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Research Paper: The Anti-Parkinsonism Effects of KATP 
Channel Blockade in the 6-Hydroxydopamine-Induced 
Animal Model: The Role of Oxidative Stress

Introduction: Studies suggest that ATP-sensitive potassium (KATP) channels are a potential 
pharmacotherapeutic target for neuroprotection in neurodegenerative diseases. The current 
study aimed at evaluating the effect of pretreatment with glibenclamide (Glib) and B vitamins 
supplement on the severity of behavioral symptoms in 6-hydroxydopamine (OHDA)-induced 
Parkinsonism. Also malondialdehyde (MDA) concentration was measured in the blood and brain 
suspensions to find probable neuroprotective mechanism of Glib.

Methods: The 6-OHDA was injected into striatum of rats by stereotaxic surgery. Treatment 
with Glib and B vitamins was started before the surgery and continued up to 3 weeks after that. 
Development and severity of Parkinsonism were evaluated by conventional behavioral tests. 
MDA values were measured spectrophotometrically using thiobarbituric acid and MDA standard 
curve.

Results: Pretreatments with Glib, at both doses of 1 and 5 mg/kg or B vitamins significantly 
ameliorated severity of the behavioral symptoms. Pretreatment with a combination of Glib and B 
vitamins was more effective than pretreatment with Glib or B vitamins alone. Also, pretreatment 
with B vitamins, Glib, or a combination of them reduced MDA concentration in the brain 
suspensions. Decrease in MDA concentration in the group of rats that received a combination of B 
vitamins and Glib was more prominent than that of the Glib groups. 

Conclusion: As severity of the behavioral symptoms in the 6-OHDA-induced Parkinsonism 
reflects the degree of the lesion in Substantia Nigra (SN) dopaminergic neurons, it is suggested 
that Glib pretreatment has neuroprotective effect against 6-OHDA-induced neurotoxicity. The 
current study data also showed that this effect may be mediated by antioxidant effect of Glib. 
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1. Introduction

arkinson Disease (PD) is a common neu-
rodegenerative movement disorder char-
acterized by selective degeneration of 
dopaminergic (DA) midbrain neurons, 
mainly in the substantia nigra pars com-

pacta (SNpc). Although the molecular pathogenesis of 
PD and the basis for selective DA neuronal loss are con-
troversial, studies suggest that mitochondrial dysfunc-
tion and oxidative stress play important roles (Jenner 
and Olanow 1996; Tatton 2000; Du Lau et al., 2005; 
Hancock et al., 2007). 

ATP-sensitive potassium (KATP) channels are suggested 
as a potential pharmacotherapeutic target for neuropro-
tection in some neurodegenerative diseases, including 
PD (Liss and Roeper 2001; Wang, Hu, Yang, Ding, & Hu, 
2005). KATP channels are present in both plasma mem-
brane and mitochondrial inner membrane, and are acti-
vated by a decrease in ATP/ADP ratio. They stabilize the 
membrane potential and mitochondrial matrix volume 
during ATP decline (Liss and Roeper 2001; Kou, Klorig, 
& Bloomquist, 2006). KATP channels are widely distrib-
uted in the brain, especially in the cortex, basal ganglia, 
hippocampus, and hypothalamus (Mourre, Widmann, & 
Lazdunski, 1990; Dunn-Meynell and Rawson 1998). 

The density of mitoKATP channels in brain neurons 
is 7-fold higher than that of the heart cells, indicating 
that these channels play an essential role in the CNS 
physiology and pathology (Chai, Niu, Sun, Ding, & Hu, 
2006). In the brain, level of KATP channels is higher in 
the basal ganglia (Mourre et al., 1990; Dunn-Meynell 
and Rawson, 1998) and studies show that DA neurons in 
the SNpc have a high density of KATP channels (McGro-
arty and Greenfield, 1996). Dopamine, in turn, regulates 
KATP channels in the cells dissociated from SN (Greif, 
Lin, Liu, & Freedman1995; McGroarty and Greenfield 
1996). Also, tolbutamide, a selective KATP channel block-
er, antagonizes D2 receptor agonist-induced hyperpolar-
ization (Roeper, Hainsworth, & Ashcroft, 1990).

Glibenclamide (Glib), a second generation sulfonylurea, 
exhibits an inhibitory effect on surface and mitochondrial 
KATP channels (Busija et al., 2004). Glib suppresses neutro-
phil migration and chemotaxis following acute inflamma-
tory response by blocking the KATP channels (Da Silva-San-
tos, Santos-Silva, Cunha, & Assreuy, 2002; Pompermayer 
et al., 2007). Glib also has an antioxidant effect, which 
is independent of its KATP blocking activity (Nazaroglu, 
Sepici-Dincel, & Altan, 2009; Al-Azzam, Abdul-Razzak, 
& Jaradat, 2010). Studies show that Glib ameliorates dam-

age caused by renal and intestinal Ischemic Reperfusion 
(IR) injury (Pompermayer et al., 2005; Pompermayer et 
al., 2007). Several authors reported that Glib also provides 
neuroprotective effects (Lee, Kim,  Ko, & Han, 2005; Si-
mard et al., 2006; Toulorge, Guerreiro, Hirsch, & Michel, 
2010; Rodriguez-Pallares, Parga, Joglar, Guerra, & Laban-
deira-Garcia, 2011; Kim et al., 2014). 

Regarding PD, however, most of the studies examined 
either the effect of KATP channels in cellular models of PD 
or the role of these channels in regulating neurotransmit-
ters in PD-related brain regions. Few studies that evalu-
ated the effect of KATP channel blockers on the animal 
models of PD mainly focused on the effect of posttreat-
ment with these blockers and their pretreatment effect is 
largely unknown. Therefore, the current study evaluated 
the effect of pretreatment with Glib on the severity of be-
havioral symptoms in 6-OHDA-induced Parkinsonism. 
The study also evaluated the effect of pretreatment with 
a combination of Glib and B vitamins supplement, be-
cause it was shown that B vitamins supplementation can 
reduce the severity of behavioral symptoms in 6-OHDA-
induced Parkinsonism (Haghdoost-Yazdi, Fraidouni, 
Faraji, Jahanihashemi, & Sarookhani, 2012; Haghdoost-
Yazdi et al., 2014). To find probable neuroprotective 
mechanism of Glib, the study measured the concentra-
tion of MDA, which is a biomarker of lipid peroxidation 
and oxidative stress both in serum and in a suspension 
prepared from midbrain portion of the brain of rats.  

2. Methods

2.1. Animals and experimental groups 

Male Wistar rats, provided from Razi Institute (Karaj, 
Iran) and weighted 250 to 300 g at the onset of the in-
tervention, were housed in large cages (38×59×20 cm) 
at a temperature-controlled colony room under 12:12 
hours light/dark cycle with free access to tap water and 
food in the form of pellets. All procedures carried out 
throughout this project were according to the guidelines 
of animal experiments of Research Council at Qazvin 
University of Medical Sciences, Qazvin, Iran.

Animals were divided into 6 experimental groups as fol-
lows: control (Con, n=9) without any pretreatment; vehi-
cle (Veh, n=10) received ethanol as the solvent of Glib; B 
vitamins (B vit., n=9) received a complex of B vitamins 5- 
fold more than that of normal MEM (minimum essential 
medium); low Glib (n=9) and high Glib (n=9) received 
low dose (1 mg/kg) and high dose (5 mg/kg) of Glib, re-
spectively; B vit.+Glib (n=9) received both a high dose of 
Glib and a complex of B vitamins, 5- fold more than that 
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of normal MEM. Additional B vitamins were dissolved in 
drinking water as described before (Haghdoost-Yazdi et 
al., 2012). Ethanol and Glib were daily administrated, in-
traperitoneally (i.p). In addition, the data of another group 
of rats (n=8), marked as healthy rats, were also used to 
analyze the data obtained from rotarod test. This extra 
group consisted of intact rats subjected to no interven-
tion and did not receive 6-OHDA. All of the B vitamins, 
Glib, 6-OHDA, and apomorphine were purchased from 
SIGMA-ALDRICH Company (Germany).

2.2. Experimental design

All animals (except healthy rats) were subjected to stereo-
taxic surgery and received 6-OHDA into their brains. All 
of pretreatments were performed before 6-OHDA injection 
and continued up to 3 weeks after that (Figure 1). Apo-
morphine-induced rotational test and elevated body swing 
test (EBST) were performed during the second, fourth, and 
eighth weeks post-surgery. Rotarod test was performed dur-
ing the 6th week post-surgery. Blood sampling and MDA 
assay were performed after rotarod test. After completion 
of the behavioral tests, animals were decapitated and MDA 
concentrations in the brain tissues were measured.

2.3. Surgical procedures

Rats were anesthetized by injection of ketamine (100 
mg/kg) and xylazine (5 mg/kg), intraperitoneally. Then, 
4 μL of 6-OHDA dissolved in isotonic saline contain-
ing 0.2 mg/mL of ascorbic acid was administrated into 
4 sites in the right striatum using stereotaxic apparatus 
(Stoelting, USA) by a 10-μL Hamilton syringe. Coordi-
nates for 6-OHDA injections were AP: 1.5, L: -2.5, DV: 
-6, and AP: 0.8, L: -3, DV: -6, and AP: 0.1, L: -3.2, DV: 
-6, and AP: -0.5, L: -3.6, DV: -6. AP and L were evalu-
ated from bregma and DV was assessed from the surface 
of skull according to the atlas of Paxinos and Watson 
(2007). In the end of surgery, the needle of the Hamilton 
syringe was left in the brain for an additional 5 minutes 
and, then, withdrawn at a rate of 1 mm/min. 

2.4. Behavioral testing

2.4.1. Apomorphine-Induced Rotational Test

Apomorphine-induced rotational test was carried out 
according to the method described by Fujita et al. (1996). 
Briefly, animals were 1st habituated for 5 minutes and, 
then, apomorphine hydrochloride (0.5 mg/ kg, i.p., dis-
solved in saline followed by injection) was administrat-
ed. A minute later, the number of rotations was counted 
for 1 hour in a cylindrical container (28 cm in diameter 

and 38 cm in height). Contralateral and ipsilateral rota-
tions (far away and toward the lesion side, respectively) 
were recorded as positive and negative scores and the net 
number of rotations was calculated by subtraction of the 
negative scores from the positive ones. 

2.4.2. Elevated Body Swing Test 

The 6-OHDA treated rats showed swinging behavior bi-
ased ipsilateral or contralateral to the lesion side. More bi-
ased swings indicated more severe lesion in the Substantia 
Nigra (SN) dopaminergic neurons. The EBST was carried 
out according to a method described before (Borlongan, 
Randall, Cahill, & Sanberg, 1995). Briefly, the animal 
was habituated for 10 minutes to place all 4 paws on the 
floor. Then, the animal was held at the base of its tail and 
lifted up 2 cm above the surface. The neutral position was 
defined as no deviation of more than 10° to each side. A 
swing was recorded when the rat moved its body out of 
the neutral position to each side. Before starting another 
swing, the rat should be recovered. Swings were counted 
for a period of 1 minute. During the test, one person held 
the time and recorded the direction and the number of 
swings, while another person held the animal. All groups 
were blind for the procedures. Biased, swings were calcu-
lated as follows: L/(L+R) (%) for left-biased swings and 
R/(R+L) (%) for right-biased swings (L=number of left-
biased swings, R=number of right-biased swings).

2.4.3. Rotarod Test

Rotarod test (M.T6800, Borj Sanat, Iran) was per-
formed to test the motor performance and the ability of 
animal to acquire motor learning. The test was carried 
out at 6 sessions in 3 consecutive days. Duration of each 
session was maximum 200 seconds, during which the ro-
tating rod accelerated from 5 to 40 rpm over the first 120 
seconds of the session, and remained at maximum speed 
for the remaining 80 seconds. Animals were scored for 
their latency (in seconds) to fall (height 30 cm) in each 
session. To avoid fatigue, 30 minutes rest between trials 
was given to rats. The data of rotarod test were expressed 
as the area under the curve (AUC) calculated according 
to the following formula:

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

where 0.44 is the acceleration speed per second.

2.5. Blood sampling and preparing brain suspension 

Blood samples were collected from the animals’ tail 
vein using a scalp vein. After clouting, blood samples 
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were centrifuged at 5000 rpm (Eppendorf 5415D) and 
the sera were stored at -80ºC until MDA measurement. 

To prepare brain suspension, animals were decapitated 
under diethyl ether anesthesia, and the brain was removed 
immediately. Then, the midbrain portion of brain was iso-
lated, washed with normal saline, and sonicated in cooled 
1.5% KCl solution to prepare a suspension. Brain suspen-
sions were stored at -80ºC until MDA measurement.

2.6. MDA measurement    

MDA amounts were measured by spectrophotomet-
ric method as reported by Albro, Corbett and Schroder 
(1986). The procedures used thiobarbituric acid (TBA) 
and MDA standard curve. Reaction of MDA with TBA 
produced a pink colored solution that had maximum 
absorbance at 532 nm. The findings were expressed as 
µM/L for blood samples and µM/g for brain samples. 

2.7. Statistical analysis 

Data were presented as the mean±standard error (SE), 
in spite of the probable non-normality of the distribu-
tion of scores. Data of behavioral tests and MDA were 
1st analyzed by Kolmogorov-Smirnov test to determine 
the normal distribution of data. Since the data did not 
have normal distribution, they were, then, analyzed by 
Kruskal–Wallis nonparametric ANOVA followed by a 
2-tailed Mann–Whitney U test. A P≤0.05 was consid-
ered as statistically significant.

3. Results

3.1. Rotational behavior 

Prominent contralateral (to lesioned side) rotations 
were observed in all experimental groups indicating 
that pretreatment with Glib, B vitamins, or a com-
bination of them could not prevent the development 
of 6-OHDA-induced Parkinsonism. However, as dis-
played in Figure 2, some pretreatments had significant 
effects. The most significant effect was observed in B 
vit.+Glib group. In this group and in all the rotational 
tests, the number of net contralateral rotations was sig-
nificantly less than those of the Con and Veh groups. 
Also, in the third rotational test, the number of rota-
tions in B vit.+Glib group was significantly less than 
those of B vit. or Glib groups. Pretreatment of rats with 
both low and high doses of Glib also significantly re-
duced the number of rotations in the second and third 
post-surgery tests. Nourishment of rats with B vita-
mins also ameliorated severity of rotational behavior. 

3. 2. Swinging behavior

Figure 3 displays findings of EBST. The number of 
swings varied from 0 to 7 swings and almost all of the 
6-OHDA treated rats showed net ipsilateral swings. In B 
vit.+Glib and B vit. groups, the number of net ipsilateral 
swings was significantly less than those of the Con and 
Veh groups. Also, in the third test, the number of net ipsi-
lateral swings in B vit.+Glib group was significantly less 
than that of the low Glib group. In this test, the number 
of net ipsilateral swings in high Glib group was signifi-
cantly less than that of the Veh group.

3. 3. Rotarod Test

Figure 4 quantifies findings of rotarod test of different 
experimental groups. In the healthy group of rats, the 
performance improved in consecutive sessions and rats 
reached the maximum of performance in sessions 4 to 6. 
All groups of 6-OHDA treated rats also showed some de-
gree of motor learning, but the amount of AUC in them 
was significantly less than that of the healthy group. In 
these rats, falling time did not necessarily increase in suc-
cessive sessions. For example, in Veh group, stepping 
time on rotarod in the session 5 (R5) was less than those of 
the 3 (R3) and 4 (R4) sessions. However, significant dif-
ferences in rotarod performance were observed between 
the pretreatment and Veh groups. Rats of high Glib, low 
Glib, and B vit.+Glib groups showed much better learn-
ing and AUC in R4, R5, and R6 was significantly higher 
than that of the Veh group. There was no significant dif-

Figure 1. Time schedule used for animal experiments. 
Animals were tested by apomorphine-induced rotational 
test and elevated body swing test at 3 times: in the second, 
fourth, and eighth weeks after 6-OHDA injection. Rotational 
tests were performed at least 1 hour after termination of 
the EBST. Rotarod rod test, blood sampling and measure-
ment of its MDA concentration were performed in the 6th 
week post-surgery. Preparation of the brain suspension and 
its MDA assay were performed in the eighth week post-
surgery. All of pretreatments was started before 6-OHDA 
injection and continued to 3 weeks after that (black arrow). 
Numbers show the days after 6-OHDA injection.  
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ference between the groups in AUC in the assessed ses-
sions. Also, leaning pattern in these groups was similar to 
that of the healthy group, and was remarkably better than 
that of the Veh group. In contrast, learning pattern in B vit. 
group was more similar to that of the Veh group; in R5, 
AUC in this group was significantly less than that of the 
B vit.+Glib group. However, AUC in R5 and R6 in B vit. 
group were significantly higher than those of Veh group. 

3.4. MDA analysis

MDA concentration was measured in the blood and in the 
suspensions prepared from midbrain of rats (Figure 5). In 
the control group, MDA concentrations in blood and brain 
suspension were 6.16±0.33 µM/L and 9.34±0.85 µM/g, 
respectively. In the Veh group, MDA concentrations were 
higher, but their differences with those of the control group 
were not significant. Also, there was no significant differ-

ence in sera concentrations of MDA between all experi-
mental groups. But, MDA concentration in the brain of all 
pretreatment groups, especially in B vit. and B vit.+Glib 
groups was significantly less than that of the Veh group.

4. Discussion

The current study provided evidence that pretreat-
ment of rats with Glib ameliorated the severity of be-
havioral symptoms in 6-OHDA-induced Parkinsonism. 
Nourishment of rats with B vitamins also ameliorated 
these symptoms, but pretreatment with a combination of 
B vitamins and Glib was more effective than either B 
vitamins or Glib alone. Biochemical data indicated that 
pretreatment with Glib, B vitamins, or a combination of 
them reduced MDA concentration in brain tissue, but not 
in serum. The decrease in MDA in B vit.+Glib and B vit. 
groups was more obvious than those of the Glib group. 

A large body of evidence demonstrated a positive re-
lationship between nigral dopaminergic cell loss and se-

Figure 2. Apomorphine-induced net contralateral rotations of 
different experimental groups at second (upper plot), fourth 
(middle plot), and eighth (lower plot) weeks post-surgery.
Values are expressed as mean±SE, *P<0.05 and **P<0.01 
compared to Veh group; s: P<0.05 compared to B vitamins, 
low Glib and high Glib groups, Kruskall–Wallis nonpara-
metric test followed by Mann–Whitney U test. 

Figure 3. Plots display findings of the EBST in the second 
(upper plot), fourth (middle plot), and eighth (lower plot) 
weeks post-surgery. Note 50% means number of left swings 
was equal to number of right swings. Less than 50% means 
that most of swings tended toward left (contralateral to le-
sion side), and more than 50% means that most of swings 
tended toward right (ipsilateral to lesion side). 
*P<0.05 and **P<0.01 compared to Veh group; s: P<0.05 
compared to low Glib group, Kruskall–Wallis nonparamet-
ric test followed by Mann–Whitney U test. 
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verity of behavioral symptoms in the 6-OHDA treated 
rats. Rotational test is the most valid test in the evalua-
tion of 6-OHDA-induced dopaminergic cell loss (Bor-
longan et al., 1995; Dauer and Przedborski 2003; Shimo-
hama, Sawada, Kitamura, & Taniguchi. 2003) and can 
differentiate the partial lesion from the early complete 
lesion in SN. Also, falling time in rotarod test inversely 
correlates with the dopaminergic cell loss in SN (Yuan, 
Sarre, Ebinger, & Michotte, 2005). In line with this find-
ing, several studies indicated that EBST is a valid be-
havioral test, which provides an accurate measure of a 
dopamine-mediated motor function (Borlongan et al., 
1995; Abrous et al., 1998; Iancu, Mohapel, Brundin, & 
Paul, 2005). Based on the available evidence, the current 
study suggested that pretreatment with Glib and B vita-
mins provides neuroprotective effect and can reduce the 
neurotoxic effect of 6-OHDA on the DA neurons in SN. 

Similar to the current study results, several studies in-
dicated that inhibition of KATP channels provided a neu-
roprotective effect. Lee et al., (2005) showed that Glib 
attenuated the cytotoxicity of MPP+ in PC12 cells by 
suppressing changes in the mitochondrial membrane 
permeability. Another study conducted on the rodent 
models of stroke showed that Glib can reduce cerebral 
edema infarct volume and mortality by 50% (Simard et 
al., 2006). Kim et al., (2014) reported that administration 
of sulfonylureas exerted a neuroprotective effect against 
kainic acid (KA)-induced hippocampal CA3 neuronal 
death. Also, studies on the midbrain DA neurons indi-
cated that blockade of KATP channels protected these 
neurons against neurodegenerative agents (Toulorge et 
al., 2010; Rodriguez-Pallares et al., 2012). On the other 
hand, emerging evidence indicated that opening and ac-
tivation of KATP channels, rather than its blockade, pro-
tected the neuronal cells against neurotoxins. 

Figure 4. Motor performance of different groups of rats in ro-
tarod test examined at 3 consecutive days, 2 sessions in each. 
Because Con and Veh groups of rats showed almost similar re-
sults, only data of Veh group are shown. Healthy rats rapidly 
learned how to walk on the rotating rod and reached to maxi-
mum performance at fourth session. On the other hand, Parkin-
sonian rats (Veh group) did not reach to maximum performance 
and showed weak learning. Values are expressed as mean±SE, 
*P<0.05; **P<0.01; and ***P<0.001 compared to Veh group; s: 
P<0.05 compared to B vitamins group, Kruskall–Wallis nonpara-
metric test followed by Mann–Whitney U test. AUC: Area under 
the curve (for more description see the experimental procedures). 
R1-R6: Sessions of the test; R1: First session; R6: Last session.

Figure 5. Malondialdehyde concentrations in blood (upper 
panel) and in a suspension prepared from midbrain portion 
of the brain (lower panel) of 6-OHDA-treated rats. 
*P<0.05; **P<0.01 compared to Veh group, Kruskall–Wallis non-
parametric test followed by Mann–Whitney U test. 
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Nagy, Kis,  Rajapakse, Bari and Busija (2004) reported 
that K+ channel opener diazoxide protected neuronal 
cells against the toxicity of amyloid β-peptide and glu-
tamate. This effect was inhibited by 5-hydroxydecano-
ate, a selective mitochondrial KATP channel inhibitor, and 
glibenclamide. Several other studies showed that KATP 
channel opener of iptakalim provided significant neu-
roprotection in different animal models of stroke, PD, 
as well as the cultured cells (Yang et al., 2004; Wang et 
al., 2005; Yang et al., 2005). This discrepancy in the role 
of KATP channels in neuroprotection may arise from the 
firing nature of neurons. For example, under physiologi-
cal conditions, DA neurons in midbrain fire spontaneous 
action potentials and, at least in vitro brain slices, most 
KATP channels are closed. 

The activation of KATP channels hyperpolarizes DA 
neurons, which leads to a complete loss of their normal 
pacemaker activity. It is suggested that in PD, a chronic 
reduction of neuronal activity might not be primarily neu-
roprotective, but might lead to a reduced expression of 
activity-dependent genes such as neurotrophins that pro-
mote survival of neurons (Liss and Roeper 2001). In this 
scenario, transient KATP channels activation is a short-term 
neuroprotective response to metabolic stress, but the activ-
ity of chronic KATP channels could have fatal consequences 
for the DA neuron. In this regard, Liss et al., (2005) showed 
that persistent activation of K  ATP channels may enhance 
neurodegeneration. They showed that electrophysiologi-
cal activity of DA neurons in SN is lost after activation of 
KATP channels. Genetic inactivation of the KATP channels 
pore-forming subunit Kir6. 2 resulted in rescue of SN do-
paminergic neurons in MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) and the mutant weaver mouse models 
of dopaminergic degeneration. Thus, the activation of KATP 
channels can have an unexpected role in promoting death 
of DA neurons in chronic diseases.

Several mechanisms are suggested for neuroprotective 
effect of Glib. It is reported that Glib prevents the activa-
tion of endothelial caspase-3 through inhibition of the 
sulfonylurea receptor (SUR)1-regulated NC (Ca-ATP) 
channels. Caspase-3 activation is described as a major 
cause of apoptotic processes (Simard et al., 2009). In 
this regard, Lee et al., (2005) showed that Glib prevents 
the activation of caspase-3 through suppressing changes 
in the mitochondrial membrane permeability. Glib also 
suppresses the inflammatory responses, including the 
expression of proinflammatory cytokines interleukin 
(IL)-10 and tumor necrosis factor (TNF)-α (Wali et al., 
2012). To confirm this hypothesis, Ortega et al. (2012) 
reported that Glib fosters microglial neuroprotective ac-
tivity through the blockade of KATP channels. Another re-

port suggested that Glib protects cultured midbrain DA 
neurons by inhibiting a glia-to-neuron signaling cascade 
that leads to a disruption in calcium homeostasis in the 
target neurons (Toulorge et al., 2010). 

In the current study, to identify possible neuroprotec-
tive mechanism of Glib, MDA concentration was mea-
sured. MDA is a biomarker of lipid peroxidation and 
oxidative stress. The current study focused on oxidative 
stress because 6-OHDA selectively destroys catechol-
amine neurons by the production of Reactive Oxygen 
Species (ROS). As pretreatment with Glib reduced 
MDA concentration in brain tissue, anti-parkinsonian ef-
fect of Glib may be mediated by its suppressing effect on 
the oxidative stress. The current study results were sup-
ported by recent reports showing that Glib has antioxi-
dant effects independent from its KATP blocking activity 
(Wali et al., 2012). However, the current study data also 
showed that the effect of B vitamins on the reduction 
of MDA concentration was more prominent than that of 
Glib, and was nearly equal to the effect of the combina-
tion of Glib and B vitamins. But, the effect of the combi-
nation of Glib and B vitamins on the reduction of behav-
ioral symptoms was significantly more potent than those 
of B vitamins or Glib alone; indicating that Glib might 
produce anti-parkinsonian effect by other ways too. 

In addition to induction of oxidative stress, 6-OHDA 
induces mitochondrial impairment and ATP deficiency 
through inhibition of mitochondrial complexes I and IV 
(Soto-Otero, Méndez-Álvarez, Hermida-Ameijeiras, 
Muñoz-Patiño, & Labandeira-Garcia, 2002; Blum et al., 
2001; Dauer and Przedborski 2003), which can induce 
neurodegeneration by persistent activation of KATP chan-
nels. Thus, Glib might produce neuroprotective effect by 
direct blocking of KATP channels too. Taken together, it 
is suggested that Glib produced anti-parkinsonian effect 
by 2 mechanisms: 1) Attenuation of 6-OHDA-induced 
oxidative stress; and 2) Inhibition of neurodegeneration 
induced by persistent activation of K ATP channels. 

In conclusion, the current study results showed that 
pretreatment with glibenclamide, a KATP channel blocker, 
can ameliorate severity of behavioral symptoms in 6-OH-
DA-induced Parkinsonism in rats. This effect was aug-
mented by supplementation of rats with B vitamins. As 
in 6-OHDA treated rats, severity of behavioral symptoms 
reflected the degree of DA cell loss in SN, it is suggested 
that Glib pretreatment had neuroprotective effect. Since 
Glib reduced MDA concentration in brain, it is suggested 
that at least a part of neuroprotective mechanism of Glib 
is induced by its antioxidant effect. However, Glib might 
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inhibit 6-OHDA-induced neurodegeneration by preven-
tion of the persistent activation of K ATP channels too. 

Acknowledgements

The current study was supported by a grant for sci-
entific research from Cellular and Molecular Research 
Center, Qazvin University of Medical Sciences and Iran 
National Science Foundation (INSF). Authors thank Dr. 
Jahanihashemi for statistical analysis of data and Miss 
Ayda Faraj for her assistance in behavioral testing. 

Conflict of Interest

The authors declared no conflicts of interest.

References

Abrous, D., Rodriguez, J., Montaron, M. F., Aurousseau, C., Le 
Moal, M., & Barneoud, P. (1998). Behavioural recovery after 
unilateral lesion of the dopaminergic mesotelencephalic path-
way: Effect of repeated testing. Neuroscience, 84(1), 213–221. 
doi: 10.1016/s0306-4522(97)00498-3

Al-Azzam, S. I., Abdul-Razzak, K. K., & Jaradat, M. W. (2010). 
The nephroprotective effects of pioglitazone and gliben-
clamide against gentamicin-induced nephrotoxicity inrats: 
A comparative study. Journal of Chemotherapy, 22(2), 88-91. 
PMID: 20435566

Albro P. W., Corbett J. T., & Schroder J. L. (1986). Applicationof 
thiobarbituric acid assay to the measurement of lipid peroxi-
dation products in microsomes. Journal of Biochemical and Bio-
physical Methods, 13(3), 185-190.

Blum, D., Torch, S., Lambeng, N., Nissou, M., Benabid, A. L., 
Sadoul, R., et al. (2001). Molecular pathways involved in the 
neurotoxicity of 6-OHDA, dopamine and MPTP: Contribu-
tion to the apoptotic theory in Parkinson’s disease. Progress in  
Neurobiology, 65(2), 135-72. PMID: 11403877

Borlongan, C.V., & Sanberg, P.R. (1995). Elevated Body Swing 
Test: A new behavioral parameter for rats with 6-hydroxydo-
pamine-induced hemiparkinsonism. Journal of Neuroscience. 
15(7): 5372-5378. PMID: 7623159

Borlongan, C. V., Randall, T. S., Cahill, D. W., & Sanberg, P. R. 
(1995). Asymmetrical motor behavior in rats with unilateral 
striatal excitotoxic lesions as revealed by the elevated body 
swing test. Brain Research, 676(1), 231–234. doi: 10.1016/0006-
8993(95)00150-o

Busija, D. W., Lacza, Z., Rajapakse, N., Shimizu, K., Kis, B., 
Bari, F., et al. (2004). Targeting mitochondrial ATP-sensitive 
potassium channels—A novel approach to neuroprotection. 
Brain Research Reviews, 46(3), 282–294. doi: 10.1016/j.brainres-
rev.2004.06.011

Chai, Y., Niu, L., Sun, X. L., Ding, J. H., & Hu, G. (2006). Iptaka-
lim protects PC12 cell against H2O2-induced oxidative injury 
via opening mitochondrial ATP-sensitive potassium channel. 

Biochemical and Biophysical Research Communications, 350(2), 
307–314. doi: 10.1016/j.bbrc.2006.09.045

Da Silva-Santos, J. E., Santos-Silva, M. C., Cunha, Fde. Q. & Asa-
sreuy, J. (2002). The role of ATP-sensitive potassium channels 
in neutrophil migration and plasma exudation. Journal of Phar-
macology and Experimental Therapeutics, 300(3), 946–951. doi: 
10.1124/jpet.300.3.946

Dauer, W., & Przedborski, S. (2003). Parkinson’s disease: Mecha-
nisms and models. Neuron, 39(6), 889-909. doi: 10.1016/s0896-
6273(03)00568-3

De Lau, L. M. L., Koudstaal, P. J., van Meurs, J. B. J., Uitterlinden, 
A. G., Hofman, A., & Breteler, M. M. B. (2005). Methylenetet-
rahydrofolate reductase C677T genotype and PD. Annals of 
Neurology, 57(6), 927–930. doi: 10.1002/ana.20509 

Dunn-Meynell, A. A., Rawson, N. E., & Levin, B. E. (1998). Dis-
tribution and phenotype of neurons containing the ATP-sen-
sitive K+ channel in rat brain. Brain Research, 814(1-2), 41–54. 
doi: 10.1016/s0006-8993(98)00956-1

Fujita, M., Nishino, H., Kumazaki, M., Shimada, S., Tohyama, 
M., & Nishimura, T. (1996). Expression of dopamine transport-
er mRNA and its binding site in fetal nigral cells transplanted 
into the striatum of 6-OHDA lesioned rat. Molecular Brain Re-
search, 39(1-2), 127–136. doi: 10.1016/0169-328x(96)00018-6

Greif,G. J., Lin, Y. J., Liu, J. C., & Freedman, J. E. (1995). Dopai-
mine-modulated potassium channels on rat striatal neurons: 
Specific activation and cellular expression. Journal of neurosci-
ence, 15(6), 4533-44. PMID: 7790922

Haghdoost-Yazdi, H., Fraidouni, N., Faraji, A., Jahanihashemi, 
H., & Sarookhani, M. (2012). High intake of folic acid or comh-
plex of B vitamins provides anti-Parkinsonism effect: no role 
for serum level of homocysteine. Behavioral Brain Research, 
233(2), 375-81. doi: 10.1016/j.bbr.2012.05.011. 

Haghdoost-Yazdi, H., Sarookhani, M., Faraj, A., Fraidouni, N., 
Dargahi, T., Yaghoubidoust, M. H., et al. (2014). Evaluation 
of the association between blood homocysteine concentration 
and the degree of behavioral symptoms in the 6-hydroxydo-
pamine-induced Parkinsonism in rat. Pharmacology Biochemis-
try and Behavior, 124, 297-304. doi: 10.1016/j.pbb.2014.06.020.

Hancock, D. B., Martin, E. R., Stajich, J. M., Jewett, R., Stacy, 
M. A., Scott, B. L., et al. (2007). Smoking, caffeine, and non-
steroidal anti-inflammatory drugs in families with Parkinson 
disease. Archive in Neurology, 64, 576–580. doi: 10.1001/arch-
neur.64.4.576 

Iancu, R., Mohapel, P., Brundin, P., & Paul, G. (2005). Behavioral 
characterization of a unilateral 6-OHDA-lesion model of Par-
kinson’s disease in mice. Behavioral Brain Research, 162(1), 1-10. 
PMID: 15922062

Jenner, P., & Olanow, C. W. (1996). Oxidative stress and the 
pathogenesis of Parkinson’s disease. Neurology, 47(6), 161–170. 
PMID: 8959985

Kim, C. H., Park, S. H., Sim, Y. B., Kim, S. S., Kim, S. J., Lim, S. 
M., et al. (2014). Effect of tolbutamide, glyburide and glipizide 
administered supraspinally on CA3 hippocampal neuronal 
cell death and hyperglycemia induced by kainic acid in mice. 
Brain Research, 1564, 33–40. doi: 10.1016/j.brainres.2014.03.046

Kou, J., Klorig, D. C., & Bloomquist, J. R. (2006). Potentiating efg-
fect of the ATP-sensitive potassium channel blocker glibencla-

Haghdoost Yazdi, H., et al. (2017). The Anti-Parkinsonism Effects of KATP Channel Blockade in the 6-Hydroxydopamine-Induced Animal Model. Basic and Clinical Neuroscience, 8(3),  183-192.

http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Azzam%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=20435566
http://www.ncbi.nlm.nih.gov/pubmed?term=Abdul-Razzak%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=20435566
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaradat%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=20435566
http://www.ncbi.nlm.nih.gov/pubmed/11403877
http://www.ncbi.nlm.nih.gov/pubmed/11403877
http://www.ncbi.nlm.nih.gov/pubmed/11403877
http://www.ncbi.nlm.nih.gov/pubmed?term=Da%20Silva-Santos%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=11861802
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos-Silva%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=11861802
http://www.ncbi.nlm.nih.gov/pubmed?term=Cunha%20Fde%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=11861802
http://www.ncbi.nlm.nih.gov/pubmed?term=Assreuy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11861802
http://www.ncbi.nlm.nih.gov/pubmed?term=Assreuy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11861802
http://www.ncbi.nlm.nih.gov/pubmed/7790922
http://www.ncbi.nlm.nih.gov/pubmed/7790922
http://www.ncbi.nlm.nih.gov/pubmed/7790922
http://www.ncbi.nlm.nih.gov/pubmed/22610053
http://www.ncbi.nlm.nih.gov/pubmed/22610053
http://www.ncbi.nlm.nih.gov/pubmed/22610053
http://www.ncbi.nlm.nih.gov/pubmed/24992727
http://www.ncbi.nlm.nih.gov/pubmed/24992727
http://www.ncbi.nlm.nih.gov/pubmed/24992727
http://www.ncbi.nlm.nih.gov/pubmed/24992727
http://www.ncbi.nlm.nih.gov/pubmed/15922062
http://www.ncbi.nlm.nih.gov/pubmed/15922062
http://www.ncbi.nlm.nih.gov/pubmed/15922062
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jenner%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8959985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olanow%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=8959985
http://www.ncbi.nlm.nih.gov/pubmed/16725203
http://www.ncbi.nlm.nih.gov/pubmed/16725203


Basic and Clinical
  May, June 2017,Volume 8, Number 3

191

mide on complex I inhibitor neurotoxicity in vitro and in vivo. 
Neurotoxicology, 27(5), 826-34. PMID:16725203

Lee, C. S., Kim, Y. J., Ko, H. H., & Han, E. S. (2005). Inhibition 
of 1-methyl-4-phenylpyridinium-induced mitochondrial dys-
function and cell death in PC12 cells by sulfonylurea gliben-
clamide. European Journal of Pharmacology, 527(1-3), 23–30. doi: 
10.1016/j.ejphar.2005.10.008

Liss, B., & Roeper, J. (2001). ATP- sensitive potassium chann-
nels in dopaminergic neurons: Transducers of mitochondrial 
dysfunction. News in Physiological Science, 16, 214-7. PMID: 
11572924

Liss, B., Haeckel, O., Wildmann, J., Miki, T., Seino, S., & Roeper, 
J. (2005). K-ATP channels promote the differential degeneraa-
tion of dopaminergic midbrain neurons. Natural Neuroscience, 
8(12), 1742-51. PMID: 16299504

McGroarty, A., & Greenfield, S. A. (1996). Blockade of dopamine 
storage, but not of dopamine synthesis, prevents activation 
of a tolbutamide-sensitive K+ channel in the guinea-pig sub-
stantia nigra. Experimental Brain Research, 110(3), 360-6. PMID: 
8871095

Mourre, C., Widmann, C., & Lazdunski, M. (1990). Sulfonylu-
rea binding sites associated with ATP-regulated K+ channels 
in the central nervous system: Autoradiographic analysis of 
their distribution and ontogenesis, and of their localization in 
mutant mice cerebellum. Brain Research, 519(1-2), 29–43. doi: 
10.1016/0006-8993(90)90057-i

Nagy, K., Kis, B., Rajapakse, N. C., Bari, F., & Busija, D. W. 
(2004). Diazoxide preconditioning protects against neuronal 
cell death by attenuation of oxidative stress upon glutamate 
stimulation. Journal of Neuroscience Research, 76(5), 697–704. 
doi: 10.1002/jnr.20120

Nazaroglu, N. K., Sepici-Dincel, A., & Altan, N. (2009). The ef-
fects of sulfonylurea glyburide on superoxide dismutase, 
catalase, and glutathione peroxidase activities in the brain 
tissue of streptozotocin-induced diabetic rat. Journal of Diabe-
tes and Its Complications, 23(3), 209–213. doi: 10.1016/j.jdiaco-
mp.2007.09.001

Ortega, F. J., Gimeno-Bayon, J., Espinosa-Parrilla, J. F., Carrasco, 
J. L., Batlle, M., Pugliese, M., et al. (2012). ATP-dependent po-
tassium channel blockade strengthens microglial neuropro-
tection after hypoxia–ischemia in rats. Experimental Neurology, 
235(1), 282–296. doi:10.1016/j.expneurol.2012.02.010

Paxinos, G., & Watson, C. (2007). The rat brain in stereotaxic coor-
dinates. (6th Ed.). San Diego: Academic Press.

Pompermayer, K., Amaral, F. A., Fagundes, C. T., Vieira, A. 
T., Cunha, F. Q., Teixeira, M. M., et al. (2007). Effects of the 
treatment with glibenclamide, an ATP-sensitive potassium 
channel blocker, on intestinal ischemia and reperfusion in-
jury. European Journal of Pharmacology, 556(1-3), 215–222. doi: 
10.1016/j.ejphar.2006.10.065

Pompermayer, K., Souza, D. G., Lara, G. G., Silveira, K. D., Cas-
sali, G. D., Andrade, A. A., et al. (2005). The ATP-sensitive 
potassium channel blocker glibenclamide prevents renal is-
chemia/reperfusion injury in rats. Kidney International, 67(5), 
1785–1796. doi: 10.1111/j.1523-1755.2005.00276.x

Rodriguez-Pallares, J., Parga, J. A., Joglar, B., Guerra, M. J., & 
Labandeira-Garcia, J. L. (2011). Mitochondrial ATP-sensitive 
potassium channels enhance angiotensin-induced oxidative 
damage and dopaminergic neuron degeneration. Relevance 

for aging-associated susceptibility to Parkinson’s disease. 
AGE, 34(4), 863–880. doi: 10.1007/s11357-011-9284-7

Roeper, J., Hainsworth, A. H., & Ashcroft, F. M. (1990). Tolbu-
tamide reverses membrane hyperpolarisation induced by 
activation of D2 receptors and GABAB receptors in isolated 
substantia nigra neurones. Pflugers Archive European Journal of 
Physiology, 416(4), 473–475. doi: 10.1007/bf00370758

Shimohama, S., Sawada, H., Kitamura, Y., & Taniguchi, T. 
(2003). Disease model: Parkinson’s disease. Trends in Molecular 
Medicine, 9, 360-365. PMID: 12928038

Simard, J. M., Chen, M., Tarasov, K. V., Bhatta, S., Ivanova, S., 
Melnitchenko, L., et al. (2006). Newly expressed SUR1-regu(-
lated NC(Ca-ATP) channel mediates cerebral edema after is-
chemic stroke. Natural Medicine, 12(4), 433-40. PMID: 16550187

Simard, J. M., Geng, Z., Woo, S. K., Ivanova, S., Tosun, C., Mel-
nichenko, L., et al. (2009). Glibenclamide reduces inflammaG-
tion, vasogenic edema, and caspase-3 activation after suba-
rachnoid hemorrhage. Journal of Cerebral Blood Flow Metabolism, 
29(2), 317-30. doi: 10.1038/jcbfm.2008.120. PMID: 18854840

Soto-Otero, R., Méndez-Álvarez, E., Hermida-Ameijeiras, Á., 
Muñoz-Patiño, A. M., & Labandeira-Garcia, J. L. (2002). Au-
toxidation and neurotoxicity of 6-hydroxydopamine in the 
presence of some antioxidants. Journal of Neurochemistry, 74(4), 
1605–1612. doi: 10.1046/j.1471-4159.2000.0741605.x

Tatton, N. A. (2000). Increased caspase 3 and bax immunore-
activity accompany nuclear GAPDH translocation and neu-
ronal apoptosis in Parkinson’s disease. Experimental Neurology, 
166(1), 29–43. doi: 10.1006/exnr.2000.7489 

Toulorge, D., Guerreiro, S., Hirsch, E. C., & Michel, P. P. (2010). 
KATP channel blockade protects midbrain dopamine neu-
rons by repressing a glia-to-neuron signaling cascade that 
ultimately disrupts mitochondrial calcium homeostasis. 
Journal of Neurochemistry, 114(2), 553–64. doi: 10.1111/j.1471-
4159.2010.06785.x

Wali, B., Ishrat, T., Atif, F., Hua, F., Stein, D. G., & Sayeed, I. 
(2012). Glibenclamide administration attenuates infarct vol-
ume, hemispheric swelling, and functional impairments fol-
lowing permanent focal cerebral ischemia in rats. Stroke Re-
search and Treatment, 2012, 460909. doi: 10.1155/2012/460909

Wang, S., Hu, L. F., Yang, Y., Ding, J. H., & Hu, G. (2005). Studies 
of ATP sensitive potassium channels on 6-hydroxydopamine 
and haloperidol rat models of Parkinson’s disease: Implica-
tions for treating Parkinson’s disease? Neuropharmacology, 
48(7), 984–992. doi: 10.1016/j.neuropharm.2005.01.009 

Yang, Y., Liu, X., Ding, J. H., Sun, J., Long, Y., Wang, F., et al. 
(2004). Effects of iptakalim on rotenone-induced cytotoxicity 
and dopamine release from PC12 cells. Neuroscience Letters, 
366(1), 53–57. doi: 10.1016/j.neulet.2004.05.009

Yang, Y. L., Meng, C. H., Ding, J. H., He, H. R., Ellsworth, K., Wu, 
J., et al. (2005). Iptakalim hydrochloride protects cells against 
neurotoxin-induced glutamate transporter dysfunction in in 
vitro and in vivo models. Brain Research, 1049(1), 80–88. doi: 
10.1016/j.brainres.2005.04.073

Yuan, H., Sarre, S., Ebinger, G., & Michotte, Y. (2005). Histologi,-
cal, behavioral and neurochemical evaluation of medial fore-
brain bundle and striatal 6-OHDA lesions as rat models of 
Parkinson’s disease. Journal of Neuroscience Methods, 144(1),35-
45. doi: 10.1016/j.jneumeth.2004.10.004

Haghdoost Yazdi, H., et al. (2017). The Anti-Parkinsonism Effects of KATP Channel Blockade in the 6-Hydroxydopamine-Induced Animal Model. Basic and Clinical Neuroscience, 8(3),  183-192.

http://www.ncbi.nlm.nih.gov/pubmed/16725203
http://www.ncbi.nlm.nih.gov/pubmed?term=Liss%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11572924
http://www.ncbi.nlm.nih.gov/pubmed?term=Roeper%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11572924
http://www.ncbi.nlm.nih.gov/pubmed/?term=ATP-Sensitive+Potassium+Channels+in+Dopaminergic+Neurons%3A+Transducers+of+Mitochondrial+Dysfunction
http://www.ncbi.nlm.nih.gov/pubmed/16299504
http://www.ncbi.nlm.nih.gov/pubmed/16299504
http://www.ncbi.nlm.nih.gov/pubmed?term=McGroarty%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8871095
http://www.ncbi.nlm.nih.gov/pubmed?term=Greenfield%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=8871095
http://www.ncbi.nlm.nih.gov/pubmed/?term=McGroarty+and+Greenfield+1996
http://www.ncbi.nlm.nih.gov/pubmed/16550187
http://www.ncbi.nlm.nih.gov/pubmed/16550187
http://www.ncbi.nlm.nih.gov/pubmed/16550187
http://www.ncbi.nlm.nih.gov/pubmed/18854840
http://www.ncbi.nlm.nih.gov/pubmed/18854840
http://www.ncbi.nlm.nih.gov/pubmed/18854840
http://www.ncbi.nlm.nih.gov/pubmed?term=Soto-Otero%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10737618
http://www.ncbi.nlm.nih.gov/pubmed/15848237
http://www.ncbi.nlm.nih.gov/pubmed/15848237
http://www.ncbi.nlm.nih.gov/pubmed/15848237
http://www.ncbi.nlm.nih.gov/pubmed/15848237


Basic and Clinical
  May, June 2017,Volume 8, Number 3

192


