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Abstract

Flavonoids are important constituents of food and beverages, and several studies have shown that they have
neuroactive properties. Many of these compounds are ligands for y-aminobutyric acid type A receptors in the
central nervous system. This study aimed to investigate the anticonvulsant effects of quercetin (3,3',4,5,7-
pentahydroxyflavone), which is a flavonoid found in plants, in rats treated with pentylenetetrazole in acute and
chronic seizure models. Single intraperitoneal administration of quercetin did not show anticonvulsive effects
against acute seizure. Similarly, multiple oral pretreatment with quercetin did not have protective effects
against acute seizure. However, multiple intraperitoneal administration of quercetin (25 and 50 mg/kg) sig-
nificantly increased time to death compared with the control (p < 0.001). However, quercetin pretreatment
had no significant effects on the pattern of convulsion development during all periods of kindling. But on the
test day, quercetin (100 mg/kg) could significantly increase generalized tonic—clonic seizure onset (GTCS) and
decrease GTCS duration compared with the control (p < 0.01, p < 0.05). We conclude that quercetin has a
narrow therapeutic dose range for anticonvulsant activities in vivo, and it has different effects on the seizure
threshold. The different effects of quercetin on seizure threshold may occur through several mechanisms.
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citrus fruits, berries, bulbs, cereal grains, onions,
legumes, and tea (Harwood et al., 2007). The amount
of daily absorption of flavonoids is about 20-1000
mg. Quercetin, which constitutes the important part of
absorptive flavonoids (especially in onions, apples, and
tea), has a long plasmatic half-life (11-28 h), and if its
dosage is repeated, it can accumulate in plasma (Chen
et al., 2006). A high dosage of quercetin is needed to

Introduction

Epilepsy is a major focus in the study of neurological
disorders. The incidence of epilepsy in the general
population is 45/100,000, its prevalence is 0.5%, and
the lifetime probability of a seizure is approximately
3% (Simon et al., 2007).

Pentylenetetrazole (PTZ), a selective blocker of the
chloride channel coupled to the y-aminobutyric acid
type A (GABA,) receptor complex, is the most popu-
lar chemoconvulsant used for evaluating antiepileptic
drugs (Hansen et al., 2004). Also, kindling induced
by the convulsant, PTZ, represents a model of primary
generalized epilepsy (Rossi, 1996). PTZ kindling pro-
vides a useful model of post-seizure dysfunction,
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which can serve as a screen for potential treatments for
those cognitive and emotional deficits that are often
observed in human epilepsy (Mortazavi et al., 2005).
Quercetin is a flavonoid (3,3,4',5,7-pentahydroxy
flavone; Figure 1) (Amalia et al., 2007), which is found
in a variety of fruits and vegetables, including apples,
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Figure |. Chemical structure of quercetin.

achieve good results. Since, quercetin undergoes first-
pass metabolism (Bhattaram et al., 2002), it has the abil-
ity to penetrate the blood-brain barrier (BBB), and in
some studies, the proportion of its passage is estimated
to be as high as 65.54% (Ren et al., 2010). Quercetin
metabolites and glycosides seem to be less neuroprotec-
tive and penetrate BBB less efficiently than aglycone
(Ossola et al., 2009).

Quercetin has several pharmacological properties,
including antioxidant, anti-inflammatory, hepato-
protective, and anticancer effects (Amalia et al.,
2007; Borska et al., 2012; Choi et al., 2003; Huang
et al., 2012; Kim et al., 2012; Liu et al., 2012; Patir
et al., 2012). In addition, quercetin has shown free-
radical scavenging activity in ultraviolet B-irradiated
cultured human dermal fibroblasts (Chondrogianni
et al., 2010). Chronic oral administration of querce-
tin (20-50 mg/kg) following ethanol withdrawal
showed protective effects against PTZ convulsions
(Joshi et al., 2005). However, it was found that quer-
cetin could not protect seizures and movement disor-
ders induced by N-methyl p-aspartate (NMDA) in
rats, and it was suggested that quercetin has procon-
vulsant effect (Nitsinskaia et al., 2010). Further-
more, it was shown that protective and toxic
effects of quercetin depend on the timing and its dose
(Ossola et al., 2008).

Efficiency of quercetin in neurodegenerative disor-
ders is doubtful. Moreover, the association between
quercetin administration and neuroprotective effects
is of scientific interest. However, studies on the antic-
onvulsive effects of quercetin in animals are contro-
versial owing to the use of different methods. In the
present study, we examined the anticonvulsant effects
of quercetin using different methods of PTZ-induced
seizure and different routes of administration of
quercetin in rats.

Material and methods

Animals

Male Wistar rats (200-250 g) were obtained from the
Razi Institute (Karaj, Islamic Republic of Iran) and
housed in groups of four per cage under standard
laboratory conditions. They were kept at constant
room temperature (21 + 2°C) under a normal 12-h
light:12-h dark cycle with free access to food and
water. All the animal experiments were conducted
in accordance with the European Communities
Council Directive of 24 November 1986 (86/609/
EEC) in such a way as to minimize the number of
rats used and their suffering.

Drugs

Quercetin and PTZ were purchased from Sigma
(Sigma, St Louis, Missouri, USA). PTZ and querce-
tin were dissolved in physiological saline before the
experiments.

PTZ-induced seizures

Single administration of quercetin. The rats were divided
into 3 groups with 10 animals in each group. The first
group was administered with PTZ (90 mg/ kg, intra-
peritoneally (i.p.)) 30 min after the intraperitoneal
administration of normal saline as control. In the
next two groups, quercetin (50 and 100 mg/kg, i.p.)
was administered 30 min before the administration
of PTZ.

Multiple intraperitoneal or oral administration of quercetin.
The rats were divided into 3 groups with 10 animals in
each group. The first group was administered saline
(i.p. or gavage) for 7 days and on the last day PTZ
(90 mg/kg, i.p.) was administered 30 min after the
administration of normal saline. In the next two
groups, quercetin (25 and 50 mg/kg, i.p. or gavage)
was administered for 7 days and on the last day PTZ
(90 mg/kg, i.p.) was administered 30 min after the
administration of quercetin. During both ways of
administration of quercetin, the rats were individually
placed in plastic boxes and observed immediately
after the administration of PTZ for a 60-min period
(Nassiri-Asl et al., 2008).

Latency to the first generalized tonic—clonic sei-
zure (GTCS; the full tonic extension of both forelimbs
and hindlimbs), GTCS duration, and time to death
were evaluated during the administration of PTZ
(Loscher et al., 1991).
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Figure 2. Protocol of PTZ kindling in control (a) and quercetin treatment groups. (b) PTZ: pentylenetetrazole.

PTZ kindling

Rats were divided into 5 groups of 10 animals each. In
the control group, saline was injected 30 min before the
administration of PTZ every other day (35 mg/kg, i.p.,
15 injections in total).

After each injection, the animals were placed indi-
vidually in plastic boxes, and the convulsive behavior
was recorded for 20 min and the behavioral changes
were graded according to the criterion described by
Racine (1972): 0: no behavioural changes; 1: facial
movements and ear and facial twitching; 2: myoclonic
convulsions without rearing; 3: myoclonic convul-
sions with rearing; 4: clonic convulsion with loss of
posture; 5: GTCS. In the remaining 4 groups, 25,
50, 100, or 200 mg/kg quercetin was administered
30 min before the administration of PTZ every other
day (35 mg/kg, i.p., 15 injections in total; Figure 2).

PTZ test dose. On the test day (i.e. day 33), all kindled
groups received PTZ (90 mg/kg, i.p.), and the animals
were tested for this challenge dose and latency to the
first GTCS, GTCS duration, and the protection percent-
age against seizure were recorded during 2 h (Figure 2).

Statistical analysis

Data were expressed as mean =+ standard error of the
mean (SEM). Data from behavioral studies were

analyzed using analysis of variance, followed by
the Tukey—Kramer multiple comparison test for sta-
tistical evaluation. Fisher’s exact probability test
was used to analyze seizure protection. The values
of p < 0.05 were considered significant.

Results

Effects of single administration of quercetin on
acute seizure

In the control group, administration of saline 30 min
before the administration of PTZ (90 mg/kg, i.p.)
induced GTCS. Quercetin (50 and 100 mg/kg, i.p.)
administered 30 min before the administration of PTZ
prolonged the latency to GTCS compared with the
control (Table 1). However, this effect was not signif-
icant. GTCS duration did not decrease (Table 1).
Time to death in quercetin groups increased compared
with that in the control group. However, these effects
were not significant (Table 1).

Effects of multiple oral administration of
quercetin on acute seizure

The first group administered with saline (gavage) for
7 days and PTZ (90 mg/ kg, i.p.) 30 min after the
administration of normal saline on the last day induced
GTCS. Quercetin (25 mg/kg, gavage) administered for
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Table |. Effects of acute administration of quercetin on acute seizure induced by PTZ in rats.?

Treatment (dose) Onset (s) Duration (s) Time to death (min)
Control 50.1 + 3.2 235+ 14 58 + 1.2
Q (50 mg/kg) 63.6 + 51.2 23.6 + 0.68 7.18 + 27
Q (100 mg/kg) [15.6 + 54 245 + 1.7 124 + 3.9

Q: quercetin; i.p.: intraperitoneally; PTZ: pentylenetetrazole.

?Drugs were administered (i.p.) 30 min before the injection of PTZ (90 mg/kg, i.p.). Values are the mean 4+ SEM for 10 rats, Tukey—

Kramer test.

Table 2. Effects of multiple oral administration of quercetin on acute seizure induced by PTZ in rats.?

Treatment (dose) Onset (s) Duration (s) Time to death (min)
Control 60.6 + 2.2 245 + 2.1 4+ 1.1

Q (50 mg/kg) 772 + 16 19.25 + 29 10.57 + 2.5

Q (100 mg/kg) 686 + 8.7 192 + 4.6 112 +3

Q: quercetin; i.p.: intraperitoneally; PTZ: pentylenetetrazole.

?Drugs were orally administered for 7 days. The last dose was given 30 min before the injection of PTZ (90 mg/kg, i.p.). Values are the

mean + SEM for 10 rats, Tukey—Kramer test.

Table 3. Effects of multiple intraperitoneal administration of quercetin on acute seizure induced by PTZ in rats.?

Treatment (dose) Onset (s) Duration (s) Time to death (min)
Control 586 + 52 225 + 1.6 69 + 1.3

Q (25 mg/kg) 76.2 + 105 21.2 + 33 53.38 + 30.9°
Q (100 mg/kg) 137.8 + 47.8 154 + 1.9 53.39 + 309°

Q: quercetin; i.p.: intraperitoneally; PTZ: pentylenetetrazole.

?Drugs were administered (i.p.) for 7 days. The last dose was given 30 min before the injection of PTZ (90 mg/kg, i.p.). Values are the

mean + SEM for 10 rats, Tukey—Kramer test,
®p < 0.001 compared with control, Tukey—Kramer test.

7 days and on the last day administered 30 min
before PTZ increased seizure onset and decreased
GTCS duration. However, these effects were not sig-
nificant (Table 2). Quercetin (25 and 50 mg/kg,
gavage) increased time to death, and these effects
were not significant (Table 2).

Effects of multiple intraperitoneal administration
of quercetin on acute seizure

The first group that was administered with saline for
7 days and PTZ (90 mg/ kg, i.p.) 30 min after the
administration of normal saline on the last day
induced GTCS.

Quercetin (25 and 50 mg/kg, i.p.) administered
for 7 days and 30 min before PTZ administration
on the last day increased seizure onset and decreased
GTCS duration. However, these effects were not
significant (Table 3). Quercetin (25 and 50 mg/kg,

i.p.) significantly increased time to death compared
with that of the control (p < 0.001; Table 3).

Effects of quercetin pretreatment on kindling
development

The effects of different doses of quercetin during
kindling are shown in Figure 3. The repeated applica-
tion of 35 mg/kg PTZ induced behavioral seizures
with increasing severity that culminated in clonic con-
vulsion with loss of posture of stages 4 at the end of
kindling. Pretreatment with quercetin (25, 50, 100,
and 200 mg/kg) before each kindling injection modi-
fied the stage of kindling development differently.
Quercetin pretreatment had no significant effects on
the pattern of convulsion development during all peri-
ods of kindling.

However, on the test day (day 33), 100 mg/kg
quercetin significantly increased GTCS onset com-
pared with the control (p < 0.01; Figure 4(a)). Also,
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Figure 3. The effects of repeated administration of quercetin (25, 50, 100, and 200 mg/kg) on the development of PTZ
induced kindling (35 mg/kg, i.p., |5 injections total) in comparison with the control. Data are mean seizure stage + SEM,
n = 10, Tukey—Kramer test. PTZ: pentylenetetrazole; i.p.: intraperitoneally.

(@) 600, (bl 60
—_— (1]
2 500 - T @ 50+
8 R
2 400- R ool
©® 30
5 300 5 301
- e
& 200 - S 20
= ©
© i} 5 45
100 310
0- 0-
Control Q25 Q50 Q100 Q200 Control Q25 Q50 Q100 Q200
Treatments Treatments
C
( ).. 50 -
g
§ 401
8 30
£
2 20 9
R
s 10
w

Control Q25 Q50 Q100 Q200
Treatment

Figure 4. Response to challenge dose of PTZ in all kindled groups. On the test day (day 33), all kindled groups received
PTZ (90 mg/kg, i.p.). Values are the mean + SEM for 10 rats. n: number of animals; *p < 0.05, **p < 0.01: compared with
the control, Tukey—Kramer test. PTZ: pentylenetetrazole; i.p.: intraperitoneally.

100 mg/kg quercetin significantly reduced GTCS Figure 4(c)). Similar to kindling, 200 mg/kg quer-
duration compared with the control (p < 0.05; Fig- cetin did not show an anticonvulsive effect, and the
ure 4(b)). Furthermore, 100 mg/kg quercetin could duration of GTCS was not significantly reduced.
increase the protection percentage against seizure Furthermore, there was no protection against sei-
compared with the control. However, this effect zure with increasing dose (p > 0.05, Fisher’s exact
was not significant (p > 0.05, Fisher’s exact test; test; Figure 4(c)).
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Discussion

In the present study, the anticonvulsant effects of sin-
gle and multiple administration of quercetin were
investigated in acute and chronic models of seizure,
which was induced by PTZ in rats.

Our results demonstrated that acute intraperito-
neal administration of quercetin did not affect GTCS
induced by PTZ. Also, multiple oral administration
of quercetin did not significantly affect GTCS
induced by PTZ. At the same dose, multiple intraper-
itoneal administration of quercetin significantly
increased only time to death compared with that of
the control.

Quercetin pretreatment had no significant effects
on the pattern of convulsion development during all
periods of kindling. On the test day (after kindling),
100 mg/kg quercetin significantly increased GTCS
onset and reduced GTCS duration. Furthermore, 100
mg/kg quercetin increased the protection percentage
against seizures but this effect was not significant.
Similar to kindling, 200 mg/kg quercetin did not show
an anticonvulsive effect, and GTCS duration was not
significantly reduced. Moreover, there was no protec-
tion against seizure when the dose was increased to
200 mg/kg.

Flavonoids are a group of structurally related phenyl
benzopyrones. They are subdivided into the following
main classes: flavones, flavanones, flavonols, isofla-
vones, flavans, and flavan-3-ols. They are found in all
plants and therefore form part of the human diet (Hall
et al., 2005).

It was established that in the PTZ kindling model,
the susceptibility to seizures following injection of
initially subconvulsive doses of PTZ is increased and
culminated in GTCS. After repeated or single dose
administration of PTZ, the GABAergic function is
decreased, and the stimulation and modification of
sensitivity of different glutamate receptor subtypes
in many brain regions occur (Corda et al., 1992;
Rauca et al., 1999). With regard to the anticonvulsant
effects of quercetin on the test day, it was reported
that quercetin, at concentrations of about 0.34 pM,
could inhibit a1y, s GABA,, and p; GABA, recep-
tors, and it was suggested that quercetin acts as a mod-
ulator of o GABA receptors (Goutman et al., 2003).
Thus, these protective effects of quercetin on the test
day may relate to its modulatory effect on GABA
receptors in our study.

Acute administration of quercetin (50 mg/kg) to
animals withdrawn from ethanol did not prevent

withdrawal-induced anxiety. However, single and
multiple oral administration of quercetin (2050
mg/kg) following ethanol withdrawal showed protec-
tive effects against a nonconvulsive dose (40—60 mg/
kg) of PTZ (Joshi et al., 2005). In our study, acute
intraperitoneal administration of quercetin (50 mg/
kg) could not show protection against PTZ-
induced seizure; furthermore, multiple oral admin-
istration of quercetin (20-50 mg/kg) did not protect
against PTZ-induced seizure. Since our applied
dose of PTZ was a convulsive dose. However, in
our study, multiple intraperitoneal administration
of quercetin (50 mg/kg) shows some protective
effects and increased time to death of the animals.

It was reported that low concentrations of the fla-
vonoid could stimulate cell proliferation and increase
total antioxidant capacity (TAC) of the cells. On the
other hand, higher concentrations of the flavonoid
decreased cell survival and viability, thiol content,
TAC, and activities of superoxide dismutase, catalase,
and glutathione S-transferase. Furthermore, quercetin
decreased the production of reactive oxygen species
in the cells but produced peroxides in the medium.
Subsequently, it has been suggested that quercetin has
complex oxidative and antioxidative effects (Robasz-
kiewicz et al., 2007). Quercetin causes no significant
toxicity in several animal studies and has beneficial
effects on various in vivo models of neural disorders,
particularly in cerebrovascular insults. However, it
has narrow therapeutic dose range in in vitro studies.
Thus, the risk for neurotoxicity is not negligible
(Ossola et al., 2009). For this reason, it is possible that
quercetin at dose of 200 mg/kg did not show any
anticonvulsant effects during kindling, and quercetin
(100 mg/kg) did not protect against acute administra-
tion of PTZ.

Pretreatment with quercetin had no effects on tyro-
sine hydroxylase positive cells in the substantia nigra
or dopamine levels (Zbarsky et al., 2005). Further-
more, it was found that a single dose of quercetin did
not have protective effect against 6-hydroxydopamine
toxicity in Parkinson’s disease (Ossola et al., 2008).
Similarly, in our study, a single dose of quercetin did
not have a protective effect against PTZ-induced
acute seizure.

In agreement with our study, quercetin did not pro-
tect seizures and movement disorders induced by
NMDA in rats, and it was discussed that the procon-
vulsant effect of quercetin was associated with inhibi-
tion of heat shock protein 70 (Hsp 70) expression
(Nitsinskaia et al., 2010). It was shown that quercetin
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inhibited the expression of Hsps in in vivo and in vitro
studies. It is suggested that quercetin may induce cell
toxicity via changes in protein expression (Nitsinskaia
et al., 2010; Sasaki et al., 2007). However, it was
shown that intracellular metabolism of quercetin in
glial cells can decrease quercetin neuronal toxicity
potential (Vafeiadou et al., 2008).

On the other hand, oxidative stress causes phos-
phorylation of connexin 43 (Cx43), a major part of
gap junction channels, causes conformational changes
in gap junctions and then inhibits gap junction inter-
cellular communication. It was shown that antioxi-
dant properties of quercetin may be responsible for
the suppression of hydrogen peroxide-induced phos-
phorylation of extracellular signal-regulated protein
kinase 1/2 and Cx43 and prevention of gap junction
intercellular communication (Lee et al., 2010). It was
shown that changes in the expression of Cx43 may be
involved in seizure activity in human epileptic tissue
(Garbelli et al., 2011). Gap junction blocker could
attenuate hippocampal seizure activity (Mylvaganam
et al., 2010). Thus, it may be another possibility that
explains why quercetin did not increase the seizure
threshold with some doses in the experiments.

Quercetin is an oral metabolite of rutin (Nakayama
et al., 1993). It was shown that, biochemically, the
4-oxo group and the 2,3 double bond in the C ring
common to both rutin and quercetin are related to
their neuroprotective action. Nevertheless, it was also
demonstrated that rutin has a more significant effect
on spatial memory impairment than quercetin (Pu
et al., 2007).

In agreement with the above studies, in our previ-
ous studies, rutin has potential anticonvulsant effects
in PTZ-induced acute and chronic seizure in rats
(Nassiri-Asl et al., 2008, 2010).

In our study, it seems that the efficacy of intraperi-
toneal administration of quercetin is greater than that
of oral administration. This may be related to its oral
first-pass metabolism that leads to a reduction in the
efficacy of quercetin at same doses compared with
intraperitoneal administration (Bhattaram et al., 2002).

Conclusion

In this study, we conclude that quercetin has a narrow
therapeutic dose range for anticonvulsant activities
and that it has different effects on the seizure thresh-
old. It might therefore be assumed that the effects of
quercetin on seizure threshold occur through different
mechanisms. Also, the route of administration of

quercetin is another important issue that may change
the effect of quercetin on seizure threshold. Further
study is necessary to evaluate the molecular mechan-
isms underlying the different effects of quercetin.

Acknowledgment

The authors are thankful to the Vice Chancellor of Research,
Qazvin University of Medical Sciences, Qazvin, Islamic
Republic of Iran, for financial support. The results described
in this article are part of an MD thesis.

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

References

Amalia PM, Possa MN, Augusto MC, and Francisca LS
(2007) Quercetin prevents oxidative stress in cirrhotic
rats. Digestive Disease and Science 52(10): 2616-2621.

Bhattaram VA, Geraefe U, Kohlert C, Veit M, and Deren-
dorf H (2002) Pharmacokinetics and bioavailability of
herbal medicinal product. Phytomedicine 9(Suppl 3):
1-33.

Borska S, Chmielewska M, Wysocka T, Drag-Zalesinska
M, Zabel M, and Dziegiel P (2012) In vitro effect of
quercetin on human gastric carcinoma: targeting cancer
cells death and MDR. Food and Chemical Toxicology
50(9): 3375-3383.

Chen TJ, Jeng JY, Lin CW, Wu CY, and Chen YC (2006)
Quercetin inhibition of ROS-dependent and independent
apoptosis in rat glioma C6 cells. Toxicology 223(1-2):
113-126.

Choi EJ, Chee KM, and Lee BH (2003) Anti- and prooxi-
dant effects of chronic quercetin administration in rats.
European Journal of Pharmacology 482(1-3): 281-285.

Chondrogianni N, Kapeta S, Chinou I, Vassilatou K, Papas-
sideri I, and Gonos ES (2010) Anti-ageing and rejuve-
nating effects of quercetin. Experimental Gerontology
45(10): 763-771.

Corda MG, Orlandi M, Lecca D, and Giorgi O (1992)
Decrease in GABAergic function induced by pentylene-
tetrazol kindling in rats: antagonism by MK-801. Jour-
nal Pharmacology and Experimental Therapy 262(2):
792-800.

Garbelli R, Frassoni C, Condorelli DF, Trovato Salinaro A,
Musso N, Medici V, et al. (2011) Expression of con-
nexin 43 in the human epileptic and drug-resistant cere-
bral cortex. Neurology 76(10): 895-902.

Goutman JD, Waxemberg MD, Donate-Oliver F, Pomata
PE, and Calvo DJ (2003) Flavonoid modulation of
ionic currents mediated by GABA (A) and GABA(C)

Downloaded from tih.sagepub.com at PENNSYLVANIA STATE UNIV on September 16, 2016


http://tih.sagepub.com/

Toxicology and Industrial Health

receptors. European Journal of Pharmacology 461(2-3):
79-87.

Hall BJ, Chebib M, Hanrahan JR, and Johnston GR (2005)
6-Methylflavanone, a more efficacious positive allos-
teric modulator of y -aminobutyric acid (GABA) action
at human recombinant o,fB,Y, 1 than at of,y, ¢ and
o182 GABA,4 receptors expressed in Xenopus oocytes.
European Journal of Pharmacology 512(2-3): 97-104.

Hansen SL, Sperling BB, and Sanchez C (2004) Anticonvul-
sant and antiepileptogenic effects of GABAA receptor
ligands in pentylen-etetrazole-kindled mice. Progress in
Neuropsychopharmacology Biological Psychiatry 28(1):
105-113.

Harwood M, Danielewska-Nikiel B, Borzelleca JF, Flamm
GW, Williams GM, and Lines TC (2007) A critical
review of the data related to the safety of quercetin and
lack of evidence of in vivo toxicity, including lack of
genotoxic/carcinogenic properties. Food and Chemical
Toxicology 45(11): 2179-2205.

Huang J, Zhu M, Tao Y, Wang S, Chen J, Sun W, et al.
(2012) Therapeutic properties of quercetin on monoso-
dium urate crystal-induced inflammation in rat. Journal
of Pharmacy and Pharmacology 64(8): 1119-1127.

Joshi D, Naidu PS, Singh A, and Kulkarni SK (2005) Pro-
tective effect of quercetin on alcohol abstinence-
induced anxiety and convulsions. Journal of Medicinal
Food 8(3): 392-396.

Kim HS, Wannatung T, Lee S, Yang WK, Chung SH,
Lim JS, et al. (2012) Quercetin enhances hypoxia-
mediated apoptosis via direct inhibition of AMPK activ-
ity in HCT116 colon cancer. Apoptosis 17(9): 938-949.

Lee DE, Shin BJ, Hur HJ, Kim JH, Kim J, Kang NJ, et al.
(2010) Quercetin, the active phenolic component in
kiwifruit, prevents hydrogen peroxide-induced inhibi-
tion of gap-junction intercellular communication. Brit-
ish Journal of Nutrition 104(2): 164—170.

Liu CM, Sun YZ, Sun JM, Ma JQ, and Cheng C (2012) Pro-
tective role of quercetin against lead-induced inflamma-
tory response in rat kidney through the ROS-mediated
MAPKSs and NF-«B pathway. Biochimica et Biophysica
Acta 1820(10): 1693-1703.

Loscher W, Honack D, Fassbender CP, and Nolting B
(1991) The role of technical, biological and pharmacolo-
gical factors in the laboratory evaluation of anticonvul-
sant drugs. III. Pentylenetetrazole seizure models.
Epilepsy Research 8(3): 171-189.

Mortazavi F, Ericson M, Story D, Hulce VD, and Dunbar
GL (2005) Spatial learning deficits and emotional impair-
ments in pentylenetetrazole-kindled rats. Epilepsy and
Behavior 7(4): 629-638.

Mylvaganam S, Zhang L, Wu C, Zhang ZJ, Samoilova M,
Eubanks J, et al. (2010) Hippocampal seizures alter the
expression of the pannexin and connexin transcriptome.
Journal of Neurochemistry 112(1): 92—102.

Nakayama T, Yamada M, Osawa T, and Kawakishi S
(1993) Suppression of active oxygen-induced cytotoxi-
city by flavonoids. Biochemical Pharmacology 45(1):
265-267.

Nassiri-Asl M, Shariati-Rad S, and Zamansoltani F
(2008) Anticonvulsive effects of intracerebroventricu-
lar administration of rutin in rats. Progress in Neuro-
Psychopharmacology. Biololgy and Psychiatry 32(4):
989-993.

Nassiri-Asl M, Mortazavi SR, Samiee-Rad F, Zangivand
AA, Safdari F, Saroukhani S, et al. (2010) The effects
of rutin on the development of pentylenetetrazole kind-
ling and memory retrieval in rats. Epilepsy and Behavior
18(1-2): 50-53.

Nitsinskaia LE, Ekimova IV, Guzhova IV, Feizulaev BA,
and Pastukhov IUF (2010) Effect of quercetin on the
severity of chemically induced seizures and the content
of heat shock protein 70 in the rat brain structures. Ros-
siiskii fiziologicheskii zhurnal imeni .M. Sechenova
96(3): 283-292.

Ossola B, Kadridinen TM, and Minnistd PT (2009) The
multiple faces of quercetin in neuroprotection. Expert
Opinion on Drug Safety 8(4): 397-409.

Ossola B, Kddrdinen TM, Raasmaja A, and Ménnisto PT
(2008) Time-dependent protective and harmful effects
of quercetin on 6-OHDA-induced toxicity in neuronal
SH-SYSY cells. Toxicology 250(1): 1-8.

Patir H, Sarada SK, Singh S, Mathew T, Singh B, and
Bansal A (2012) Quercetin as a prophylactic measure
against high altitude cerebral edema. Free Radical and
Biology and Medicine 53(4): 659-668.

Pu F, Mishima K, Irie K, Motohashi K, Tanaka Y, Orito K,
et al. (2007) Neuroprotective effects of quercetin and
rutin on spatial memory impairment in an §-arm radial
maze task and neuronal death induced by repeated cere-
bral ischemia in rats. Journal of Pharmacological
Sciences 104(4): 329-334.

Racine RJ (1972) Modification of seizure activity by elec-
trical stimulation. II. Motor seizures. Electroencephalo-
graphy and Clinical Neurophysiology 32(3): 281-294.

Rauca C, Zerbe R, and Jantze H (1999) Formation of free
hydroxyl radicals after pentylenetetrazol-induced sei-
zure and kindling. Brain Research 847(2): 347-351.

Ren SC, Suo QF, Du WT, Pan H, Yang MM, Wang RH,
et al. (2010) Quercetin permeability across blood-
brain barrier and its effect on the viability of U251

Downloaded from tih.sagepub.com at PENNSYLVANIA STATE UNIV on September 16, 2016


http://tih.sagepub.com/

Nassiri-Asl et al. 9

cells. Journal of Sichuan Medical Science 41(5): Simon RP, Greenberg D, and Aminof MJ (2009) Clinical

751-754, 759. Neurology. 7th ed. New York, NY: McGraw-Hill, pp.
Robaszkiewicz A, Balcerczyk A, and Bartosz G (2007) Anti- 272.

oxidative and prooxidative effects of quercetin on A549 Vafeiadou K, Vauzour D, Rodriguez-Mateos A, Whiteman

cells. Cell Biology International 31(10): 1245-1250. M, Williams RJ, and Spencer JP (2008) Glial metabo-
Rossi J 3rd (1996) Sensitization induced by kindling and lism of quercetin reduces its neurotoxic potential.

kindling related phenomena as a model for multiple Archives of Biochemistry and Biophysics 478(2):

chemical sensitivity. Toxicology 111(1-3): 87-100. 195-200.

Sasaki M, Nakamura H, Tsuchiya S, Horie S, Kashiwaya- Zbarsky V, Datla KP, Parkar S, Rai DK, Aruoma OI, and
nagi M, Saito T, et al. (2007) Quercetin-induced PC12 Dexter DT (2005) Neuroprotective properties of the nat-

cell death accompanied by caspase-mediated DNA frag- ural phenolic antioxidants curcumin and naringenin but
mentation. Biological and Pharmacological Bulletin not quercetin and fisetin in a 6-OHDA model of Parkin-
30(4): 682—686. son’s disease. Free Radical Research 39(10): 1119-1125.

Downloaded from tih.sagepub.com at PENNSYLVANIA STATE UNIV on September 16, 2016


http://tih.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


