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Abstract  

Matricaria recutita L. (chamomile) is a well-known medicinal plant. As the main constituents of 

chamomile, flavonoids such as apigenin, act on benzodiazepine/GABA receptors. This study was 

designed to determine the protective effect of hydroalcoholic Matricaria recutita (MR) extract (hMRxt) 

on pentylenetetrazole (PTZ)-induced kindling model and lipid peroxidation in mice. Forty-eight male 

albino mice (25-30 g) were randomly divided into six groups (n=8). Kindling was induced by 13 PTZ 

injections (35 mg /kg; i.p.) every other day for 26 days. The seizure score was observed and noted until 

30 minutes after the PTZ injection. Finally, the mice were decapitated and their brains were dissected 

out so as to assess some biochemical factors, namely malondialdehyde (MDA) and nitric oxide 

metabolites (NOx) in the brain tissue. One-way ANOVA was used for analysis in Prism 6.0. The results 

showed that hMRxt (400 mg/kg) and valproate (VAP) (150 mg/kg) significantly decreased the 

progression and duration of seizure induced by PTZ (P <0.001). NOx level in the hMRxt (400 mg / kg), 

VAP (150 mg / kg) and the combination of hMRxt (50 mg / kg) + VAP (50 mg / kg) groups was 

significantly reduced compared to the PTZ group. Also, hMRxt (50 and 400 mg/kg) significantly 

increased the MDA level (P <0.001) compared to PTZ and control groups. This study revealed that 

hMRxt protects mice against the PTZ-induced epilepsy via NO signaling with no effect on lipid 

peroxidation. 
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1. Introduction 

Epilepsy refers to a group of chronic 

brain disorders characterized by recurrent 

seizures due to the abnormally excessive 

electrical discharges of cerebral neurons [1]. 

Approximately 70 million people around 

the world suffer from epilepsy [2]. 

Stafstrom et al. divided generalized seizures 
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to different subtypes, each manifested with 

different signs, namely, absence: no clear 

response to external stimuli; generalized 

tonic-clonic: unconsciousness followed by 

bilateral symmetric convulsions of limbs; 

myoclonic: sudden, brief attacks with no 

obvious unconsciousness, and atonic: no 

muscular tone [3]. According to the 

International League Against Epilepsy 

classification, pentylenetetrazole (PTZ) 

kindling is an accepted model for 

simulating the primary generalized epilepsy 

[4]. 

PTZ kindling is a chronic epilepsy 

model characterized by a sustained increase 

in seizure susceptibility. At the molecular 

and cellular scales, PTZ kindling changes 

the levels of some substances responsible 

for the oxidative stress and cause 

neurodegenerative changes in the 

hippocampus [5]. Various 

pathophysiological mechanisms have been 

proposed for epilepsy, including oxidative 

stress, neurotransmitter alterations and the 

imbalance between gamma-aminobutyric 

acidergic (GABA-ergic) and glutamatergic 

system [6]. Nitrosative stress and oxidative 

stress resulting from excessive free radical 

release is well implicated in the initiation 

and progression of epilepsy [7]. Initially, 

oxidative stress was described as an 

imbalance between the generation and 

elimination of reactive oxygen species 

(ROS) and reactive nitrogen species (RNS) 

[8]. Production of ROS has a key role in the 

regulation of biological function, damage to 

cell structures, as well as in the 

pathogenesis of neurodegenerative diseases 

of the central nervous system (CNS), 

including epilepsy [9]. ROS are capable of 

attacking the polyunsaturated fatty acids 

(PUFA) within the cell membrane and 

cause chain reactions of lipid peroxidation 

(LPO) in the membrane [10]. The final 

product of lipid peroxidation is 

malondialdehyde (MDA) [9]. Moreover, 

increased MDA content in some tissues, 

such as the brain, may contribute to the 

increased generation of free radicals [5]. 

Furthermore, LPO is reported to be 

significantly higher in patients with seizures 

than that in normal people [11]. Likewise, 

ROS accumulation, mitochondrial 

dysfunction, LPO and brain edema have 

been observed following the prolonged 

epileptic seizures [8, 12].  

Produced by NO synthase (NOS), nitric 

oxide (NO) is an important signaling 

molecule that essentially regulates various 

functions. NO acts as an intercellular 

messenger and is also involved in 

intracellular signaling and modulation of 

neuronal transmission. Studies report 

conflicting findings regarding the 
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involvement of NO in the pathophysiology 

of epilepsy [13]. Furthermore, Matricaria 

recuitta (MR), also known as chamomile 

[14], inhibits NO production and inducible 

NOS (iNOS) gene expression, which may 

suggest the indication of chamomile as an 

effective anti-inflammatory agent [15]. 

Different endogenous systems produce ROS 

and RNS in normal conditions. 

Nitrosative/oxidative stress representing an 

imbalance between the production and 

elimination of RNS and ROS combined 

with the reduced production of antioxidants 

causes oxidative toxic stress [16]. However, 

the role and function of NO in the induction 

or containment of seizures has not yet been 

fully elucidated. 

    Despite the existence of a number of 

antiepileptic drugs (AEDs), seizures remain 

refractory in approximately 40% of patients 

[17]. Therefore, patients with epilepsy need 

new treatment approaches. Recently, 

medicinal herbs have attracted the public 

attention due to their milder complications 

[18].  

     MR belongs to the Asteraceae family 

with 130 species, and is an annual plant 

indigenous to Ardebil, Iran [14]. The main 

constituents include several phenolic 

compounds, primarily the flavonoids, such 

as apigenin, quercetin, patuletin, luteolin, 

and their glycosides [14]. Examining the 

pharmacological profile of apigenin reveals 

that it acts on benzodiazepine receptors in 

the CNS [19]. However, there is no study 

available on the chronic administration of 

MR extract (MRxt) in the PTZ induced-

kindling model of epilepsy in mice. 

Furthermore, the mechanism of action of 

MRxt on epilepsy has not been clearly 

determined. In the current study, we aimed 

to examine the effects of hydroalcoholic 

extract of MR (hMRxt) on LPO and NO in 

PTZ-kindled mice. 

 

2. Material and Methods 

2.1. Animals  

Adult male NMRI mice (25–30 g) were 

used in the present study. Animals were 

obtained from the animal house of Kashan 

University of Medical Sciences (KUMS). 

Mice were housed under standard 

conditions including 22-25 °C and a 55±5% 

relative humidity in 12 h light/dark cycle. 

They were acclimated to laboratory 

conditions for a week before 

experimentation. Animals had free access 

to standard food and water [20]. The 

experimental protocol was approved by the 

Ethics Committee of Kashan University of 

Medical Sciences 

(IR.KAUMS.REC.1396.38) [21]. 

 

2.2. Drugs  

PTZ, phosphate buffer saline (PBS), 

trichloroacetic acid, thiobarbituric acid, 

sodium nitrite, vanadium chloride, 

sulfanilamide, N-[1-naphthyl] ethylene-

diamine-dihydrochloride, bovine serum 

albumin (BSA) and Bradford reagent were 

all purchased from Sigma (USA). Sodium 

valproate (VAP) purchased from Raha 

Pharmaceutical Co. (Isfahan) was used as a 

positive control in the present study. All 
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drugs were dissolved in the sterile saline 

and administered intraperitoneally (i.p.). 

hMRxt was diluted to the desired 

concentrations by adding sterile isotonic 

saline and administered (i.p) during the test 

days. P-cumaric acid apigenin 7-glucoside, 

luteolin and apigenin were obtained from 

Carl Roth (Karlsruhe, Germany). 

 

2.3. Plant Material 

 The flowers of MR were collected from the 

Fandoghlo area in Ardabil (38.3822° N, 

48.5550° E, altitude: 1600 m) during May 

2018. The plant was identified by the Institute 

of Forests and Pastures of Iran; Herbarium 

number: 19856.  

 

2.4. Extraction and Preparation of 

Test Samples 

The plant was dried and milled, and the 

dried powder was poured into special 

containers with 300 g/L of ethanol (80%), 

and left to rest for 48 hours. After filtering, 

ethanol was removed from the solution by 

the rotary device. The extract (hMRxt) was 

further diluted with saline to obtain different 

doses [22]. The selected applied doses of 

hMRxt in our study (50 and 400 mg/kg) were 

based on the previous dose-response pilot 

study performed on broad dose ranges (12.5, 

25, 50, 100, 200, 400, 800, 1600, and 3200 

mg/kg) to determine the LD50 in mice [23]. 

The mice were also observed for major signs 

of toxicity (e.g. motor coordination, righting 

reflex and respiratory changes). Moreover, no 

abnormal behavior or mortality was reported 

in the aforementioned study. Our applied 

doses were far less than the reported LD50 

value (3200 mg/kg/b.w.) for MR. 

 

2.5. Standardization of Herbal 

Formulation by RP-HPLC 

Herbal formulation was standardized 

according to the phenolic and flavonoid 

compounds by reverse-phase high-

performance liquid chromatography (RP-

HPLC). The quantitative analysis was 

performed with external standardization by 

measurement of the peak areas using the Lab 

Solutions software (Shimadzu, Japan). Four 

different concentrations of p-cumaric acid (1-

10 μg/ml), apigenin 7-glucoside (5-20 

μg/ml), luteolin (1-10 μg/ml) and apigenin 

(1-10 μg/ml) were used for the calibration 

curve. The HPLC column was a Spherisorb 

ODS-2 (5μm) reversed-phase 4.6 mm × 250 

mm and the flow rate of the mobile phase 

(MeOH in H2O/acetic acid (5–100% MeOH) 

was carried out at a 1.0 mL/min. The detector 

wavelength was set between 210 to 380 nm 

and detection was set at 340 nm. Different 

parameters including UV spectra, retention 

times, and comparison with phenolic and 

flavonoid standards were used for the 

identification of compounds. Each sample 

was injected into HPLC system three times. 

 

2.6. Experimental Grouping 

Forty-eight mice were divided into 6 

groups (n=8). Group 1: control group was 

given saline (i.p.); Group 2: PTZ group was 

given PTZ (35 mg/kg/i.p.) for 13 consecutive 

sessions every 48 hours; Group 3: hMRxt50 

+ PTZ group was pretreated with hMRxt (50 
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mg/kg/i.p.), and then administered with PTZ 

(35 mg/kg/i.p.) for 13 consecutive sessions 

every 48 hours, Group 4: hMRxt400 + PTZ 

group was pretreated with hMRxt (400 

mg/kg/i.p.), and then administered with PTZ 

(35 mg/kg/i.p.) for 13 consecutive sessions 

every 48 hours; Group 5: hMRxt50 + VAP50 

+ PTZ group was pretreated with hMRxt (50 

mg/kg/i.p.) and VAP (50 mg/kg/i.p.), and 

then administered with PTZ (35 mg/kg/i.p.) 

for 13 consecutive sessions every 48 hours; 

Group 6: VAP 150 + PTZ group was 

pretreated with VAP (150 mg/kg/i.p.), and 

then administered with PTZ (35 mg/kg/i.p.) 

for 13 consecutive sessions every 48 hours. 

 

PTZ Kindlin  2.7. 

 All animals, except for the control group, 

were kindled by the injections of PTZ (35 

mg/kg/i.p) on every alternate day for 26 days 

(13 injections), according to the standardized 

procedure [24]. In the four treatment groups 

(different doses of hMRxt and VAP), PTZ 

was administrated 45 min after treatment 

with different doses of hMRxt and VAP [25]. 

After each injection of PTZ, seizure 

behaviors were monitored for 30 min and 

seizure score was evaluated using the 

following modified scale [26]: 0 no response; 

1 ear and facial twitching; 2 convulsive 

waves axially through the body; 3 myoclonic; 

4 generalized clonic convulsions turn over 

into side position; 5 generalized convulsions 

with tonic extension episode and status 

epilepticus (the latency and duration are 

presented in Table 2). 

 

2.8. Brain Tissue Preparation and 

Biochemical Assays 

At the end of the experiment period, all 

animals were sacrificed and their brains were 

immediately removed and washed in cold 

saline twice. The brains were placed into a 

glass bottle and stored in a deep freeze (-80˚ 

C). The brain tissues were homogenized with 

ice-cold 0.1 M PBS (pH 7.4), and the 

homogenized solution was centrifuged for 5 

min at 10000 ×g to remove residue. After 

centrifugation, the clear upper layer was 

taken and used for the estimation of 

biochemical parameters (MDA and NO). 

 

2.9. MDA Evaluation 

     The MDA level in the supernatant was 

measured according to the following 

protocol. Thiobarbituric acid was added to 

the supernatant, then mixed and incubated at 

100˚C for 30 min. After being cooled on ice, 

the samples were centrifuged at 3500×g for 

10 min and the absorbance of the supernatant 

was read at 532 nm. The results were 

expressed in nmol MDA/g protein [27]. 

 

2.10. NO Metabolites (NOx) 

Measurement  

     The levels of NOx (nitrite and nitrate) 

were considered as an indicator of nitric 

oxide activity in brain tissue. The brain NOx 

measurement was based on the Griess 

reaction. Briefly, 0.1 mL of homogenated 

solution was deproteinized by adding 0.2 mL 

of acetonitrile solution and centrifuged for 5 

min at 10000 × g. An amount of 0.1 mL of 
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supernatant, pure water (as blank) or sodium 

nitrite (as standard) was mixed with 0.1 mL 

of vanadium chloride. An amount of 0.05 mL 

sulfanilamide (0.01 %) and 0.05 mL N-[1-

naphthyl] ethylene-diamin-dihydrochloride 

(NED, 0.01 %) were incubated at 37 °C for 

30 min in a dark place. The absorbance was 

read at 540 nm with a spectrophotometer. NO 

concentration was expressed as nmol/mg 

protein [28]. 

 

2.11. Protein Measurement 

     The protein content of the brain 

homogenate was analyzed based on the 

Bradford method. BSA was used as standard. 

Brain homogenate (5 μl) was added to 200 μl 

of Bradford reagent and incubated at 37°C 

for 10 min. The absorbance was recorded at 

595 nm by a microplate spectrophotometer 

[29]. 

 

2.12. Statistical Analyses 

    All data were analyzed using one-way 

analysis of variance (ANOVA), followed by 

Dunnett's post hoc test, and are presented as 

mean ± SEM. A P < 0.05 is considered as 

statistically significant. Statistical analysis 

was performed in Prism 6.0. 

 

3. Results and Discussion 

3.1. HPLC Analysis  

      Quantitative HPLC analysis indicated 

that the flavonoid compounds in the herbal 

formulation were apigenin 7- glucoside 

(674.0 µg/ml), apigenin (137.8 µg/ml), p-

cumaric acid (124.4 µg/ml) and luteolin 

(139.2 µg/ml). The analysis revealed that 

apigenin 7- glycoside and apigenin contents 

in the extract were higher than other 

flavonoids. The apigenin 7-glucoside content 

in the crude extracts was much higher than 

the free apigenin (Table 1 and Figure 1). 

 

3.2. Effect of hMRxt and VAP on Seizure 

Score Induced by PTZ 

      Fig. 2 shows the effect of repeated 

administration of the sub-convulsant dose of 

PTZ (35 mg/kg) in PTZ treated group on 

every alternate day (13 injections) resulted in 

increasing convulsive activity leading to 

generalized clonic–tonic seizures. 

Furthermore, pretreatment with hMRxt in 

hMRxt400 and (hMRxt50+VAPl50+PTZ) 

groups significantly suppressed the 

progression of kindling, as evidenced by a 

decrease in seizure score, compared to the 

PTZ group. Moreover, the VAP150 group 

suppressed the process of kindling, compared 

to the PTZ group. 

 

3.3. Effects of hMRxt on MDA Level in PTZ-

Kindled Mice 

      Fig. 3 shows the effects of effective and 

ineffective doses of hMRxt (400 and 50 

mg/kg, respectively) per se as the pre-

treatments, effective and ineffective doses of 

VAP as the positive control and the 

coadministration of ineffective doses of 

hMRxt and VAP, on brain MDA level 

(nmol/mg protein) in all groups. The one-way 

ANOVA showed a significant difference 

among the groups (P<0.001). The post-hoc 
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Dunnett's test also showed a significant 

difference, compared to the control 

(P<0.001), and a significant difference 

compared to the PTZ group (P< 0.01 and P< 

0.001), respectively.  

 

3.4. Effects of hMRxt on NO Level in PTZ-

Kindled Mice 

      Fig. 4 shows the effects of effective and 

ineffective doses of hMRxt (400 and 50 

mg/kg, respectively) per se as the pre-

treatments, effective and ineffective doses of 

VAP as the positive control and the 

coadministration of ineffective doses of 

hMRxt and VAP on brain NO level 

(nmol/mg protein) in all groups. ANOVA 

showed a significant difference among the 

groups (P<0.001). The post-hoc Dunnett's 

test also showed a significant difference, 

compared to control (P<0.001); and a 

significant difference compared to the PTZ 

group (P<0.001), respectively.  

       In the present study, we evaluated the 

effects of hMRxt on LPO and NOx in the 

PTZ-kindled mice. We found that the 

administration of PTZ (35 mg/kg) on 

alternative sessions for 26 days (13 

injections) significantly increased the mean 

seizure score and developed a generalized 

tonic-clonic seizure in mice. However, the 

hMRxt pretreatment (400 mg/kg) and 

coadministration of a sub-effective dose of 

hMRxt (50 mg/kg) and VAP (50 mg/kg) 

significantly attenuated the PTZ induced-

seizure score, presented as the longer latency 

and shorter duration of 5th phase in Table 2. 

NOx level alterations in mice also indicate 

the anti-epileptogenic potential of hMRxt. 

      As mentioned previously, MR belongs to 

the Asteraceae family, which consists of 130 

species, and is an annual plant indigenous to 

Ardebil, Iran [14]. The main constituents 

include several phenolic compounds, primarily 

flavonoids such as apigenin, quercetin, 

patuletin, luteolin, and their glycosides. 

Apigenin competitively binds to the 

benzodiazepine binding site of GABAA 

receptors [30]. 

Benzodiazepines are the main class of 

psychoactive agents with efficient therapeutic 

properties and commonly used in clinical 

practice. Given the mechanism of 

benzodiazepines as indirect GABA 

modulators, they can augment the GABAA 

channel current [31,32]. 

     Mechanistically, considering the similarity 

of flavonoids to the benzodiazepines, the 

antiepileptic action of flavonoids occurs via 

the modulation of the GABAA channels [6]. 

Similarly, apigenin acts through its 

competitive binding to the benzodiazepine 

site of the GABAA receptors [19]. It is 

presumed that apigenin binds to the 

aforementioned receptors, results in an 

increase in Cl- influx, and causes the 

antiepileptic effect of the hMRxt.  

     Numerous ingredients with diverse 

pharmacological actions are identified in 

chamomile including terpenoids and 

flavonoids such as apigenin [18]. In 

particular, among the flavonoids are apigenin 

7-glucoside, apigenin, luteolin, and p-

cumaric acid. One of the highly potent 
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flavonoids found in chamomile with a high 

affinity to benzodiazepine receptors is 

apigenin [18, 29, 31]. 

        However, according to other animal 

studies, apigenin exerts a tranquilizing effect 

via its inverse agonistic action on 

benzodiazepine receptors and as a result is 

considered as a weak epileptic agent [33]. In 

addition, an inhibitory effect against 

excitotoxicity has been reported for apigenin 

[34]. The antagonistic action of apigenin on 

glutamate conductance through kainate 

receptors may block the onset and spread of 

epileptic activity. Therefore, it is suggested 

that apigenin found in high-dose hMRxt (400 

mg/kg group) has the potential of alleviating 

the seizure activity by modulating the GABA 

channels. Moreover, it is reported that the 

inflammatory agents (e.g. PGE2) cause the 

glutamate release from astrocytes [35; 36]. It 

is believed that chamomile alleviates the 

epileptic attacks through its anti-

inflammatory effect and its inhibitory effect 

on PGE2 generation, induced by apigenin 7-

glucoside and the decreased glutamate 

release [37].   

         Considering brain’s high oxygen 

demand and its higher susceptibly to oxidative 

insult induced by ROS and RNS, the epileptic 

activity can increase the ROS/RNS generation  

[38]. The accumulation of free radicals and 

the augmentation of epileptic activity occur by 

activation of glutamine synthase and 

consequently the accumulation of glutamate 

[39]. NO as a multipotential messenger and 

transmitter in the nervous system confers 

different physiological and pathological 

effects [40]. The involvement of NO in the 

pathogenesis of epilepsy is also reported [41, 

42]. Accordingly, Itoh et al. have reported an 

increase in the neuronal NOS activity 

following PTZ kindling [43]. In our study, the 

NO level in the hMRxt (400 mg/kg) group, 

VAP (150 mg/kg) group and the 

coadministration of sub-effective dose of 

hMRxt50 plus VAP (50 mg/kg) group were 

significantly reduced, compared to the PTZ 

group and led to the attenuation of PTZ-

induced epilepsy. Hydrophilic components 

found in chamomile (flavonoids, including 

apigenin as the major component) are reported 

to inhibit iNOS expression in activated 

macrophages and can lead to the inhibition of 

NO release and synthesis [37].  

     The above-mentioned reports for the first 

time demonstrate the finding that hMRxt may 

act via the same pathway that VAP acts in a 

kindling model in mice. However, the details 

of the molecular mechanisms involved in the 

process require further investigation. 

     It is reported that the antiepileptic action of 

VAP is probably due to its effects on the 

GABAergic system, through enzymatic 

reaction and a reduction in excitatory 

neurotransmission [17]. Therefore, since our 

results revealed that an ineffective dose of 

hMRxt in combination with an ineffective 

dose of VAP could attenuate seizure activity 

and decrease the NOx, it is assumed that 

hMRxt may act through the same mechanism 

as VAP, which can potentiate the chamomile 

effect to improve epileptic seizures. Since NO 

plays an important role in mediating 

inflammatory responses and the 
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pathophysiology of epilepsy, our study 

supports the use of chamomile as a potentially 

effective therapeutic anti-inflammatory and 

antiepileptic agent. Nonetheless, chamomile is 

classified as safe in FDA reports, only rare 

mild allergic reactions are mentionable [18]. 

A limitation of the present study is that the 

Griess method for assaying the total NO is an 

indirect method. Hence, we recommend 

designing similar studies in future to use some 

direct and precise methods for NO assaying 

(e.g., electron paramagnetic resonance 

spectroscopy) [44]. 

 

4. Conclusion 

       The results of our study showed that the 

use of hMRxt with increasing MDA levels 

can have oxidizing effects on lipid products, 

so hMRxt should be applied as a medicinal 

herb with caution. It is presumed that hMRxt 

constituents damage the cell membrane and 

result in MDA release into surrounding 

tissues. Overall, hMRxt increases the 

threshold for PTZ-induced epilepsy probably 

through the NO pathway. 
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Tables: 

 

Table 1. The content of main flavonoids in Matricaria recutita L. extract, determined using the HPLC-UV 

method. The data are presented as mean±SEM. 

Compounds Name Regression equation R2 RSD (% w/w) Amount (µg/ml) 

Apigenin 7- glucoside y=105.18x - 77.99 0.993 0.89 674.0±4.9 

Apigenin y=71.15x - 94.42 0.995 0.95 137.8±1.07 

P-cumaric acid y=30.15x + 8.92 0.999 1.17 124.4±1.25 

Luteolin y=23.69x – 19.00 0.997 1.35 139.2±1.54 

 

 

Table 2. Effect of sodium valproate and hydroalcoholic Matricaria recutita extract on the latency and duration 

of 5th phase seizure. The data were expressed as mean ± SEM (n=8 in each group).  

Duration of 5th phase(sec) Latency of 5th phase (min) Experimental groups 

23.71±2.58 2.54±0.09 PTZ 

*9.5±1.09 **6.84±1.21 VAP150+PTZ 

19.5±1.38 3.09±0.65 hMRxt 50+PTZ 

*10±1.15 *6.12±1.16 hMRxt 400+PTZ 

16.57±3.73 3.78±1.04 hMRxt 50+VAP50+PTZ 
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Figures: 

 

 
Figure 1. HPLC chromatogram obtained for main flavonoids content in Matricaria recutita L. extract. Four 

different concentrations of p- cumaric acid (1-10 μg/ml), apigenin 7-glucoside (5-20 μg/ml), luteolin (1-10 

μg/ml) and apigenin (1-10 μg/ml) were used for the calibration curve. The wavelength of detector was ranged 

between 210 to 380 nm and detection set at 340 nm. Each sample was injected three times on HPLC system. 

 

 

 

 
Figure 2. Seizure score in PTZ kindling model. Effect of hMRxt pretreatment on the development of PTZ-

induced kindling. Seizure scores are expressed as mean ± SEM (n=8 in each group). **P<0.01, ***P<0.001 

compared with PTZ group using one-way ANOVA followed by Dunnett’s test as a post-test. PTZ : 

Pentylenetetrazole; hMRxt : Hydroalcoholic Matricaria recutita extract; CON: Control; VAP: Sodium 

valproate. 
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Figure 3.The effects of effective and ineffective doses of hMRxt (400 and 50 mg/kg, respectively) per se, as 

the pre-treatments, effective and ineffective doses of VAP, as the positive control and the coadministration of 

ineffective doses of hMRxt and VAP, on brain MDA level (nmol/mg protein) in all groups in the PTZ-kindled 

mice. Data are expressed as mean ± SEM (n=8 in each group). *** Statistically significant, as compared to the 

CON group. +++ Statistically significant as compared to the PTZ group. ++ Statistically significant as compared 

to the PTZ group. PTZ :Pentylenetetrazole; hMRxt: Hydroalcoholic Matricaria recutita extract; CON: 

Control; VAP: Sodium valproate.  

 

 

 

  
 Figure 4. The effects of effective and ineffective doses of hMRxt (400 and 50 mg/kg, respectively) per se, as 

the pre-treatments, effective and ineffective doses of VAP, as the positive control and the coadministration of 

ineffective doses of hMRxt and VAP, on brain NO level (nmol/mg protein) in all groups in the PTZ-kindled 

mice. Data were expressed as mean ± SEM (n=8 in each group). *** Statistically significant compared to the 

control group. +++ Statistically significant compared to the PTZ group. PTZ :Pentylenetetrazole; hMRxt: 

Hydroalcoholic Matricaria recutita extract; CON: Control; VAP: Sodium valproate.  

 

 


