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Abstract 
Objective: We examined the effectiveness of Hyssopus officinalis 

(hyssop) aqueous extract on pentylenetetrazole (PTZ)-induced 

acute seizures and the hippocampus iNOS (inducible nitric oxide 

synthases) gene expression as a potential mediator of the effects. 

Materials and Methods: Adult male Wistar rats were used. Tonic-

clonic seizures were induced by intraperitoneal (i.p.) injection of 

PTZ (80 mg/kg) then behavioral profile during 30 min was 

characterized by stages defined as seizure scores. Hyssop extract 

were prepared and injected (i.p.) 15 minutes before the seizure 

induction at three doses 50, 100 and 200 mg/kg. Experimental 

groups were as below: (1) saline+PTZ (n=5); (2) Hyssop 

50mg/kg+PTZ (n=10); (3) Hyssop 100mg/kg+PTZ (n=10); (4) 

Hyssop 200 mg/kg+PTZ (n=8). Two hours after the experimental 

procedure, all animals were decapitated, brain was removed and 

right hippocampus was quickly dissected. After total RNA 

extraction and cDNA synthesis quantitative PCR were used for gene 

expression of iNOS.  

Results: Our results showed significant increase (p<0.05) in latency 

to reach stages 5 and 6 of tonic-clonic seizure at dose 100 mg/kg 

hyssop extract. In addition, this dose caused significant increase in 

the gene expression of iNOS in the hippocampus.  

Conclusion: It seems a 100 mg/kg dose of hyssop extract might 

have anticonvulsant effects. However, these anticonvulsant effects 

might not occur through the iNOS gene expression. 

Please cite this paper as:  

Gholami M, Jafari F, Baradaran Z, Amri J, Azhdari-Zarmehri H, Sadegh M. Effects of aqueous extract of 

Hyssopus officinalis on seizures induced by pentylenetetrazole and hippocampus mRNA level of iNOS in rats. 

Avicenna J Phytomed, 2020; 10(3): 213-221.

Introduction 
Epilepsy is a chronic, progressive and 

periodic neurological disorder that occurs 

due to sudden electrical discharge (Vezzani 

et al., 2011). The disease affects 70 million 

people in the worldwide, nearly 80% of them 
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living in developing countries (Auditeau et 

al., 2018; Ngugi et al., 2010). Epileptic 

seizures are the result of an imbalance in the 

degree of excitability of cerebral areas, 

which occurs as abrupt and spontaneous 

evacuation. Brain tissue damage from 

trauma, and infection, and onset of 

inflammatory processes can be the cause of 

this imbalance. Temporal lobe and 

especially the hippocampus, are more 

susceptible to damage caused by epilepsy. 

Temporal lobe epilepsy is the most common 

type of epilepsy (Ahmadi et al., 2013). 

Finding new antiepileptic drugs is the main 

issue of concern because current 

medications have high costs, show drug 

resistance and produce high complications 

such as loss of consciousness, drowsiness, 

decreased white blood cell count, liver 

toxicity, and teratogenic effects (Theodore 

and Fisher, 2004; Wlodarczyk et al., 2012; 

Tolou-Ghamari et al., 2013). Therefore, 

using medicinal plants with fewer 

complications, which are cost-effective and 

available could be an appropriate alternative 

(Auditeau et al., 2018, Sucher and Carles, 

2015).  

Hyssopus officinalis (hyssop) is a 

species of the genus Hyssopus from the 

family Lamiaceae. The extract of hyssop 

include , pinocamphone, isopinocamphone, 

β-pinene, and 1,8-cineole (Ma et al., 2014; 

Miyazaki et al., 2003). Hyssop has been used 

in traditional medicine to treat respiratory 

tract, urinary tract and gastrointestinal 

infections (Javadi et al., 2017). There are 

reports on antioxidant and anti-

inflammatory effects of this plant. It was 

shown that hyssop reduces the expression of 

certain inflammatory cytokines, such as IL-

1 and 17, as well as TNF-α (Özer et al., 

2005). It was reported that hyssop extract is 

a monoamine oxidase-B inhibitor and 

effective in depressive behaviors (Frazer et 

al., 2005; Mazzio et al., 2013). In addition, 

the central nervous system has high 

sensitivity to oxidative stress due to high 

oxygen consumption (Li et al., 2013). Based 

on the available evidence, oxidative stress is 

recognized as a key mechanism in the 

pathogenesis of epilepsy (Shin et al., 2011). 

Oxidation stress increases the production of 

reactive oxygen species (ROS) and reactive 

nitrogen species (RNS). RNS such as 

peroxynitrite (ONOO−) are more important 

because they are produced from nitric oxide 

(NO), which has high emission power and 

acts as a biological messenger in the brain 

(Rutkowski et al., 2007; Banach et al., 

2011). Nitric oxide (NO) is produced from 

L-arginine by the nitric oxide synthase 

enzyme (NOS). This enzyme has three 

isoforms, including brain type (nNOS), 

endothelial type (eNOS) and inducible type 

(iNOS) in immune cells, astrocytes, 

microglia, as well as neurons (Gonzalez-

Hernandez et al., 2000; Murashima et al., 

2000). It was shown that selective inhibitors 

of iNOS such as aminoguanidine, L-N6- (1-

iminoethyl) lysine, and (-) - epigallocatechin 

gallate reduce epilepsy (Park et al., 2001; 

Byun et al., 2009). 

The aim of this study was to investigate 

the effects of hyssop aqueous extract on 

pentylenetetrazole (PTZ)-induced acute 

seizures and hippocampus iNOS mRNA 

expression as a potential mediator of these 

effects. 

 

 
Materials and Methods 
Animals 

In this study, 32 adult male Wistar rats 

(170-200 g) were kept in 12-hr light/dark 

cycles. Food and water were provided 

freely. All experiments and animal works 

were performed considering the Guide for 

the Care and Use of Laboratory Animals 

(8th edition; National Academies Press; 

2011) and endorsed by the Review Board 

and Ethics Committee of Arak University 

of Medical Sciences 

(IR.ARAKMU.REC.1397.372). All 

attempts were made to reduce the number 

of animals and their suffering. 

Experimental groups were as follows: (1) 

saline+PTZ (n=5); (2) Hyssop 50 

mg/kg+PTZ (n=10); (3) Hyssop 100 
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mg/kg+PTZ (n=10); (4) Hyssop 200 

mg/kg+PTZ (n=8).  

 

Plant materials 

The air-dried aerial parts (flowers, 

leaves, and stems) of hyssop were 

purchased and authenticated by herbarium 

of Sabzevar University of Medical Sciences 

(Sabzevar, Iran). The dried plant material 

(50 g) was suspended in water (250 ml) and 

hydro distilled for 2 hr to obtain a yellowish 

oil. The aqueous layer from the distillate 

was extracted and transferred to a rotary 

evaporator apparatus for further extraction. 

Final volume of extract was almost 125 ml 

which means that each ml contained 400 

mg of dried materials. Hyssop extract was 

diluted and freshly made on the day of 

testing using distilled water. The extract 

(50, 100 and 200 mg/kg) was injected (0.5 

ml/rat; i.p.) 15 min (Zareie et al., 2018; 

Sadegh and Sakhaie, 2018) before the 

seizure induction.  

 

PTZ-induced tonic-clonic seizures  

Acute tonic-clonic convulsions were 

provoked by intraperitoneal (i.p.) injection 

of PTZ (80 mg/kg). Immediately after that, 

rats were put into a plexiglass box 

(40×40×40 cm) as animals were visible 

through it and behavioral seizures were 

monitored for 30 min in a blind manner. For 

this purpose, in the experimental groups, all 

injections and seizure stages scoring were 

performed by two different persons. 

Consequential convulsive behaviors were 

categorized as follows (Luttjohann et al., 

2009): stage 1, Sudden behavioral arrest 

and/or motionless staring; stage 2, Facial 

jerking; stage 3, Neck jerks; stage 4, Clonic 

seizure in a sitting position; stage 5, 

Convulsions including clonic and/or tonic–

clonic seizures while lying on the belly; and 

stage 6, Convulsions including clonic 

and/or tonic–clonic seizures while lying on 

the side and/or wild jumping. Latency to 

show each stage and duration of each stage 

were recorded for future analyses. Also, 

rats were observed for mortality rate during 

their convulsion.  

 

Molecular analysis 

Two hours after the monitoring of 

seizure stages for each animal, if survived 

following the stages 6 of convulsions, the 

animal was anesthetized using diethyl ether 

and decapitated. Brain was removed and 

kept in chilled 100 mM PBS (pH 7.4) and 

right hippocampus was quickly dissected. 

Total RNA was extracted using a Trizol 

RNA extraction kit (DNAbiotech) 

according to the manufacturer’s 

instructions. Samples were used 

immediately for the reverse transcription 

reaction using oligo-dT primers (GeneOn, 

Germany) and reverse transcriptase 

(Fermentas, GMBH, Germany) based on 

the manufacturer’s protocol. The reaction 

mixtures were incubated at 25°C for 10 min 

and then at 47°C for 60 min. The reaction 

was stopped by heating at 85°C for 5 min. 

Then, they were chilled at 4°C. cDNA was 

used for quantitative real-time PCR (q-

PCR) by using a SYBER Green Master Mix 

Kit (Sigma,) on a Roche device (Roche, 

Germany). For q-PCR, the following 

conditions were applied: initial heating for 

10 min at 95°C, 40 cycles of amplification, 

each for 60 sec at 95°C, 60 sec at the 

annealing temperature, and 60 sec at 72°C. 

The annealing temperatures were 55°C and 

60°C for glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) and iNOS, 

respectively. To reduce the sample 

variations effects on results, GAPDH as an 

endogenous control was used. The relative 

changes were calculated by the comparative 

Cq method. Primer sequences used for 

amplification were designed using AlleleID 

7 software (Table 1). 
 

Table 1. Primers used in the gene expression study.  
 

Gene Primer sequence Product length Accession number 

GAPDH 
F: TCCCATTCTTCCACCTTTGATGCT 

R: ACCCTGTTGCTGTAGCCATATTCAT 
101 NM-017008.4 

iNOS 
F: ACCCAAGGTCTACGTTCAAGACA 

R: CACATCCCGAGCCATGC 
121 NM-012611.3  
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Statistical analysis 

Data are represented as mean±SEM. 

GraphPad Prism 5.0. software was used to 

analyze the data. Normal distribution of 

data was tested by D'Agostino-Pearson 

normality test and then One-way ANOVA 

followed by Bonferroni post-test was 

applied to evaluate statistically significant 

differences among more than two groups. 

Significance level was set at p<0.05. 

 

 

Results 

Incidence of stages 5-6 and number of 

death in each experimental group following 

the stages 5 and 6, are presented in Table 2 

as descriptive data. 

 

The effect of hyssop extract on the 

latency and duration of seizure stages 

One-way ANOVA followed by 

Bonferroni post-test was used to compare 

mean values of latency to enter seizure 

stages 4-6 and duration of stages 4 and 5 

among the experimental groups.  As shown 

in Figure 1, different doses of the hyssop 

extract (50, 100 and 200 mg/kg) did not 

have a significant effect on the latency to 

enter seizure stages 4 and 5, as well as 

duration of stage 4 compared to the PTZ 

group.   
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Figure 1. Comparison of latency (S4L, S5L and S6L) and duration (S4D and S5D) of seizure stages in 

experimental groups. One-way ANOVA followed by Bonferroni post-test verified that 100 mg/kg of hyssop 

extract has significant effects on increasing the duration of stage 5 (S5D) and subsequently increasing the latency 

to enter seizure stages 6 (S6L), when compared with saline+PTZ group (p<0.05). All data are presented as 

mean±SEM; * p<0.05 and **p<0.01 in comparison with saline+PTZ. S4L: stage 4 latency, S5L: stage 5 latency, 

S6L: stage 6 latency, S4D: stage 4 duration and S5D: stage 5 duration. 
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 But, hyssop extract at the dose of 100 

mg/kg was significantly effective in 

increasing the duration of stage 5 (p<0.05) 

and subsequently increasing the latency to 

enter seizure stages 6 when compared with 

saline+PTZ group (p<0.01). Also, 

descriptive data for mortality rates (Table 

2) revealed better results following 

administration of the 100 mg/kg dose 

compared to other doses. Moreover, at the 

dose of 200 mg/kg of hyssop death rates 

were 100% during the stages 5-6.   

 
Table 2. Prevalence of stages 5-6 and number of 

death in experimental groups.   

 
The effect of hyssop extract on 

hippocampus mRNA level of iNOS  

Hippocampus mRNA level of iNOS was 

assessed in experimental groups after stage 

6 of seizure. After performing the PCR 

reaction, the amplified fragment products 

were analyzed by agarose gel 1.5% to 

determine the reliability and quality of the 

iNOS mRNA status (Figure 2A). In 

addition, RT-PCR was performed to 

quantitatively measure the mRNA level of 

iNOS in the hippocampus (Figure 2B). One-

way ANOVA followed by Bonferroni’s 

post-test was used to compare the data. As 

demonstrated in Figure 2B, treatment of 

epileptic rats with 100 mg/kg of hyssop 

extract led to a significant increase in the 

hippocampus iNOS mRNA level compared 

to the saline+PTZ group (p<0.001).  

However, 50 mg/kg of hyssop extract did 

not have a significant effect on the 

hippocampus iNOS mRNA level when 

compared with the saline+PTZ group. In 

addition, as all rats in the group treated with 

200 mg/kg of hyssop, died before ending 

the seizure stage 6, gene expression data for 

this group was not attainable.  
 

 
 

Figure 2. Comparison of the mean values of 

hippocampus iNOS mRNA level.  A sample agarose 

gel (1.5%) demonstrated to compare the PCR 

reaction products for iNOS and GAPDH in 

hippocampus tissues of experimental groups (A). 

The molecular weights of iNOS and GAPDH are 250 

and 104 bps, respectively. Hippocampus iNOS 

mRNA levels were significantly increased in rats 

that received 100 mg/kg of hyssop extract before the 

PTZ injection when compared with saline+PTZ 

group. However, 50 mg/kg of hyssop extract had no 

significant effect (B). Since, mortality was 100% in 

200 mg/kg of hyssop during the seizure stages, gene 

expression data for this group was not achievable.  

One-way ANOVA followed by Bonferroni’s post-

test was used. All data are presented as the 

mean±SEM. *** p<0.001 in comparison with 

saline+PTZ. 

 

 

 

Experimental 

groups 

Number of 

rats/group 

Incidence of 

stages 5-6 

Number of 

death 

Saline+PTZ 5 5 2 

Hyssop 50 

mg/kg+PTZ 

10 10 5 

Hyssop 100 

mg/kg+PTZ 

10 10 2 

Hyssop 200 

mg/kg+PTZ 

8 8 8 
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Discussion 
The effects of different doses of hyssop 

aqueous extract were evaluated on PTZ-

induced acute seizures and hippocampus 

iNOS gene expression. Our results showed  

that 100 mg/kg of the extract was able to 

postpone the occurrence of seizure stages 5 

and 6, which are concomitant with tonic-

clonic attacks. Also, significant increases in 

the iNOS gene expression were observed at 

this dose. 

Induction of acute seizures induced by 

PTZ injection is a common method for 

investigating the effects of antiepileptic 

drugs and chemical compounds (Löscher, 

2011). PTZ works as an antagonist and 

inhibits the inhibitory receptors GABAA in 

the central nervous system, which results in 

increased excitability of the CNS neurons. 

Therefore, compounds which are able to 

reduce this increased excitability or 

compounds with inhibitory effects may 

serve as anticonvulsive and anti-epileptic 

agents in this model (Schmidt and 

Schachter, 2014). Previous studies showed 

that hyssop extracts contain a high 

percentage of a chemical compound called 

iso-pinocamphone (cis- and trans-), which 

was extracted from aqueous or alcoholic 

extraction method (Millet et al., 1981). 

Hold and colleagues (2002) found that the 

pinocamphone works as an antagonist to 

the GABAA receptor (Hold et al., 2002), so 

it is able to increase the brain excitability 

and seizure susceptibility. Regarding to 

those who had reported pinocamphone as a 

compound in both aqueous and alcoholic 

extracts of hyssop, the aqueous extract of 

hyssop in our study might be containing 

pinocamphone. However, its anti-seizure 

effects might be related to the 

pharmacological competition between PTZ 

and pinocamphone to bind GABAA 

receptor as antagonist. In our study, the 

extract was injected 15 min before the PTZ 

and both pinocamphone and PTZ work to 

antagonized GABAA receptors, therefore, 

pinocamphone may be attached to the 

GABAA receptor prior to the arrival of PTZ 

and occupy PTZ binding sites or changed 

the affinity of the receptor for PTZ. As a 

result, the PTZ effects in the group 

receiving the extract would be lower than 

saline+PTZ group and delayed the 

occurrence of stages 5 and 6. In addition, it 

should be noticed that reported convulsive 

effects for pinocamphone in the previous 

studies were not in a PTZ model or seizure 

inducing models (Millet et al., 1979). So, it 

is possible that its competition with PTZ 

shows a different effect. 

Millet and his colleagues (Millet et al., 

1979) showed that non-toxic dose of hyssop 

extract is approximately 80 mg/kg and 

doses above 130 mg/kg of the extract have 

convulsive and toxic effects. However, we 

found that 100 mg/kg of aqueous extract of 

hyssop did not affect seizure stages 1-4. 

But, it increased the delay time to reach the 

stages 5 and 6, which means increasing the 

delay of tonic-clonic attacks. Therefore, it 

seems that 100 mg/kg of hyssop extract was 

able to reduce the spread of tonic-clonic 

seizures. However, at the dose of 200 

mg/kg, these anticonvulsive effects 

disappeared and data from latency and 

duration of seizure stages changed and were 

more similar to data of saline+PTZ group. 

It is possible that the extract contains little 

amount of other chemicals which were not 

effective at low doses of extract, but when 

the doses grew up the effect of these 

compounds improved (Özer et al., 2005) 

and they may interact with the 

anticonvulsive effect of the extract. So, 

based on our results, it seems that the 

effective anticonvulsive dose of hyssop 

aqueous extract is 100 mg/kg and higher 

doses might show different effects even 

toxic and convulsive properties, as also 

previously reported by Millet et al (Millet et 

al., 1979; Millet et al., 1981). 

Hyssop extract contains considerable 

amounts of linalool (Özer et al., 2005). 

Studies showed that anticonvulsive effects 

of linalool were produced by modifying the 

glutamate neurotransmission and reducing 

the system excitability (Elisabetsky et al., 

1999; de Almeida et al., 2009). Therefore, 

at least in part, the response observed in our 
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study might be related to the linalool 

content of the hyssop extract. The hyssop 

extract also contains flavonoid compounds 

(Ma et al., 2014; Özer et al., 2005). It was 

shown that flavonoids can act as a ligand for 

the GABAA receptor and reduce excitation 

of the neurons (de Almeida et al., 2009; 

Wasowski and Marder, 2012). Therefore, 

another explanation for the results of our 

study could be the presence of flavonoids in 

the hyssop extract.  

The results of the hippocampus iNOS 

mRNA level in our study showed that 100 

mg/kg dose of hyssop extract significantly 

increase the expression of iNOS mRNA. 

Gene expression data for the dose of 200 

mg/kg are not given as all rats in this group 

died during the stages 5-6. However, iNOS 

is known as a pro-inflammatory factor 

which induces during the seizures and 

epilepsy (Murashima et al., 2000). Studies 

showed that suppression of iNOS has 

inhibitory effects on seizure development 

(Banach et al., 2011). Also, various studies 

showed that flavonoids and linalool and the 

plant extracts containing these two 

compounds, have inhibitory effects on 

iNOS, and exhibit anti-inflammatory 

effects by reducing NO production (Peana 

et al., 2006). Therefore, our results showed 

contradictory findings with previous 

reports and despite the extract’s 

anticonvulsive effects, hippocampus iNOS 

gene expression increased. These 

unexpected contradictory effects might be 

produced by different chemicals present in 

the extract. Furthermore, it should be 

notified that the observed anticonvulsive 

effects of hyssop extract and its probable 

interaction with GABAA which was 

discussed earlier, occurred fast as we 

injected PTZ 15 min after the injection of 

hyssop extract. But, iNOS gene expression 

data was collected approximately 3 hr after 

the hyssop extract injection. As we know 

inducing the gene expression needs time 

and conversion of this gene expression to 

the physiological results also needs time. 

Thus, as these two contradictory data, 

anticonvulsive effect and increasing the 

iNOS gene expression, might not interact as 

they did not occur at the same time. 

However, it needs to be investigated, if the 

anticonvulsive effect of hyssop is time-

dependent, and if there is a possible 

convulsive effect in a prolonged timeline or 

in chronic administration due to changes in 

iNOS gene expression.       

It seems that 100 mg/kg of hyssop 

extract has anticonvulsive effects. 

However, these anticonvulsant effects are 

not mediated through the inhibition of iNOS 

gene expression. 

  

Acknowledgment 

     This work was supported by Arak 

University of Medical Sciences. 

 

Conflicts of interest 

There is no conflict of interest for 

authors.  

 

 

References 
Ahmadi A, Sayyah M, Khoshkholgh-Sima B, 

Choopani S, Kazemi J, Sadegh M, 

Moradpour F, Nahrevanian H. 2013. Intra-

hippocampal injection of 

lipopolysaccharide inhibits kindled 

seizures and retards kindling rate in adult 

rats. Exp Brain Res, 226: 107-120. 

Auditeau E, Moyano L, Bourdy G, Nizard M, 

Jost J, Ratsimbazafy V, Preux P, 

Boumediene F. 2018. Herbal medicine uses 

to treat people with epilepsy: A survey in 

rural communities of northern Peru. J 

Ethnopharmacol, 215: 184-190. 

Banach M, Piskorska B, Czuczwar S, Borowicz 

K. 2011. Nitric oxide, epileptic seizures, 

and action of antiepileptic drugs. CNS 

Neurol Disord Drug Targets, 10: 808-819. 

Byun J, Lee S, Jeon S, Kwon Y, Lee H, Kim S, 

Kim Y, Kim M, Chun W. 2009. Kainic 

acid-induced neuronal death is attenuated 

by aminoguanidine but aggravated by L-

NAME in mouse hippocampus. Korean J 

Physio Pharma, 13: 265-271. 

De Almeida ER, Rafael KR, Couto GB, 

Ishigami AB. 2009. Anxiolytic and 

anticonvulsant effects on mice of 

flavonoids, linalool, and alpha-tocopherol 

presents in the extract of leaves of Cissus 



Gholami et al. 

AJP, Vol. 10, No. 3, May-Jun 2020                                                220 

sicyoides L. (Vitaceae). J Biomed 

Biotechnol, 2009: 274740. 

Elisabetsky E, Brum L, Souza D. 1999. 

Anticonvulsant properties of linalool in 

glutamate-related seizure models. 

Phytomedicine, 6: 107-113. 

Frazer CJ, Christensen H, Griffiths KM. 2005. 

Effectiveness of treatments for depression 

in older people. Med J Aust, 182: 627-632. 

Gonzalez-Hernandez T, Garcia-Marin V, 

Perez-Delgado M, Gonzalez-Gonzalez M, 

Rancel-Torres N, Gonzalez-Feria L. 2000. 

Nitric oxide synthase expression in the 

cerebral cortex of patients with epilepsy. 

Epilepsia, 41: 1259-1268. 

Hold KM, Sirisoma NS, Sparks SE, Casida JE. 

2002. Metabolism and mode of action of 

cis- and trans-3-pinanones (the active 

ingredients of hyssop oil). Xenobiotica, 32: 

251-265. 

Javadi B, Sahebkar A, Emami S. 2017. 

Medicinal plants for the treatment of 

asthma: A traditional Persian medicine 

perspective. Curr Pharm Des, 23: 1623-

1632. 

Li J, O W, Li W, Jiang ZG, Ghanbari HA. 2013. 

Oxidative stress and neurodegenerative 

disorders. Int J Mol Sci, 14: 24438-24475. 

Löscher W. 2011. Critical review of current 

animal models of seizures and epilepsy 

used in the discovery and development of 

new antiepileptic drugs. Seizure, 20: 359-

368. 

Luttjohann A, Fabene PF, Van Luijtelaar G. 

2009. A revised Racine's scale for PTZ-

induced seizures in rats. Physiol Behav, 98: 

579-586. 

Ma X, Ma X, Ma Z, Sun Z, Yu W, Wang J, Li 

F, Ding J. 2014. The effects of uygur herb 

Hyssopus officinalis L. on the process of 

airway remodeling in asthmatic mice. Evid 

Based Comple Alter Med, 2014. 

Mazzio E, Deiab S, Park K, Soliman KF. 2013. 

High throughput screening to identify 

natural human monoamine oxidase B 

inhibitors. Phytother Res, 27: 818-28. 

Millet Y, Jouglard J, Steinmetz Md, Tognetti P, 

Joanny P, Arditti J. 1981. Toxicity of some 

essential plant oils. Clinical and 

experimental study. Clin Toxicol, 18: 1485-

1498. 

Millet Y, Tognetti P, Lavaire-Perlovisi M, 

Steinmetz Md, Arditti J, Jouglard J. 1979. 

[Experimental study of the toxic convulsant 

properties of commercial preparations of 

essences of sage and hyssop (author's 

transl)]. Rev Electroencephalogr 

Neurophysiol Clin, 9: 8-12. 

Miyazaki H, Matsuura H, Yanagiya C, 

Mizutani J, Tsuji M, Ishihara C. 2003. 

Inhibitory effects of Hyssop (Hyssopus of 

ficinalis) extracts on intestinal α-

glncosidase activity and postprandial 

hyperglycemia. J Nutr Sci Vitamin, 49: 

346-349. 

Murashima Y, Yoshii M, Suzuki J. 2000. Role 

of nitric oxide in the epileptogenesis of EL 

mice. Epilepsia, 41 Suppl 6: S195-S199. 

Ngugi A, Bottomley C, Kleinschmidt I, Sander 

J, Newton C. 2010. Estimation of the 

burden of active and life-time epilepsy: a 

meta-analytic approach. Epilepsia, 51: 883-

890. 

Özer H, Şahin F, Kılıç H, Güllüce M. 2005. 

Essential oil composition of Hyssopus 

officinalis L. subsp. angustifolius (Bieb.) 

Arcangeli from Turkey. Flavo Frag J, 20: 

42-44. 

Park K, Reuben J, Soliman K. 2001. The role of 

inducible-nitric oxide in cocaine-induced 

kindling. Exper Bio Med, 226: 185-190. 

Peana A, Marzocco S, Popolo A, Pinto A. 2006. 

(-)-Linalool inhibits in vitro NO formation: 

probable involvement in the 

antinociceptive activity of this 

monoterpene compound. Life Sci, 78: 719-

723. 

Rutkowski R, Pancewicz S, Rutkowski K, 

Rutkowska J. 2007. [Reactive oxygen and 

nitrogen species in inflammatory process]. 

Pol Merkur Lekarski, 23: 131-136. 

Sadegh M, Sakhaie M. 2018. Carvacrol 

mitigates proconvulsive effects of 

lipopolysaccharide, possibly through the 

hippocampal cyclooxygenase-2 inhibition. 

Metab Brain Dis, 33: 2045-2050. 

Schmidt D, Schachter S. 2014. Drug treatment 

of epilepsy in adults. BMJ, 348: 354. 

Shin E, Jeong J, Chung Y, Kim W, Ko K, Bach 

J, Hong J, Yoneda Y, Kim H. 2011. Role of 

oxidative stress in epileptic seizures. 

Neurochem Inter, 59: 122-137. 

Sucher N, Carles M. 2015. A pharmacological 

basis of herbal medicines for epilepsy. 

Epilepsy Behav, 52: 308-318. 

Theodore W & Fisher R. 2004. Brain 

stimulation for epilepsy. Lancet Neurol, 3: 

111-118. 

Tolou-Ghamari Z, Zare M, Habibabadi J, 

Najafi M. 2013. Antiepileptic drugs: a 



Effects of Hyssopus officinalis on seizure 

 

AJP, Vol. 10, No. 3, May-Jun 2020                                              221 

consideration of clinical and biochemical 

outcome in patients with epilepsy. Inter J 

Preven Med, 4: S330-S337. 

Vezzani A, French J, Bartfai T, Baram T. 2011. 

The role of inflammation in epilepsy. 

Nature reviews. Neurol, 7: 31-40. 

Wasowski C, Marder M. 2012. Flavonoids as 

GABAA receptor ligands: the whole story? 

J Exp Pharmacol, 4: 9-24. 

Wlodarczyk B, Palacios A, George T, Finnell 

R. 2012. Antiepileptic drugs and pregnancy 

outcomes. Ameri J Med Gen. Part A, 158A: 

2071-2090. 

Zareie P, Sadegh M, Palizvan M, Moradi-

Chameh H. 2018. Anticonvulsive effects of 

endocannabinoids; an investigation to 

determine the role of regulatory 

components of endocannabinoid 

metabolism in the pentylenetetrazol 

induced tonic- clonic seizures. Metab Brain 

Dis, 33: 939-948. 

 

 


