
were received 6-hydroxydopamine by
stereotaxic to induce Parkinson in animals with
4 weeks recovery and received as pretreatment
glibenclamide (3 mg/kg) i.p from begining of
surgery until 4 weeks every day. Group (IV):
rats were received 6-hydroxydopamine by
stereotaxic to induce Parkinson in animals with
4 weeks recovery and received as pretreatment
glibenclamide (8 mg/kg) i.p from beginning of
surgery until 4 weeks every day. All
pretreatments were started one day before 6-
OHDA injection and continued up to 4 weeks
after that.

Surgical Procedures
All animals except of healthy group received
6-OHDA with stereotaxic surgery. To induce
Parkinson, rats were anesthetized with
ketamine (70 mg/kg) + xylazine (10 mg/kg)
and then, were placed in stereotaxic instrument.
After shaving and puncturing of the skull, 4 μl
of 6-OHDA (4 μg/ml) was injected via
Hamilton syringe into four region of right
striuatum. Coordinates for injections were
anterior/posterior (AP): 1.5 mm, lateral (L):
-2.5 mm, dorsal/ventral (DV): -6 mm and AP:
0.8 mm, L: -3 mm, DV: -6 mm, and AP: 0.1
mm, L: -3.2 mm, DV: -6 mm and AP: -0.5 mm,
L: -3.6 mm and DV: -6 mm. AP and L were
measured from bregma and DV from the
surface of skull according to the atlas of
Paxinos and Watson . After 3 weeks recovery,
animals entered the behavioral study.

Apomorphine-Induced Rotational Test
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In this behavioral study, injection of 6-OHDA
toxin causes extensive neuronal damage in the
midbrain. 2 to 4 weeks after surgery, rats show
rotation movements toward the injection site
in response to the injection of apomorphine (a
dopaminergic receptor agonist). The number
of these rotations per unit time is a way to
measure of the severity of neuronal damage in
the midbrain and the effect of the intervention.
To perform this test, the rats were first placed
inside a transparent Plexiglas cylinder with
dimensions of 28 cm in diameter and 38 cm in
height and were given 5 minutes to adapt to the
environment. Apomorphine hydrochloride (0.5
mg/kg, ip) was injected to rats, and 1 minute
after that, the number of turns toward the
injection site (negative number) or other site
(positive number) calculated for 1 hour at 10-
minute intervals. Contralateral and ipsilateral
rotations (away and toward the lesioned side,
respectively) were counted as positive and
negative scores and the net number of rotations
defined as the positive scores minus the
negative ones. The rotations was measured in
the second, fourth and eighth weeks post-
surgery(12).

Rotarod test
In this test, the motor ability, balance and also
motor learning of animals are evaluated. The
rotarod device consists of a rotating rod that
rotation speed increases over time. The length
of time the animal stays on the bar is calculated
as the function of the animals. In this study, the
test duration was 200 seconds, which the
rotational speed of the rotating rod started from
5 rpm, and within 120 seconds, it reached a
maximum speed of 40 rpm, and the rest of the
test, time remained at the maximum speed. The
test was performed 2 times a day for 3
consecutive days. In order to prevent fatigue in
rats, at least 60 minutes interval between test
sessions was considered every day(13).
Rotarod test data are presented based on the

area under the curve (AUC), which is
calculated based on the following formula:

AUC= time on the rod (s)×[time on the
rod(s)×0.44/2]

Note: 0.44 is the acceleration speed per second.

Statistical analysis
To analyze of data, we used the software of
GraphPad Prism 7.0. All data were shown with
Mean±SEM. We were first analyzed data by
Kolmogorov-Smirnov test to assess the
normality of the data. Since distribution was
not normal, to compare the results of between
groups in study we used Kruskall–Wallis
nonparametric ANOVA followed by
Mann–Whitney U test. A P value≤0.05 was
considered statistically significant

Result
Rotational behavior
In All experimental groups, rats showed an
asymmetrical rotation toward the injection site.
More than 30 rotation toward the injection site
is a symptom that rats have Parkinson disease.
So treatment with glibenclamide just decrease
asymmetric rotational and attenuate the
severity of Parkinson disease in treatment
groups but they cannot prevent completely
from induction of Parkinson disease (Table 1).
In treatment group with glibenclamide, net
contralateral rotation was significantly more
than vehicle group (P<0.05). There is not a
significant difference between Low (3 mg/kg)
and high glibenclamide dose (8 mg/kg) in
attention of asymmetric rotational movement
(Figure 1). These data showed high dose of
glibenclamide no more improvement is
achieved in comparison with lower dose. So,
glibenclamide could prevent the development
of 6-OHDA-induced model of Parkinson
disease in animals.

Rotarod test
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In the healthy group, the performance of rats in
each session was better than in the previous
sessions and the rat reached its maximum
performance in sessions 4 to 6. These data
showed in healthy group motor learning of
rotarod test was completely happened. All 6-
OHDA-treated rats showed some degree of
motor learning, but no significant differences
were observed between 6-OHDA-treated rats
and healthy rats. None of the 6-OHDA rats (as
expected) reached peak performance even in
the last session (vehicle group, Low Glib and
high glib groups). In all behavioral tests, there
was no significant difference between the low
glib and high glib groups, indicating that
increasing the dose of glib to more than 3 mg /
kg did not potentiate its anti-Parkinson effect
(Figure 2).

Discussion
In the present study, we showed that
pretreatment of rats with glibenclamide
reduced the severity of 6-OHDA-induced
behavioral symptoms of Parkinsonism. There
are a lot of evidences that there is a relationship
between nigral cell death and the severity of
behavioral symptoms in Parkinson disease.
The rotational test, which is the most valid 6-
OHDA-induced Parkinson's assessment test
and also there is a inversive relationship
between substantia nigra (SN) lesions, and
duration of time which rats spent on the
spinning wheel in the Rotarod test.Based on
this evidence, we suggest that pretreatment
with Glib has a neuroprotective
(neuroprotective) effect on SN lesions and
reduces the neurotoxic effect of 6-OHDA on
SN-dependent dopaminergic (DA) neurons. In
confirmation of our results, several studies
show that inhibition of KATP channels
provides a neuroprotective effect in Parkinson
disese. Lee et al.2005 (9) showed that
glibenclamide reduced the cytotoxicity of
MPP+ in PC12 cells by suppressing changes in
mitochondrial membrane permeability.

Another study on Stroke models in rats showed
glibenclamide treatment can reduce cerebral
edema, myocardial infarction and mortality by
up to 50%(14). Studies on midbrain DA
neurons also show that blocking KATP
channels protects these neurons from
neurodegenerative diseases. In contrast, the
evidence presented revealed that opening and
activating (rather than blocking) KATP
channels protects neurons from neurotoxins.
Nagy et al. 2004 (15) reported that K + channel
opener dioxide protects neurons from the
toxicities of amyloid beta peptide, and
glutamate. This effect was inhibited by 5-
HydroxyDecanoate, a selective mitochondrial
KATP channel inhibitor and glibenclamide.
Several other studies have shown that the
KATP channel opener provides significant
neuroprotection in various animal models of
Stroke and Parkinson disease (16-18). This
difference in the role of KATP channels in
neuroprotection may be due to the nature of
neuronal action. For example, under
physiological conditions, midbrain DA
neurons show the onset of spontaneous action
potential, and many KATP channels are closed,
at least in in vitro brain sections. Activation of
KATP channels hyperpolarizes DA neurons,
resulting in a complete loss of their normal
pacemaker activity. It is suggested that in PD,
a chronic decrease in neuronal activity may not
be neuroprotective at first step, but it may
reduce the effect of some genes that it may
result to increase the chance of survival, such
as neurotrophins. In this regard, Another study
showed that continuous activity of KATP
channels may increase nerve damage
specically DA neurons(8). Thus, activation of
KATP channels can play an unexpected role in
the progressive death of DA neurons in chronic
diseases. Several mechanisms have been
proposed for the neuroprotective effect of
glibenclamide. It has been reported that
glibenclamide inhibits the activation of
endothelial caspase-3. Caspase-3 has been
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defined as a major cause of activation of
apoptotic pathways. Glibenclamide also
suppresses the inflammatory response, by
inhibition of proinflammatory cytokines (14,
19). Also, glibenclamide has an antioxidant
effect independent of the blocking effect of
KATP activity (20, 21). 6-OHDA can inhibit
mitochondrial complexes 1 and 4, leading to
Mitochondrial dysfunction and ATP deficiency
which can produce neurodegenerative effects
by keeping the KATP channels active(22, 23).
In Conclusion based on our data, pretreatment
with KATP channel blockers reduces the
severity of Parkinson's symptoms caused by
the OHDA-6 model in rats in behavioral
studies.

References
1.Aarsland D, Marsh L, Schrag A.
Neuropsychiatric symptoms in Parkinson's
disease. Movement disorders: official
journal of the Movement Disorder Society.
2009;24(15):2175-86.

2.Mehrabadi S, Sadr SS. Administration of
Vitamin D3 and E supplements reduces
neuronal loss and oxidative stress in a model
of rats with Alzheimer’s disease.
Neurological Research. 2020;42(10):862-8.

3.Fearnley JM, Lees AJ. Ageing and
Parkinson's disease: substantia nigra
regional selectivity. Brain.
1991;114(5):2283-301.

4.Sveinbjornsdottir S. The clinical symptoms
of Parkinson's disease. Journal of
neurochemistry. 2016;139:318-24.

5.Politis M, Wu K, Molloy S, G. Bain P,
Chaudhuri KR, Piccini P. Parkinson's
disease symptoms: the patient's perspective.
Movement Disorders. 2010;25(11):1646-
51.

6.Da Silva-Santos JE, Santos-Silva MC, de
Queiroz Cunha F, Assreuy J. The role of
ATP-sensitive potassium channels in
neutrophil migration and plasma exudation.

Journal of Pharmacology and Experimental
Therapeutics. 2002;300(3):946-51.

7.Pompermayer K, Amaral FA, Fagundes
CT, Vieira AT, Cunha FQ, Teixeira MM, et
al. Effects of the treatment with
glibenclamide, an ATP-sensitive potassium
channel blocker, on intestinal ischemia and
reperfusion injury. European journal of
pharmacology. 2007;556(1-3):215-22.

8.Kim C-H, Park S-H, Sim Y-B, Kim S-S,
Kim S-J, Lim S-M, et al. Effect of
tolbutamide, glyburide and glipizide
administered supraspinally on CA3
hippocampal neuronal cell death and
hyperglycemia induced by kainic acid in
mice. Brain research. 2014;1564:33-40.

9.Lee CS, Kim YJ, Ko HH, Han ES.
Inhibition of 1-methyl-4-phenylpyridinium-
induced mitochondrial dysfunction and cell
death in PC12 cells by sulfonylurea
glibenclamide. European journal of
pharmacology. 2005;527(1-3):23-30.

10.Rodriguez-Pallares J, Parga JA, Joglar B,
Guerra MJ, Labandeira-Garcia JL.
Mitochondrial ATP-sensitive potassium
channels enhance angiotensin-induced
oxidative damage and dopaminergic neuron
degeneration. Relevance for aging-
associated susceptibility to Parkinson’s
disease. Age. 2012;34(4):863-80.

11.Toulorge D, Guerreiro S, Hirsch EC,
Michel PP. KATP channel blockade
protects midbrain dopamine neurons by
repressing a glia‐to‐neuron signaling
cascade that ultimately disrupts
mitochondrial calcium homeostasis. Journal
of neurochemistry. 2010;114(2):553-64.

12.Jerussi TP, Glick SD. Apomorphine-
induced rotation in normal rats and
interaction with unilateral caudate lesions.
Psychopharmacologia. 1975
1975/12/01;40(4):329-34.

13.Shiotsuki H, Yoshimi K, Shimo Y,
Funayama M, Takamatsu Y, Ikeda K, et al.
A rotarod test for evaluation of motor skill

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

25
-0

2-
08

 ]
 

                               5 / 8

http://intjmi.com/article-1-830-en.html


Int J Med Invest 2022; Volume 11; Number 2; 93-100 http://intjmi.com

learning. Journal of neuroscience methods.
2010;189(2):180-5.

14.Simard JM, Geng Z, Woo SK, Ivanova S,
Tosun C, Melnichenko L, et al.
Glibenclamide reduces inflammation,
vasogenic edema, and caspase-3 activation
after subarachnoid hemorrhage. Journal of
Cerebral Blood Flow & Metabolism.
2009;29(2):317-30.

15.Nagy K, Kis B, Rajapakse NC, Bari F,
Busija DW. Diazoxide preconditioning
protects against neuronal cell death by
attenuation of oxidative stress upon
glutamate stimulation. Journal of
neuroscience research. 2004;76(5):697-704.

16.Yang Y-L, Meng C-H, Ding J-H, He H-R,
Ellsworth K, Wu J, et al. Iptakalim
hydrochloride protects cells against
neurotoxin-induced glutamate transporter
dysfunction in in vitro and in vivo models.
Brain research. 2005;1049(1):80-8.

17.Yang Y, Liu X, Ding J-H, Sun J, Long Y,
Wang F, et al. Effects of iptakalim on
rotenone-induced cytotoxicity and
dopamine release from PC12 cells.
Neuroscience letters. 2004;366(1):53-7.

18.Chai Y, Niu L, Sun X-L, Ding J-H, Hu G.
Iptakalim protects PC12 cell against H2O2-
induced oxidative injury via opening
mitochondrial ATP-sensitive potassium
channel. Biochemical and biophysical
research communications.
2006;350(2):307-14.

19.Zhang G, Lin X, Zhang S, Xiu H, Pan C,
Cui W. A protective role of glibenclamide

in inflammation-associated injury.
Mediators of inflammation. 2017;2017.

20.Elmalí E, Altan N, Bukan N. Effect of the
sulphonylurea glibenclamide on liver and
kidney antioxidant enzymes in streptozocin-
induced diabetic rats. Drugs in R & D.
2004;5(4):203-8.

21.Erejuwa OO, Sulaiman SA, Wahab MSA,
Sirajudeen KNS, Salleh MSM, Gurtu S.
Antioxidant protective effect of
glibenclamide and metformin in
combination with honey in pancreas of
streptozotocin-induced diabetic rats.
International journal of molecular sciences.
2010;11(5):2056-66.

22.Blum D, Torch S, Lambeng N, Nissou M-
F, Benabid A-L, Sadoul R, et al. Molecular
pathways involved in the neurotoxicity of
6-OHDA, dopamine and MPTP:
contribution to the apoptotic theory in
Parkinson's disease. Progress in
neurobiology. 2001;65(2):135-72.

23.Soto‐Otero R, Méndez‐Álvarez E,
Hermida‐Ameijeiras Á, Muñoz‐Patiño AM,
Labandeira‐Garcia JL. Autoxidation and
neurotoxicity of 6‐hydroxydopamine in the
presence of some antioxidants: potential
implication in relation to the pathogenesis
of Parkinson's disease. Journal of
neurochemistry. 2000;74(4):1605-12.

Tables

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

25
-0

2-
08

 ]
 

                               6 / 8

http://intjmi.com/article-1-830-en.html


Int J Med Invest 2022; Volume 11; Number 2; 93-100 http://intjmi.com

Table 1: Net contralateral rotations in three different test days. The tests was measured
in the second, fourth and eighth weeks post-surgery

control vehicle Low Glib High Glib
Test-1 209 228 193 194
Test-2 220 211 137 136
Test-3 190 198 130 125

Figure 1. Apomorphine-induced net contralateral rotations of different experimental
groups in the second (upper plot), fourth (middle plot) and eighth (lower plot) weeks
post-surgery.data are expressed as means±S.E of animals in each group.
*, P < 0.05 compared to vehicle group; Kruskall-Wallis nonparametric test followed by Mann-
Whitney U test.
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Figure 2. Motor performance of different groups of rats in rotarod test was examined
in three consecutive days and two sessions a day. Since control and vehicle groups
of rats showed almost similar results, only data of vehicle group are shown.
*, P < 0.05; **, P< 0.01 , *** P<0.001 compared to vehicle group; Kruskall-Wallis
nonparametric test followed by Mann-Whitney U test; AUC, area under the curve; R1 - R6,
sessions of the test; R1, first session and R6, last session
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