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ABSTRACT: In this study, the effects of various lichen and usnic acid applications on seizure scores and biochemical 
parameters in brain tissue in rats with epilepsy model was investigated. For this aim, 91 rats were divided into 13 
groups, each containing 7 rats, which were: control, pentylenetetrazole (PTZ) (35 mg/kg), PTZ + Valproic acid (100 
mg/kg), PTZ + Dolichousnea longissima (200 mg/kg), PTZ + Dolichousnea longissima (400 mg/kg), PTZ + Xanthoparmelia 
somloensis ( 50 mg/kg), PTZ + Xanthoparmelia somloensis (200 mg/kg), PTZ + Cetraria islandica (250 mg/kg), PTZ + 
Cetraria islandica (500 mg/kg), PTZ + Pseudevernia furfuracea (250 mg/kg), PTZ + Pseudevernia furfuracea (500 mg/kg), PTZ 
+ usnic acid (50 mg/kg), and PTZ + usnic acid (200 mg/kg). All items were applied with an interval of 120 minutes for a 
period of one week. Seizure detection, seizure scores and total seizure duration of each group was recorded. After the 
applications, oxidative stress parameters and acetylcholinesterase enzyme activity in the brain tissue of rats were 
measured. There was no difference between the groups in the 1st, 2nd, and 3rd injections (p>0.05). Starting from the 4th 
injection, the seizure score was significantly higher in the PTZ group compared to the control group (p<0.05). When the 
effects on locomotor activity were evaluated, no difference was found between any group (p>0.05). In PTZ applied 
groups, an increase in lipid and protein oxidation as well as a decrease in antioxidant and acetylcholine esterase levels 
were observed (p<0.05). Valproic acid, high concentration of lichen extract applications and high and low concentration 
of usnic acid applications were found to reverse this situation (p<0.05). As a result, various lichen extracts and usnic acid 
were shown to reduce behavioral symptoms and oxidative stress of epilepsy, with a preventive effect on the 
complications of epilepsy. 
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 1.  INTRODUCTION 

The World Health Organization (WHO) has stated that epilepsy is one of the most common, most 
serious brain disorders worldwide. This disease causes very serious physical, psychological, social and 
economic consequences. Epilepsy is the name given to a disorder in the brain called an epileptic seizure, 
which is defined as a recurrent and unpredictable interruption of brain functions. This situation reflects 
brain dysfunction caused by a wide variety of causes, rather than being a disease alone. Epileptic 
convulsions not only have very important effects on the brain structure, but also cause neuronal death [1]. 

One of the commonly used methods to study brain excitability is experimental pentylenetetrazole 
(PTZ) administration, which is widely used in studies to develop antiepileptic drugs. Administration of this 
substance causes hippocampal atrophy in experimental animals. Selective neuronal loss and astrocytosis are 
observed in the hippocampus in experimental animals which are treated with PTZ, and magnetic resonance 
imaging studies on these experimental animals shows a decrease in cerebellum volume [2]. 

Although the mechanism of action of PTZ is not known exactly, it has been reported that it causes 
changes in the GABAergic system, glutamergic system and antioxidant defense system. Oxidative stress 
plays an effective role in many epilepsy models. A strong correlation appears to be existence between PTZ 
application and oxidative stress. It has been reported that PTZ kindling causes changes in the antioxidant 
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defense system of the brain [3]. Due to oxidative stress, abnormal structural changes occur in membrane 
lipids, cellular proteins, DNA and RNA. Oxidative stress in the brain is recognized as a common cause of 
many acute neurological disorders, including more chronic diseases such as Parkinson's and Alzheimer's 
diseases [4]. Today, drugs used in the treatment of epilepsy mainly have a palliative effect. In addition, since 
the approved drugs in epilepsy are mainly used for a life-time, this can cause significant side effects. It also 
creates serious problems in terms of drug interactions. Therefore, there is a serious need to investigate new 
pharmacological agents for the treatment of epilepsy. Therefore, the discovery of natural alternatives and/or 
complementary agents with therapeutic properties is of great importance [4]. 

Nitric oxide (NOx) appears to play a crucial role in a number of physiological and pathophysiological 
processes in the brain, including the modulation of neuronal plasticity, cerebral blood-flow, cognitive and 
behavioral functions, as well as, its involvement in neurological disorders such as ischemia and epilepsy. 
Some studies have suggested that NOx induces neuronal loss and reactive glial proliferation and therefore 
may potentially play a role in the pathogenesis of epilepsy. However, the exact role of NOx in epilepsy is 
still unknown [5].  

Acetylcholine esterase (AchE) is one of the brain’s highly active enzymes that is widely expressed in 
different brain regions and has several functions. It is an enzyme that terminates the cholinergic 
transmission by rapid hydrolysis of the neurotransmitter acetylcholine. The cholinergic system in the brain 
modulates neuronal excitability, synaptic transmission, and synaptic plasticity, playing a significant role in 
many physiological functions. Although a direct role of cholinergic pathway has not been established, 
studies in several models of epilepsy have suggested a link between cholinergic activation and 
epileptogenesis. However, limited data are available on the causal role of cholinergic neurons in the 
occurrence, propagation, and control of seizures [6]. 

Lichens, which are known to have existed since 400 million years, are symbiotic organisms formed as 
a morphological and physiological integrity as a result of the combination of fungi and algae. In lichens, 
which possesses different features from the algae and fungi in terms of morphology and function, there are 
structures called thallus, which are formed as a result of the placement of algae cells between the fungal 
hyphae [7]. Lichen extracts are a source of a plethora of compounds including pulvinic acid derivatives, 
terpenes, carotenoids, depsides, depsidones, depsones, anthraquinones, and xanthones. Such a high 
diversity of compounds, often acting synergistically, makes the extracts very attractive for investigation. 
Moreover, there is growing evidence that crude lichen extracts often have greater in vitro or/and in vivo 
activity as compared to pure compounds. Studies have shown that the use of lichen extracts at the 
appropriate dose and time does not cause a significant toxic effect. On the other hand, conflicting results 
have been obtained regarding usnic acid. While some studies report that usnic acid is hepatotoxic, some 
studies report that it has a hepatoprotective effect. For this reason, it is very important to determine the dose 
applied in studies with lichen extract and lichen secondary metabolites [7,8]. Thanks to the secondary 
metabolites they have, lichens exhibit properties that include various biological activities such as 
antioxidant, antimycobacterial, antiviral, analgesic, cytotoxic, antimicrobial, fungicidal, herbicidal and 
photosystem inhibitor [8]. The effects of lichens and their secondary metabolites on many central nervous 
system diseases have been investigated, and even positive results have been obtained in some of them [9,10]. 
Reddy et al. [9] showed that atranorine, perlatolic acid, and physodic acid exhibit significantly higher 
neurotrophicity, induce up-regulation of neurotrophic gene expressions, inhibit AChE activity, and exhibit 
neurogenic activity. Evidence also exists for neuroprotective and anti-inflammatory properties of evernic 
acid and usnic acid, which can especially be important in the context of Parkinson’s disease [10]. In this 
study, it was aimed to investigate the antiepileptic, antioxidant and potential anti-inflammatory effects of 
lichen species of Dolichousnea longissima (Ach.), Xanthoparmelia somloensis, Cetraria islandica, and Pseudevernia 
furfuracea as well as usnic acid, which is one of the most important secondary metabolites of lichens, in the 
epileptic seizure model experimentally induced with PTZ in rats. 

2. RESULTS  

2.1. Seizure scores for D. longissima extract administration 

There was no difference between the groups in the 1st, 2nd, and 3rd injections of PTZ (p>0.05). Starting 
from the 4th injection, the seizure score was significantly higher in the PTZ group compared to the control 
group (p<0.05). Compared with the PTZ group, it was determined that D. longissima extract reduced seizure 
scores at a concentration of 400 mg/kg at the 4th injection, at a concentration of 200 and 400 mg/kg at the 5th 

and 6th injections, and at a concentration of 400 mg/kg at the 8th and 11th injections (p<0.05) (Figure 1). 
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Figure 1. Seizure scores of rats treated with Dolichousnea longissima extract 

         ^ There is a statistically significant difference when compared with the control group (p<0.05) 
         * There is a statistically significant difference when compared with the PTZ group (p<0.05) 

2.2. Seizure scores for X. somloensis extract administration 

There was no difference between the groups in the 1st, 2nd, and 3rd injections of PTZ (p>0.05). Starting 
from the 4th injection, the seizure score was found to be significantly higher in the PTZ group compared to 
the control group (p<0.05). Compared with the PTZ group, 200 mg/kg concentration of X. somloensis extract 
was found to reduce seizure scores in the 4th, 5th, 6th and 7th injections (p<0.05) (Figure 2). 

 
                                       Figure 2. Seizure scores of rats treated with Xanthoparmelia somloensis extract 

                                            ^ There is a statistically significant difference when compared with the control group (p<0.05) 
                                             * There is a statistically significant difference when compared with the PTZ group (p<0.05) 

2.3. Seizure scores for C. islandica extract administration 

There was no difference between the groups in the 1st, 2nd, and 3rd injections of PTZ (p>0.05). Starting 
from the 4th injection, the seizure score was found to be significantly higher in the PTZ group compared to 
the control group (p<0.05). Compared with the PTZ group, it was determined that C. islandica extract 
reduced seizure scores at 250 mg/kg concentration in the 6th and 7th injections, and 250 and 500 mg/kg 
concentrations in the 4th, 5th, 8th, and 11th injections (p<0.05) (Figure 3). 
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                                       Figure 3. Seizure scores of rats treated with Cetraria islandica extract 
                              ^ There is a statistically significant difference when compared with the control group (p<0.05) 
                               * There is a statistically significant difference when compared with the PTZ group (p<0.05) 

2.4. Seizure scores for P. furfuracea extract administration 

There was no difference between the groups in the 1st, 2nd, and 3rd injections of PTZ (p>0.05). Starting 
from the 4th injection, the seizure score was found to be significantly higher in the PTZ group compared to 
the control group (p<0.05). Compared with the PTZ group, it was determined that P. furfuracea extract 
reduced seizure scores at 250 and 500 mg/kg concentrations in the 5th injections, and 500 mg/kg in the 4th, 
6th and 7th injections (p<0.05) (Figure 4). 

 
                                       Figure 4. Seizure scores of rats treated with Pseudevernia furfuracea extract 
                              ^ There is a statistically significant difference when compared with the control group (p<0.05) 
                               * There is a statistically significant difference when compared with the PTZ group (p<0.05) 
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2.5. Seizure scores for usnic acid administration 

There was no difference between the groups in the 1st, 2nd, and 3rd injections of PTZ (p>0.05). Starting 
from the 4th injection, the seizure score was found to be significantly higher in the PTZ group compared to 
the control group (p<0.05). Compared with the PTZ group, it was observed that usnic acid administration 
did not cause a significant change in seizure scores (p>0.05) (Figure 5). 

 
                          Figure 5. Seizure scores of rats treated with usnic acid 
                             ^ There is a statistically significant difference when compared with the control group (p<0.05) 

2.6. Locomotor activity findings for lichen extracts and usnic acid administrations 

When the effects of lichen extracts and usnic acid applications on locomotor activity were examined, 
no significant difference was found between the groups in terms of the duration of rats on Rota Rot (p>0.05) 
(Figure 6A-6E). 

 
Figure 6. Duration of rats treated with several lichen extracts (A: D. longissima; B: X. somloensis; C: C. 
islandica: D: P. furfuracea) and usnic acid (E) on rota rot. 
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2.7. Effects of lichen extracts and usnic acid applications on biochemical parameters 

In our study, superoxide dismutase (SOD), catalase, and AchE activities and reduced glutathione 
(GSH) level in the brain tissue in the PTZ group were found to be lower than the control group (p<0.05). 
Valproic acid, usnic acid and high concentrations of lichen extracts increased the levels of SOD, catalase, and 
AchE activities and GSH level in the brain tissue (p<0.05). It was observed that low-dose lichen applications 
did not cause a significant change in SOD, catalase, and AchE activities and GSH level (p>0.05) (Table 1). 

Table 1. Catalase, SOD and AchE activities and GSH levels of the study groups 
Groups Catalase Activity 

(U/mg prt) 
SOD Activity 
(U/mg prt) 

AchE Level 
(nmol/min/mg prt) 

GSH Level 
(nmol/mg prt) 

Control 372.6±31.5 3.2±0.3 112.2±12.9 67.1±7.2 
PTZ 246.8±23.6* 2.1±0.2* 64.4±7.3* 42.5±4.3* 
PTZ+VA 315.5±28.6** 2.9±0.2** 99.2±8.2** 59.1±5.1** 
PTZ+DL200 264.8±26.9 2.3±0.2 76.0±7.1 48.6±4.6 
PTZ+DL400 291.2±21.5** 2.8±0.2** 87.3±7.5** 56.8±5.2** 
PTZ + XS50 257.3±28.3 2.4±0.3 69.1±7.2 49.2±4.8 
PTZ+XS200 304.9±22.3** 2.8±0.2** 84.2±6.3** 55.9±4.9** 
PTZ+CI250 267.4±27.4 2.3±0.2 68.5±8.6 47.1±4.7 
PTZ+CI500 316.7±24.3** 2.7±0.2** 93.±7.5** 54.3±4.3** 
PTZ+PF250 243.1±29.1 2.2±0.2 73.2±7.5 48.8±4.6 
PTZ+PF500 314.9±26.8** 2.9±0.3** 81.1±7.4** 53.1±5.1** 
PTZ+UA50 294.8±31.6** 2.8±0.2** 93.8±8.8** 53.7±5.9** 
PTZ+UA200 305.4±29.4** 2.9±0.2** 84.7±6.3** 55.4±4.8** 

* Statistically significant compared to the control group (p<0.05) 
** Statistically significant compared to PTZ group (p<0.05)  

In the current study, malondialdehyde (MDA), NOx, and protein carbonyl (PCO) levels in the brain 
tissue in the PTZ group were found to be lower than those of the control group (p<0.05). It was also observed 
that valproic acid, usnic acid, and high concentrations of lichen extracts decreased the MDA, NOx, and 
protein carbonyl levels in the brain tissue (p<0.05). Moreover, the low-dose lichen applications did not cause 
a significant change in these parameters as shown in Table 2 (p>0.05). 

Table 2. MDA, NOx, and PCO activities and GSH levels of the study groups 
Groups MDA Level 

(nmol/mg prt) 
NOx Level 

(nmol/mg prt) 
PCO Level 

(nmol/mg prt) 
Control 24.3±2.6 17.2±1.8 3.2±0.3 
PTZ 32.9±2.8* 29.2±2.6* 5.3±0.4* 
PTZ+VA 26.7±2.6** 21.8±2.2** 3.7±0.3** 
PTZ+DL200 29.5±2.5 27.3±2.8 4.8±0.5 
PTZ+DL400 27.6±2.7** 22.7±2.6** 4.1±0.4** 
PTZ + XS50 30.7±3.2 26.4±2.4 4.9±0.5 
PTZ+XS200 27.3±2.5** 23.4±2.5** 4.3±0.4** 
PTZ+CI250 28.7±3.1 26.9±2.6 5.1±0.4 
PTZ+CI500 25.4±2.4** 23.7±2.0** 4.4±0.4** 
PTZ+PF250 29.4±2.6 27.9±2.2 4.9±0.4 
PTZ+PF500 26.8±2.1** 23.4±1.9** 3.9±0.3** 
PTZ+UA50 24.9±3.2** 21.9±3.2** 3.6±0.4** 
PTZ+UA200 27.2±2.3** 22.1±2.1** 4.1±0.4** 

* Statistically significant compared to the control group (p<0.05) 
** Statistically significant compared to PTZ group (p<0.05)  

3. DISCUSSION 

Epilepsy is a chronically progressive brain disease that occurs due to rapid, increased neuronal 
excitability of nerve cells in the brain, with a prevalance of approximately 0.5-1%. Although approximately 
30% of the patients use antiepileptic drugs, epileptic seizures remains to be existent. Mortality and morbidity 
may occur as a result of these uncontrollable seizures.  The prevention or decrease in the number of seizures 
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is achieved with antiepileptic drugs used by patients. By carrying out studies in this direction, there is strong 
effort to develop drugs that are suitable for the type of epilepsy and that are pharmacoeconomically 
accessible [29]. 

Unexpected and sudden deaths that occur during seizures or seizure free perios in epilepsy patients 
may also occur due to physiological irregularities that occur in the body as a result of seizures over time. 
Although many studies have been carried out to understand the mechanism of epilepsy and seizures by 
creating different epileptic experimental animal models, and many antiepileptic drugs have been 
investigated, the cellular basis of epilepsy has not been fully understood nor an effective antiepileptic drug 
has been found for all epilepsy types [29, 30]. In the current study, the PTZ-induced kindling model was 
used to create the experimental epilepsy model. Studies have suggested that PTZ exerts its effect by blocking 
GABAA receptors. Chemical kindling seizures induced by PTZ are an animal model of human absence 
epilepsy and myoclonic, generalized tonic-clonic seizures. This model is a frequently used epilepsy model 
for drug development [31]. In this study, rats were administered with saline, various lichen extracts, usnic 
acid and valproic acid as a positive control for a period of three days a week (Monday, Wednesday and 
Friday). Behavioral signs of animals were monitored for 30 minutes on the study day. When the control 
group and PTZ group were compared, it was found that the number of seizures was statistically 
significantly higher in the PTZ group. In addition, a statistical significance was found in the valproic acid, 
usnic acid and lichen extracts groups when compared with the PTZ group. Our results show that injection of 
35 mg/kg PTZ produces seizures lasting 30 minutes or more. 

On the test day, various lichen extracts, usnic acid or valproic acid were given to the animals 120 
minutes before the administration of PTZ (35 mg/kg, i.p), and the duration of myoclonic seizures was 
monitored for 30 minutes. Animals were placed in clear plexiglass cages immediately after PTZ application 
and evaluated according to the modified Racine scale for 30 minutes. When the control group and PTZ 
group were compared, it was found that the duration of myoclonic seizures was statistically significantly 
higher in the PTZ group. When the control group and other experimental groups were compared in terms of 
myoclonic seizure duration, no statistical difference was found between them. These results were in line 
with the results in the literature in terms of myoclonic seizure duration of 35 mg/kg PTZ injection. We think 
that these results could occur due to the agonist effects of lichens on the GABA receptor. GABA receptors are 
known as the most important receptors taking part in epilepsy. The observed effects in this study were 
probably due to the effects of lichens on the GABA receptor [32]. In addition, we think that the existing 
antioxidant activities of lichens may contribute to this effect [33-35]. It was observed that valproic acid and 
lichen extractsprolong the onset of epileptic seizures. It is thought that this result may be caused by the 
effects of lichens on the GABA receptor. These data are similar to studies conducted with substances with 
GABA-mimetic and antioxidant properties, which are alsoprobably related to the GABA-mimetic effect and 
antioxidant effect of lichens [32-35]. 

In the current study, the biochemical parameters of changes in the acetylcholinesterase enzyme 
activity, total antioxidant levels, and total oxidant levels of the brain tissue were investigated. AchE is an 
enzyme playing an important role in cholinergic neuron transmission, which provides rapid hydrolysis of 
acetylcholine and releaseing into the synapses [36]. In more significant studies, it has been reported that 
seizures reduce AchE activity in epileptic rat brains, leading to unconsciousness [37]. Decreased AchE levels 
in the brain are associated with loss of consciousness [38]. The decrease in AchE activity in the hippocampus 
and midbrain has been reported to occur within 30 minutes of electrically induced crises [39]. Pahuja et al. 
[40] reported that AchE activity decreased significantly in the epilepsy model, which they created with the 
PTZ group. This situation is associated with impaired consciousness development in epilepsy. According to 
the findings of our study, AchE activity decreased in the epilepsy model created with PTZ. It was observed 
that the decreased AChE activity increased again in the groups treated with valproic acid and lichen 
extracts. We think that the reason why different types of lichen extracts delay the onset of epileptic seizures 
in PTZ kindling epilepsy model is resulted from the re-increase of AchE activity in the brain. 

In recent years, studies have focused on oxidative stress in epileptic seizures. There is some evidence 
to suggest that mitochondrial dysfunction and oxidative stress are both causes and consequences of epileptic 
seizures. Experimental seizures are known to be associated with severe release of reactive oxygen groups. 
Likewise, PTZ-induced epileptic seizures seem to cause oxidative stress by disrupting the antioxidant 
defense system and increasing lipid peroxidation in brain tissue [41]. Increasing number of data brings to 
mind the relationship of oxidative stress in the pathophysiology of epilepsy. Excessive oxidative stress 
contributes to neuronal degeneration through lipid peroxidation and decreases glutathione concentration in 
the epileptic focus [42]. İlhan et al. [43] reported that MDA and NOx levels in the brain tissue increased and 
SOD activity did not change in epileptic seizures induced by PTZ in mice. Obay et al. [41] showed that in the 
epileptic seizure model which developed with PTZ in rats, the levels of MDA in the brain tissue of those 
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who had seizures increased compared to the controls, and the levels of SOD, CAT, and GSH decreased. 
Erakovic et al. [44] showed that there was no significant difference in SOD activity in brain tissue after a 
single dose of PTZ compared to controls. Akbas et al. [45] reported that in the seizure model they created 
with PTZ, SOD activity decreased in erythrocyte and liver compared to controls, whereas CAT activity 
decreased in erythrocyte but remained unchanged in the liver. Some studies report that SOD, CAT and NOx 
levels increase during epileptic seizures, while some do not change, while others decrease. These differences 
may be due to the methods used in these studies. The increase in enzyme activity resulting from oxidative 
stress may decrease after a while due to the degradation of the enzyme. The relationship between epilepsy 
and NOx has been reported in many studies. However, the nature of this relationship is still unclear. Some 
researchers report that inhibiting NOx formation prevents seizure formation [46]. 

In recent years, studies have focused on oxidative stress in seizures. There is evidence that 
mitochondrial dysfunction and oxidative stress play a role as both a consequence and a cause of epileptic 
seizures. Experimental seizures are known to be associated with severe release of reactive oxygen groups. In 
some studies, it has been reported that many antiepileptic drugs increase oxidative stress. Likewise, acute 
PTZ-induced epileptic seizures cause an increase in oxidative stress in brain tissue. It has been reported that 
SOD activity in the brain tissue of PTZ-induced epileptic rats decreases [41]. The opposite effect associated 
with antiepileptic drugs and recurrent seizures limits their use. A growing body of data suggests the 
relevance of oxidative stress in the pathophysiology of epilepsy. Excessive oxidative stress contributes to 
neuronal degeneration through lipid peroxidation and decreases glutathione concentrations in the epileptic 
focus [42]. In an experimental study on TAS values in epilepsy patients, it was stated that while total 
antioxidant capacity levels were decreased in the valproate-treated group, with a significant decrease in total 
antioxidant capacity among untreated epilepsy patients [47]. In another study conducted with epileptic 
patients, it was reported that the antioxidant status in the blood of the patients was lower than that of the 
control group and improved with anti-epileptic drug treatment [48]. 

PTZ-induced seizures cause apoptotic neurodegeneration [49]. In fact, both necrotic and apoptotic 
mechanisms contribute to damage. However, in kindling seizures, it also contacts the formation of free 
radicals as a molecular pathway that causes neuronal damage [50]. Fernández-Moriano et al. [51] suggested 
that lichens possess antioxidant effect thanks to the secondary metabolites they contain. Due to their 
antioxidant properties, lichens play an important role in the prevention of many diseases such as heart 
diseases and cancer that threaten life [52]. Moreover, it has been determined by experimental studies that 
these secondary metabolites reduce blood pressure by increasing the permeability in capillaries [53]. Martinc 
et al. [54] stated that epileptic seizures increase oxidative stress parameters and that antioxidant mechanisms 
are not sufficient to reduce oxidative damage, and stated that antioxidant components to be added to 
antiepileptic treatment may be useful strategies in the therapeutic fight against oxidative stress and 
neurodegeneration caused by epileptic seizures. 

In this study, SOD, catalase and GSH levels in the brain tissue of animals in the PTZ group were 
found to be lower than those of the control group, while MDA, NOx; however, protein carbonyl levels were 
found to be higher. It is seen that valproic acid, both concentrations of usnic acid and especially high 
concentrations of D. longissima (Ach.), X. somloensis, C.islandica, and P. furfuracea extracts increase brain 
tissue acetyl choline esterase, SOD, catalase and GSH levels and decrease MDA, NOx and protein carbonyl 
levels. On the other hand, no significant difference was observed in low-dose lichen applications. 

4. CONCLUSION 

In conclusion, it was observed that high-dose lichen extracts and both concentrations of usnic acid 
application were as effective as valproic acid treatment by preventing epileptic seizures and harmful effects 
of epileptic seizures in the CNS. It was also revealed that lichen and usnic acid applications increased the 
levels of AchE, SOD, catalase and GSH in the brain tissues of epileptic rats. In the current study, it was 
determined that the secondary metabolites in the content of lichens, which are used as natural protective 
agents, have very important functions in the elimination of oxidative stress, and lichen extracts reduce 
oxidative stress in the epilepsy model and have a protective effect. We believe that the results obtained from 
the current study will be evaluated from different perspectives, and will shed light on research on the 
applicability of the nervous system on the biosystem and its applicability in psychological diseases. 
Moreover, it would be useful to investigate the effects of lichens belonging to different flora on the treatment 
of different diseases of the nervous system. It is thought that it is also important to use lichen extracts 
obtained by using different extraction methods for preventive or therapeutic purposes in epileptic rats and 
to observe possible different effects. 
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5. MATERIALS AND METHODS 

5.1. Materials 

In this study, 91 male rats weighing 250-300 g, obtained from the Animal Experiments Unit of Van 
Yüzüncü Yıl University, were divided into 13 groups for each group includes 7 rats. The experimental 
animals were kept in a 12/12 hour light/dark period and at 18-22°C. The rats were quarantined for 
adaptation for 5 days before the experimental application. All experiments followed NIH rules for the care 
and use of laboratory animals, and ethical approval of the study was obtained from Van Yuzuncu Yil 
University Ethical Commission for Animal Experiments (Decision number: 02, Date: 01.03.2018). 

In the current study, 4 lichen species were studied, namely Dolichousnea longissima (Ach.), 
Xanthoparmelia somloensis, Cetraria islandica and Pseudevernia furfuracea. Lichen samples were collected by 
Prof. Dr. Ali ASLAN from Oltu district of Erzurum province on 15 August 2011 and identified by using 
various flora books [11, 12]. The identified lichen samples were kept in Van Yüzüncü Yıl University Faculty 
of Pharmacy Herbarium. The usnic acid used in the study was commercially available (Sigma Aldrich, USA) 
(Catalog No: 329967). 

Lichens were dried and ground into powder, the 10 g of each lichen powder was weighed and 
transferred into a Soxhlet device for extraction (Soxhlet extractor (Isopad, Heidelberg, Germany) with 250 
mL of methanol for 72 hours. The mixture was filtered with Whatman filter paper (no: 1) and the solvent 
was removed in a rotary evaporator (Buchi Labortechnic AG, Flawil, Switzerland) at 40°C. The obtained 
lichen extracts were stored at +4°C until use [13]. 

5.2. PTZ kindling model 

The PTZ kindling model was performed by administering 35 mg/kg PTZ (i.p.) to rats every other day 
[14]. Seizures were recorded, and scored with a camera for 15 minutes after each PTZ injection. Seizure 
scores were evaluated according to the Racine scale [15] (Table 3). Animals in the SF+PTZ group having 
seizures with a score of 4 or higher in 3 consecutive injections were considered to be inflamed. 

Table 3. Behavioral parameters used in seizure scoring 
Seizure Score Observed Behaviors Righting Reflex 

0 No seizure Yes 
1 Temporary twitching of the muscle (twitches in the ear and face) Yes 
2 Myoclonic jerks without rearing Yes 
3 Myoclonic jerks with rearing Yes 
4 Rollover on one side with tonic-clonic seizure No 
5 Rollover on two sides with generalized clonic-tonic seizures No 

 

5.3. Behavioral analyzes 

Rearing, distance traveled, crawling, stereotypical movements and total locomotor activities of the rats 
were measured in the locomotor activity device for 10 minutes. In order to test the motor coordination, the 
measurement was carried out by adjusting the speed of the Rotary Rod tool as 10 rpm. A preliminary trial 
was carried out for the rats for accustoming to the Rota Rot device. The time they were able to stay in the 
Rotary Rod tool was recorded. The highest value of 300 seconds was recorded for rats which never fell off 
the instrument. 

5.4. Experimental groups 

The animals used in the experiments were randomly divided into 13 groups and each group included 
7 rats, as detailed as follows: 
Group 1 (Control group): 1 cc saline (SF) (via gavage) + 1 cc SF (i.p.) was administered. 
Group 2 (PTZ group): 1 cc SF (via gavage) + 1 cc PTZ was administered [14].  
Group 3 (Valproic acid group (100 mg/kg) + PTZ Group): 1 cc valproic acid (100 mg/kg, gavage) [14] + 1 cc 
PTZ was administered. 
Group 4 (D. longissima (Ach.) (200 mg/kg) + PTZ Group): 1 cc D. longissima (Ach.) extract (200 mg/kg, 
gavage) [16] + 1 cc PTZ was administered. 
Group 5 (D. longissima (Ach.) (400 mg/kg)+ PTZ Group): 1 cc D. longissima (Ach.) extract (400 mg/kg, 
gavage) [16] + 1 cc PTZ was administered. 
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Group 6 (X. somloensis (50 mg/kg)+ PTZ Group): 1 cc X. somloensis extract (50 mg/kg, gavage) [17] + 1 cc 
PTZ was administered. 
Group 7 (X. somloensis (200 mg/kg)+ PTZ Group): 1 cc X. somloensis extract (200 mg/kg, gavage) [17] + after 
120 minutes 1 cc PTZ (35 mg/kg, i.p.) was administered. 
Group 8 (C. islandica (250 mg/kg)+ PTZ Group): 1 cc C. islandica extract (250 mg/kg, gavage) [18] + 1 cc 
PTZ was administered. 
Group 9 (C. islandica (500 mg/kg)+ PTZ Group): 1 cc C. islandica extract (500 mg/kg, gavage) [18] + 1 cc 
PTZ was administered. 
Group 10 (P. furfuracea (250 mg/kg)+ PTZ Group): 1 cc P. furfuracea extract (250 mg/kg, gavage) [19] + 1 cc 
PTZ was administered. 
Group 11 (P. furfuracea (500 mg/kg)+ PTZ Group): 1 cc P. furfuracea extract (500 mg/kg, gavage) [19] + 1 cc 
PTZ was administered. 
Group 12 (Usnic acid (50 mg/kg)+ PTZ Group): 1 cc usnic acid (50 mg/kg, gavage) [20] + 1 cc PTZ was 
administered. 
Group 13 (Usnic acid (200 mg/kg)+ PTZ Group): 1 cc usnic acid (200 mg/kg, gavage) [20] + 1 cc PTZ was 
administered. 

All applications were performed three days a week, as Monday, Wednesday and Friday. A total of 11 
PTZ injections were performed over a period of approximately 4 weeks. PTZ applications were performed 
intraperitoneally. Intraperitoneal applications in all groups were performed 2 hours after gavage 
applications. 

5.5. Analysis of oxidative stress parameters 

In this study, oxidative stress parameters were examined using total brain tissues. Brain tissues, 
whose wet weights were adjusted as 50 mg, were hardened with the help of liquid nitrogen and powdered 
in a porcelain mortar. 1/10 (w/v) Tris/sucrose buffer was added onto the tissue transferred to the glass 
tube. Tissue samples transferred to glass tubes were numbered and centrifuged at 3000 rpm for 10 minutes 
at +4°C. After centrifugation, MDA, NOx, PCO, and GSH levels, catalase, SOD, and AchE activities and 
protein levels of the supernatant were measured. 

MDA level was determined by Yagi's [21] tiobarbituric acid reaction method. Catalase activity was 
determined according to the method reported by Aebi [22]. SOD activity was determined according to the 
method reported by Sun et al. [23]. GSH level was analysed according to the method reported by Beutler et 
al. [24]. Measurement of AchE activity was performed according to the method reported by Ellman et al. [25]. 
The amount of NOx was measured using the "Vanadium-3-chloride-Gries Reaction" method reported by 
Miranda et al. [26]. PCO level was measured according to the method reported by Levine et al. [27]. Total 
protein levels of brain tissues were measured in order to specify enzyme activities as specific activities. 
Tissue protein levels were measured according to the method described by Lowry et al. [28].  

5.6. Statistical analysis 

Statistical analyzes were performed using SPSS for Windows v16.0 package program. ANOVA test 
was used to test for statistical differences between groups for all parameters, and Tukey's multiple 
comparison test was used for subgroup comparisons. Mean ± standard deviation values are given as 
descriptive statistics. A p<0.05 value was considered as the difference or relationship is statistically 
significant. 
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