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ABSTRACT: Epilepsy is a state characterized by sudden, recurrent epileptic seizures that are not initiated by an
identifiable event. There are various studies has been shown that Hypericum species may be used for their anticonvulsant
potentials. Besides, the relationship between anticonvulsant activity and antioxidant effect has already been shown in the
literature. In the current study, H. triquetrifolium was investigated for the first time for its potential antioxidant and
anticonvulsant potential using in vitro and in vivo test models. H. triquetrifolium extracts were tested with DPPH assay,
FRAP assay, copper (II) ion reducing antioxidant capacity assay, and acetylcholinesterase inhibitory activity assay to
understand their antioxidant potential. Especially, methanolic extract of H. triquetrifolium was shown the highest
antioxidant activity. Moreover, a pentylenetetrazole (PTZ, 80 mg/kg, i.p.)-induced seizure model was conducted to
analyze the anticonvulsant activities of H. triquetrifolium extracts in mice. In addition, this study revealed that H.
triquetrifolium decreased the ratio of severe seizures and increased the mean onsite of mortality and survival rate in a
dose-dependent manner. It is thought that the anticonvulsant effect may be either related to the antioxidant potential of
H. triquetrifolium or its interference in the GABAergic system.
KEYWORDS: Hypericum triquetrifolium Turra; antioxidant activity; anticonvulsant activity; epilepsy; Hypericaceae.

1 . INTRODUCTION
The genus Hypericum L. is a member of the Hypericaceae family. This genus, which includes more
than 400 species in the world, is distributed in Africa, North America, Europe, and Asia as well as in the
Mediterranean, tropical, and subtropical regions, and it is distributed in the Near East Regions [1].
Hypericum species contain many bioactive components and essential oils, including naphthodianthronenes,
which are characterized by proanthocyanins, flavonoids, biflavonoids, xanthones, phenylpropanoids, and
their relatives [2,3]. Hypericum species have been widely utilized in traditional/modern medicine as a
medicinal herb for the treatment of wounds, depression, inflammation, burn, and eczema for years. In
Türkiye, the genus is represented by approximately 100 taxa gathered under 19 sections. Moreover, it is
known that 49 Hypericum taxa are endemic [4]. The most common species in Türkiye are represented by
Hypericum perforatum L., (St. John's Wort) Hypericum triquetrifolium Turra, Hypericum calycinum L. (great
flowering Hypericum herb), Hypericum empetrifolium Willd. (puree, yellow puree), Hypericum scabrum L.
(yeast herb, cappirotu), and Hypericum tedrapetum Fries [4,5].
Hypericum triquetrifolium is native mainly to the eastern Mediterranean region. In addition, it can be
seen in Spain, France, Italy, Malta, Libya, Montenegro, Albania, Greece Cyprus, and Türkiye [6]. The species
has recently received much scientific attention as a source of various biologically active compounds such as
polyphenols, hyperoside, quercetin, quercitrin, chlorogenic acid, rutin, kaempferol, and flavonoids [7,8]. The
plant Hypericum triquetrifolium traditionally has soothing, anti-helminthic, anti-inflammatory, and antiseptic
effects [8–10]. In addition, several studies have shown that its essential oil and its crude extracts are mainly
used in the treatment of burn and gastroenteritis with its anti-nociceptive and anti-oxidant effects [8,11–13].
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Epilepsy is a condition characterized by sudden, recurrent epileptic seizures that are not triggered by
an identifiable event, resulting from abnormal and excessive electrical discharge in cortical neurons [14,15].
The disease, which can be seen in all age groups, can be diagnosed in the clinic with various seizure types
associated with different pathophysiology and symptoms [15]. Epilepsy affects 50 million people on a
worldwide scope and this ratio makes the disease one of the most prevalent neurological diseases globally
[16]. It is known that seizure control is around 65-75% with the proper antiepileptic agents given in this
disease [14,16]. Today, studies continue to reduce the side effects of antiepileptic drugs commonly used and
to increase their antiepileptic effects [14,15]. In addition, Hypericum scabrum and Hypericum perforatum were
found to have important anticonvulsant effects [17,18]. As the relationship between anticonvulsant activity
and antioxidant effect has already been shown, examination of the antioxidant potential of the extract is
crucial [19,20]. In the current study, H. triquetrifolium was investigated for its potential antioxidant and
anticonvulsant activities using in vitro and in vivo test models.
2. RESULTS
2.1. Antioxidant Activity
2.1.1. DPPH assay
The free radical scavenging activities of the extracts obtained from the H. triquetrifolium were
determined using the DPPH method. The antioxidant activities of the extracts and ascorbic acid used as a
standard were evaluated by comparing their IC50 values. The results obtained were shown in Table 1. When
the obtained results were compared, it was found that the methanol extract showed the highest DPPH
radical scavenging activity. It was also observed that all extracts had lower radical scavenging activity than
ascorbic acid.
Table 1. DPPH radical scavenging activities of extracts from H. triquetrifolium
Extracts
Methanol
Ethyl acetate
Petroleum ether
Ascorbic acid

DPPH (IC 50: mg/mL)
0,0158±0,008
0,0553±0,0013
0,9909±0,2773
0,004± 0,007

2.1.2. FRAP assay
The iron reducing power is based on the reduction of Fe+3 to Fe+2 of the herbal extract and its
spectrophotometric examination at 593 nm. In this method, high absorbance indicates high iron reduction
potential. When the FRAP values obtained as a result of this study were compared among themselves,
methanol extracts had the highest FRAP values. In addition, it was determined that the H. triquetrifolium had
lower FRAP values than the ascorbic acid compound (Table 2).
Table 2. FRAP values of extracts obtained from H. triquetrifolium
Extracts
Methanol
Ethyl acetate
Petroleum ether
Ascorbic acid

FRAP (mM FeSO4/mg extract)
34,432±1,723
13,6284±1,467
4,7267±0,940
37.925±1,02

2.1.3. Determination of copper (II) ion reducing antioxidant capacity (CUPRAC)
The copper (II) ion reducing the antioxidant capacity of the extracts obtained from the H.
triquetrifolium was evaluated comparatively and the results were shown in Table 3. When the results were
evaluated, it was determined that the methanol extract had a stronger reduction potential of Cu(II) to Cu(I)
than the other extracts, and the petroleum ether extract had the lowest activity (Table 3).

http://dx.doi.org/10.29228/jrp.277
JResPharm 2022;26(6): 1877-1883

1878

Journal of Research in Pharmacy

Kirmizi Sonmez et al.
Antioxidant and anticonvulsant activity of Hypericum triquetrifolium
Turra

ResearchArticle

Table 3. CUPRAC values of extracts obtained from H. triquetrifolium
Extracts
CUPRAC value (mM trolox equivalent/mg extract)
Methanol
91,7035±2,923
Ethyl acetate
47,903±1,19
Petroleum ether
10,25±1,29
Galantamine
104,521±3,91

2.2. Determination of AChE inhibitory activities
AChE enzyme inhibition percentages of different plant extracts were compared according to the Ellman
method (Table 4). According to the results obtained, the methanol extract showed the highest enzyme
inhibition value when the extracts were compared among themselves. When the enzyme inhibition
percentages of all extracts were compared with galantamine, it was observed that all extracts had very
significant inhibition properties.
Table 4. Anticholinesterase activities of extracts obtained from H. triquetrifolium plant.
Extracts
Methanol
Ethyl acetate
Petroleum ether
Galantamine

Enzyme Inhibition (%) (500 μg/mL)
97,754 ± 0,9556
86,015 ± 0,1326
89,440 ± 0,8762
96.54±0,9

2.3. Anticonvulsant activity
PTZ-induced tonic-clonic seizures were created in all the animals used in the test. All experimental
groups were compared with the control group. Mice pretreated once with H. triquetrifolium extracts (500
mg/kg and 1000 mg/kg, p.o.) were compared for the onset of convulsion and onset of mortality. Current
study results have revealed that none of the extracts delayed the onset of convulsion compared to the control
group (p>0.05) (Table 5). In the positive control group, carbamazepine (100 mg/kg) inhibited the severe
tonic-clonic convulsions, especially considerably decreased the ratio of grade IV to 15.8% compared to the
control group (32.0%) and mortality in mice although it could not significantly delay the onset of convulsion
(p>0.05). Besides, a similar pattern of the decrease in severe seizures (ratio of Grade IV, V) has been observed
in both dosages of H. triquetrifolium extracts. It decreased the ratio of grade V to 3.3 % at 1000 mg/kg dosage
compared to the control group (5.1 %), whereas, this ratio was 2.1 % for the positive control group. On the
other hand, although the results were not statistically significant (p>0.05), the mean onsite of mortality
increased in H. triquetrifolium extract in a dose-dependent manner compared to the control group.
Furthermore, H. triquetrifolium extract at the dose of 1000 mg/kg has shown a higher survival rate (%80) than
the control and positive control groups (%40 and %70, respectively) (Table 5).
Table 5. Effects of H. triquetrifolium extract on pentylenetetrazole (PTZ)-induced seizures in mice (n=10).
Experimental
groups
Control
Carbamazepine
100 mg/kg
H. triquetrifolium
500 mg/kg
H. triquetrifolium
1000 mg/kg

Mean onsite
of seizure
(sec)
65.5±5.9
67.7±3.6

Grade
I%

Grade
II %

Grade
III %

Grade
IV %

Grade
V%

Survival
%

5.1
2.1

Mean onsite
of mortality
(sec)
469.3±106.8
425.7±157.4

7.3
9.5

38.5
53.2

17.1
19.4

32.0
15.8

63.2±4.2

4.4

46.5

26.7

17.3

5.1

474.3±88.9

40

61.9±5.7

3.8

43.1

33.5

16.3

3.3

560.0±100.0

80

40
70

Values are expressed in Mean ± SEM. One-way ANOVA was carried out followed by post hoc Dunnet’s multiple comparison test.
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3. DISCUSSION
Epilepsy is a progressive chronic disorder that may cause brain damage, impaired cognition, and
other neurological problems [15]. Although there are many pharmacotherapy options in the drug market,
35% of the patients experience recurrent seizures [14]. Besides antiepileptic drugs may cause severe adverse
drug reactions such as impaired memory and mood disorders [14,15]. Given these efficacy and safety issues,
research based on new antiepileptic alternatives still remains important. Hypericum species have been the
subject of research in many indications, including epilepsy. However, the antioxidant and anticonvulsant
properties of H. triquetrifolium were demonstrated for the first time in this article.
Oxidative stress can be defined as a disproportion between oxidants (free radicals) which may cause
the potential for organic damage. Alteration of reactive oxygen species (ROS) and reactive nitrogen species
(RNS) and decreased bioavailability of nitric oxide (NO) has associated with oxidative stress. It is fact that
oxidative stress has a responsibility on neurological diseases such as epilepsy and Alzheimer’s disease
[19,20]. In addition to these, it is thought that there is a relationship between the above-mentioned
neurological diseases being more common in the geriatric group and the decrease in antioxidant potential in
this population [19,21]. According to this data, it is vital to know the antioxidant capacity of the substance,
while investigating the anticonvulsant effect. Previous studies have shown that rutin, hypericin, and other
phenolic compounds, which are the main active ingredients of Hypericum species, have strong antioxidant
properties [4,7,13,22]. In addition to this, various researches were conducted to demonstrate the high
antioxidant capacities of Hypericum species and related therapeutic approaches [2,4,11,17]. Similar to the
literature, the high antioxidant capacity of H. triquetrifolium, especially its methanolic extract, has been
determined by various tests in this study.
It is known that extracts of Hypericum species are beneficial in central nervous system disorders[4,22].
Although studies on this subject generally focus on antidepressant activity, Hypericum species have also been
shown to be effective in neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease
[23,24]. Reduction of oxidation is the highlighted mechanism of action according to the investigations based
on neurodegenerative diseases and Hypericum species. Furthermore, experimental studies stated that
oxidative stress is a contributing factor to the epileptogenesis [19]. Similar to other neurodegenerative
diseases, antioxidant extracts may have the potential to contribute onset and evolution of epilepsy. In
accordance, various studies stated that Hypericum species may be beneficial in epilepsy treatment. Hypericum
perforatum and H. scabrum are shown anticonvulsant activity in the literature. In both studies, the potential
mechanism of action is based on potent nitric oxide-scavenging activity [17,18]. Moreover, water and butanol
extracts of H. perforatum have reduced the excitability of neurons in a kindling model of epilepsy. Despite
that, an ether extract of H. perforatum has shown pro-epileptic effects [25]. Besides those, PTZ performs its
convulsant effect by inhibiting the GABAergic activity, which is important in the epileptogenesis [26].
Interfering with GABA from Hypericum species may be the second potential mechanism of action. In
addition to all data, this study demonstrated that, although it is not statistically significant, H. triquetrifolium
decreased the ratio of severe seizures and increased the mean onsite of mortality and survival rate in a dosedependent manner.
4. CONCLUSION
In conclusion, antioxidant and anticonvulsant activities of H. triquetrifolium have been indicated by the
current study. H. triquetrifolium is shown antioxidant potential and it is demonstrated anticonvulsant activity
in higher doses. It is thought that the anticonvulsant effect may be either related to the antioxidant potential
of H. triquetrifolium or its interferation of the GABAergic system. Future work should also reveal the effect of
chronic administration and multiple doses of H. triquetrifolium extract on epilepsy. Further well-designed
studies are needed to enlighten the responsible compounds as well as their mechanisms of anticonvulsant
activity.
5. MATERIALS AND METHODS
5.1. Plant materials and preparation of H. triquetrifolium extracts
The H. triquetrifolium was collected from Türkiye. Specimens were identified by Bahar Gürdal and the
voucher specimens were deposited at the Herbarium of the Faculty of Pharmacy, Istanbul University (ISTE
No.: 117306). The plant sample was dried in room conditions. The samples were consumed by the
maceration method. The plant sample was extracted using petroleum ether, ethyl acetate, and methanol at
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room temperature, respectively. The solvents were evaporated using a rotary evaporator at low temperature
and pressure. The raw extracts were kept at + 4 °C in the refrigerator.
5.2. Antioxidant Activity Determination Methods
5.2.1. DPPH assay
The free radical scavenging capacity of extracts was determined by using the previously described
method [27]. The data gained from the investigation were given as IC50 = mg/mL.
5.2.2. FRAP assay
The FRAP assay was conducted according to Benzie and Strain method [28]. FRAP values of the
extracts were given as mM Fe2+/mg extract.
5.2.3. Cupric ion reducing/antioxidant power (CUPRAC) assay
In brief, 60 μL Cu(II)x2H2O, 60 μL neocuproine, and 60 μL NH4Ac (1 M) were mixed. Then 60 μL of
the extract and 10 μL of ethanol were added to the mixture. After the duration time of 60 min, the mixture
absorbance was spectrophotometrically measured at 450 nm. CUPRAC values of the extracts were given as
mM Trolox/mg extract [29].
5.3. Determination of acetylcholinesterase inhibitory activities
The inhibition of acetylcholinesterase (AChE) of extracts was evaluated according to the Ellman
method using a 96-well microplate reader [30]. The findings from this study were given as percent AChE
enzyme inhibition.
5.4. In vivo animal test
The study protocol (permission number: 17.2021.mar) was approved by the Marmara University
Animal Experiments Local Ethics Committee. Female BALB/c mice weighing 22-30 g were used to examine
anticonvulsant effects. The animals were housed in the standard cages (48 cm × 35 cm × 22 cm) at room
temperature (22 ± 2 oC), supplied with artificial light from 7:00 a.m. to 7:00 p.m.; the mice were provided
with pelleted food and water ad libitum. The procedures followed were by animal rights as per the Guide
for the Care and Use of Laboratory Animals.
5.5. Experimental design for anticonvulsant activity
Mice were divided into 4 groups for the anticonvulsant activity test of 10 mice in each group. Group I
was named as the control group and mice received isotonic saline solution (ISS) with oral gavage once (10
ml/kg). Group II, which is chosen as the positive control, was given carbamazepine in a 100 mg/kg dosage
[31,32]. The mice in Groups III and IV were treated with H. triquetrifolium extracts at doses of 500 mg/kg and
1000 mg/kg for evaluating their anticonvulsant activities. For carbamazepine (Group II) and H.
triquetrifolium extract groups (Group III and IV) vehicle was ISS.
5.6. Induction of epileptic seizure and assessment of anticonvulsant activity
The anticonvulsant activities of H. triquetrifolium extracts at doses of 500 mg/kg and 1000 mg/kg were
investigated and compared by a PTZ-induced seizure model in mice [33]. This rodent model is widely used
as a standard method for predicting protection against tonic-clonic seizures in humans [34]. The effective
dose 50 (ED50) value for PTZ which was calculated in the literature was chosen as 80 mg/kg [35]. Firstly,
mice were fasted overnight, and then, ISS (as vehicle 10 ml/kg, p.o.), carbamazepine (100 mg/kg, p.o.), H.
triquetrifolium extracts (500 mg/kg and 1000 mg/kg, p.o.) were administered to different groups 30 min
before the administration of PTZ (80 mg/kg, i.p.) [36]. After PTZ injection, each mouse was placed in a
separate observation box and their behaviors were observed for 30 min for frequency of convulsions, latency
to the onset of seizures, percentage of grades, and mortality [37]. The animals that survived after that period
were considered protected. Moreover, each seizure was graded according to a modified Racine scale as
follows: 1-No movements; 2-Head nodding and myoclonic jerks (MKJ); 3-Forelimb clonus; 4-Rearing; 5Falling and generalized convulsions with tonic extension [38].
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5.7. Statistical Analyses
Statistical analysis was evaluated by using SPSS 22.0 program. Results were reported as mean ± SEM
(standard error of the mean) and as a percentage (%). One-way analysis of variance (One-Way ANOVA, post
hoc Dunnet’s test) was conducted for statistical analyses. Probability levels of less than 0.05 were considered
significant.
Author contributions: Concept – N.I.K.S., M.E.C, T.T, G.Z.O; Design – N.I.K.S., M.E.C, T.T, E.G; Supervision – G.Z.O.;
Resources – N.I.K.S., M.E.C, B.G., T.T, G.Z.O.; Materials – N.I.K.S., M.E.C, B.G., T.T, G.Z.O; Data Collection and/or
Processing – N.I.K.S., E.G., M.E.C, M.E., B.G., T.T; Analysis and/or Interpretation – N.I.K.S., E.G., M.E.C, M.E., B.G.,
T.T; Literature Search – N.I.K.S., M.E.C, T.T; Writing – N.I.K.S., M.E.C, T.T.; Critical Reviews – N.I.K.S., M.E.C, T.T,
G.Z.O
Conflict of interest statement: The authors declared no conflict of interest.

REFERENCES
[1]

Crockett SL, Robson NKB. Taxonomy and Chemotaxonomy of the Genus Hypericum. Med Aromat Plant Sci
Biotechnol 2011;5:1–13.

[2]

Zhang R, Ji Y, Zhang X, Kennelly EJ, Long C. Ethnopharmacology of Hypericum species in China: A
comprehensive review on ethnobotany, phytochemistry and pharmacology. J Ethnopharmacol 2020;254:112686.
[CrossRef]

[3]

Crockett S, Eberhardt M, Kunert O, Schühly W. Hypericum species in the Páramos of Central and South America:
a special focus upon H. irazuense Kuntze ex N. Robson. Phytochem Rev 2010;9:255–69..[CrossRef]

[4]

Özkan EE, Mat A. An overview on Hypericum species of Turkey. J Pharmacogn Phyther 2013;5:38–46. [CrossRef]

[5]

Bingol U, Cosge B, Gurbuz B. Hypericum Species in the Flora of Turkey. Med Aromat Plant Sci Biotechnol
2011;5:86–90.

[6]

Norman K.B. Robson (2002). Studies in the genus Hypericum L. (Guttiferae) 4(2). Section 9. Hypericum sensu lato
(part 2): subsection 1. Hypericum series 1. Hypericum. Bulletin of the Natural History Museum: Botany, 32, pp
61-123. [CrossRef]

[7]

Çirak C, Radušiene J, Janulis V, Ivanauskas L, Çamaş N, Ayan AK. Phenolic constituents of Hypericum
triquetrifolium Turra (Guttiferae) growing in Turkey: Variation among populations and plant parts. Turkish J Biol
2011;35:449–56. [CrossRef]

[8]

Baytop T. Turkiye’de Bitkiler ile Tedavi (Phytotherapy in Turkey, Past and Present). Istanbul: Nobel Publishers;
1999.

[9]

Pistelli L, Bertoli A, Morelli I, Menichini F, Musmanno RA, Di Maggio T, et al. Chemical and antibacterial
evaluation of Hypericum triquetrifolium Turra. Phyther Res 2005;19:787–91. [CrossRef]

[10] Ozturk B, Apaydin S, Goldeli E, Ince I, Zeybek U. Hypericum triquetrifolium Turra. extract exhibits
antiinflammatory activity in the rat. J Ethnopharmacol 2002;80:207–9. [CrossRef]
[11] Conforti F, Loizzo MR, Statti AG, Menichini F. Cytotoxic activity of antioxidant constituents from Hypericum
triquetrifolium Turra. Nat Prod Res 2007;21:42–6. doi:10.1080/14786410500356243.[CrossRef]
[12] Apaydın S, Zeybek U, Ince I, Elgin G, Karamenderes C, Ozturk B, et al. Hypericum triquetrifolium Turra. extract
exhibits antinociceptive activity in the mouse. J Ethnopharmacol 1999;67:307–12. [CrossRef]
[13] Dall’Acqua S, Ak G, Sinan KI, Elbasan F, Ferrarese I, Sut S, et al. Hypericum triquetrifolium and H. neurocalycinum
as Sources of Antioxidants and Multi-Target Bioactive Compounds: A Comprehensive Characterization
Combining In Vitro Bioassays and Integrated NMR and LC-MS Characterization by Using a Multivariate
Approach. Front Pharmacol 2021;12:660735. [CrossRef]
[14] Sørensen AT, Kokaia M. Novel
doi:10.1111/epi.12000.[CrossRef]

approaches

to

epilepsy

treatment.

Epilepsia

2013;54:1–10.

[15] Duncan JS, Sander JW, Sisodiya S, Walker M. Adult Epilepsy. Lancet 2006;367:1087–100. [CrossRef]
[16] World Health Organization. Epilepsy Fact Sheet. https://www.who.int/news-room/fact-sheets/detail/epilepsy
Date of Access:[02.02.21]
[17] Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Ahangar N. Anticonvulsant activity of Hypericum scabrum L.;
Possible mechanism involved. Eur Rev Med Pharmacol Sci 2013;17:2141–4.
http://dx.doi.org/10.29228/jrp.277
JResPharm 2022;26(6): 1877-1883

1882

Journal of Research in Pharmacy

Kirmizi Sonmez et al.
Antioxidant and anticonvulsant activity of Hypericum triquetrifolium
Turra

ResearchArticle

[18] Hosseinzadeh H, Karimi GR, Rakhshanizadeh M. Anticonvulsant effect of Hypericum perforatum: Role of nitric
oxide. J Ethnopharmacol 2005;98:207–8. [CrossRef]
[19] Aguiar CCT, Almeida AB, Arajo PVP, Abreu RNDC De, Chaves EMC, Vale OC Do, et al. Oxidative stress and
epilepsy: Literature review. Oxid Med Cell Longev 2012;2012:795259. [CrossRef]
[20] Patel M. Mitochondrial dysfunction and oxidative stress: cause and consequence of epileptic seizures. Free Radic
Biol Med 2004;37:1951–62. [CrossRef]
[21] Kessler RC, Amminger GP, Aguilar-Gaxiola S, Alonso J, Lee S, Ustun TB. Age of onset of mental disorders: A
review of recent literature. Curr Opin Psychiatry 2007;20:359–64[CrossRef]
[22] Alzoubi KH, Abdel-Hafiz L, Khabour OF, El-Elimat T, Alzubi MA, Alali FQ. Evaluation of the effect of
Hypericum triquetrifolium turra on memory impairment induced by chronic psychosocial stress in rats: Role of
BDNF. Drug Des Devel Ther 2020;14:5299–314. [CrossRef]
[23] Zirak N, Shafiee M, Soltani G, Mirzaei M, Sahebkar A. Hypericum perforatum in the treatment of psychiatric and
neurodegenerative disorders: Current evidence and potential mechanisms of action. J Cell Physiol
2019;234:8496–508. [CrossRef]
[24] Oliveira AI, Pinho C, Sarmento B, Dias ACP. Neuroprotective activity of Hypericum perforatum and its major
components. Front Plant Sci 2016;7:1004. [CrossRef]
[25] Ivetic V, Trivic S, Pogancev MK, Popovic M, Zlinská J. Effects of St John’s wort (Hypericum perforatum L.) extracts
on epileptogenesis. Molecules 2011;16:8062–75. [CrossRef]
[26] De Sarro A, Cecchetti V, Fravolini V, Naccari F, Tabarrini O, De Sarro G. Effects of novel 6-desfluoroquinolones
and classic quinolones on pentylenetetrazole-induced seizures in mice. Antimicrob Agents Chemother
1999;43:1729–36. [CrossRef]
[27] Fu W, Chen J, Cai Y, Lei Y, Chen L, Pei L, et al. Antioxidant, free radical scavenging, anti-inflammatory and
hepatoprotective potential of the extract from Parathelypteris nipponica (Franch. et Sav.) Ching. J Ethnopharmacol
2010;130:521–8. [CrossRef]
[28] Benzie I, Strain JJ. The Ferric Reducing Ability of Plasma (FRAP) as a Measure of ‘“Antioxidant Power”’: The
FRAP Assay. Anal Biochem 1996;239:70–6.[CrossRef]
[29] Apak R, Güçlü K, Özyürek M, Karademir SE. Novel total antioxidant capacity index for dietary polyphenols and
vitamins C and E, using their cupric ion reducing capability in the presence of neocuproine: CUPRAC method. J
Agric Food Chem 2004;52:7970–81. [CrossRef]
[30] Ellman GL, Courtney KD, Andres V, Feather-Stone RM. A new and rapid colorimetric determination of
acetylcholinesterase activity. Biochem Pharmacol 1961;7:88–95.
[31] Bhat MA, Al-Omar MA. Coumarin incorporated triazoles: A new class of anticonvulsants. Acta Pol Pharm Drug Res 2011;68:889–95.
[32] Faiz Arshad M, Siddiqui N, Elkerdasy A, Al Rohaimi AH, Khan SA. Anticonvulsant and neurotoxicity
evaluation of some newly synthesized thiazolyl coumarin derivatives. Am J Pharmacol Toxicol 2014;9:132–
8..[CrossRef]
[33] Kamiński K, Socała K, Zagaja M, Andres-Mach M, Abram M, Jakubiec M, et al. N-Benzyl-(2,5-dioxopyrrolidin-1yl)propanamide (AS-1) with Hybrid Structure as a Candidate for a Broad-Spectrum Antiepileptic Drug.
Neurotherapeutics 2020;17:309–28. [CrossRef]
[34] Keshavarz M, Yekzaman B. Amelioration of pentylenetetrazole-induced seizures by modulators of sigma, nmethyl-d-aspartate, and ryanodine receptors in mice. Iran J Med Sci 2018;43:195–201.
[35] Litchfield JT, Wilcoxon F. A simplified method of evaluating dose-effect experiments. J Pharmacol Exp Ther
1949;96:99–113.
[36] Pithadia AB, Navale A, Mansuri J, Shetty RS, Panchal S, Goswami S. Reversal of experimentally induced seizure
activity in mice by glibenclamide. Ann Neurosci 2013;20:10–2.[CrossRef]
[37] Khoshnood-Mansoorkhani MJ, Moein MR, Oveisi N. Anticonvulsant activity of teucrium polium against seizure
induced by PTZ and MES in mice. Iran J Pharm Res 2010;9:395–401. [CrossRef]
[38] Racine RJ. Modification of seizure activity by electrical stimulation. I. After-discharge threshold.
Electroencephalogr Clin Neurophysiol 1972;32:269-79. [CrossRef]
This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

http://dx.doi.org/10.29228/jrp.277
JResPharm 2022;26(6): 1877-1883

1883

