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Abstract

Background: The aim of the present study was to assess the effect of Hawthorn (Crataegus oxyacantha) and physical activity. We
studied its effect on penicillin induced epilepsy. in gerbils.

Materal and Methods: Epilepsy was induced by administration of peniciline G (500 IU, ip). The gerbils were divided randomly in
four groups (6 animals per each group) and studied as described below: 1) Control group 2) Exercise group (30 min/each day for 8
weeks) (Eg) 3) Extract group, 50mg/kg/day/animal in 1 ml saline, 3 h prior to exercise (Exe) 4) Exercise+Extract + (Exe+EXx). The
severity of epilepsy was observed and recorded.

Results: The means of latencies (Mean+SE) were 236+45, 369+36, 386+58 and 433+37 ms in groups of control, Exe, EX, and
Exe+Ex respectively. The mean spike latency significantly (P=0,033 F=3,560) decreased in Exe, Ex and Exe+Ex when compared
control. Although spike frequency significantly (P<0.05) diminished in groups of Exe and Ex, no significant decrease was observed
in control and Exe+Ex. Similar trend was seen for amplitude values. Spike amplitude values were determined to be significantly
(P<0.05) lower than those of control and Exe+EX.

Conclusion: Crataegus oxyacantha extract has shown positive affect to ameliorate on some seizure parameters in this study.
However, further more advanced physiologic and neurochemical studies are required to determine the mechanisms involved.
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Introduction

Epilepsy is one of the most serious neurological disorders which are induced by a sudden increment of stimulatory factors in
the cortical neurons. About 0.5-3.0% of people experience it during their lifetime (Theodore and Fisher, 2007). The
neurophysiological basis of epileptic seizures has been associated with an imbalance between excitatory and inhibitory processes in
the central nervous system (Badawy et al., 2009) which is manifested as a unique form of electrical activity that has a characteristic
EEG and clinical spectrum. An additional contributing factor in process of epileptogenesis is oxidative stress, a disproportion
between reactive oxygen species generation and clearance (Cardenas-Rodriguez et al., 2013). It has been known that during epileptic
attack, oxidative stress occurs, free radicals are produced and membrane lipid peroxidation happens, all of which cause tissue
damage (ilhan et al., 2005). Nevertheless, the brain is susceptible to free radical damage, considering the large lipid content of
myelin sheaths and the high rate of brain oxidative metabolism.

Modern drug therapy of epilepsy is complicated by the inability of drugs to control seizure in some patients and side effects
that range in severity from minimal impairment of the central nervous system. Therefore, there is a growing interest in natural
antioxidants and their application in nutrition and medical treatments since they contribute to the prevention of oxidative stress.

Several species of the genus Crataegus have been reported to possess a wide range of pharmacological actions, especially on
cardiovascular system (Wang et al., 2013). The antioxidant activity of Crataegus preparations contributes significantly to its
therapeutic profile with its flavonoid and procyanidin content. Gou et al. (2003) noted that of 28 fruit pulps tested, the hawthorn pulp
(Chinese hawthorn) produced the highest measure of antioxidant activity. A similarly high antioxidant activity in Crataegus aronia,
a hawthorn indigenous to Israel, Jordan, and the Palestine, has been found (Zhang, 2000). Despite its high level antioxidant property,
the plant has not been reported to have antiepileptic effect yet. However, some studies were undertaken showing its affect on
nervous system. A large randomized controlled trial found that a combination of Crataegus oxyacantha, Eschscholzia californica
and magnesium was more effective than placebo in reducing anxiety in 264 individuals with generalised anxiety disorder (Zapfe Jun,
2001). Another study evaluated for the central effects of the phytotherapeutic product-CPV (dry extract of Crataegus oxyacantha,
Passiflora incarnata and Valeriana officinalis) in animals models. Evaluation of anxiolytic effect of this extract on the elevated plus-
maze (EPM) was carried out in order to investigate the psychopharmacological profile of CPV extract and the result indicated anti-
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anxiety potential of extract (Ljubuncic, 2005). Mild to moderate sedative effect has been demonstrated in humans and animal studies
with hawthorn constituents (Zhang, 2000).

Lack of physical activity is a well-known risk factor for numerous disorders. The relationship between physical exercise and
epilepsy, especially the underlying mechanism involved therein is still intriguing. Physical activity can play a favourable role in
reducing the frequency and intensity of some seizures, as is evident from recent experimental and clinical studies (Souza et al, 2009).
According to some clinical studies, aerobic exercise training programs could either decrease (Eriksen et al., 1994) or have no effect
on seizure frequency (McAuley et al, 2001). However, an exercise-induced increase in epileptiform EEG activity has also been
reported (Horyd et al., 1981; Nakken et al., 1997). Treadmill running training is considered as the most frequently used aerobic
exercise type in the experimental studies (Contarteze et al., 2009).

Stigmatization, social isolation and other related psychological problems are common among patients with epilepsy. There
were established beliefs that patients suffering from epilepsy should avoid physical activity and involvement in sports due to
paroxysmal nature of seizure attacks and the possibility of injury. Therefore, increased sedentary lifestyle among epileptic patients is
observed in population-based studies (Dubow and Kelly, 2003). On the other hand, physical exercise is known to improve physical
and mental health, as well as to contribute to better social integration. Hence, the beneficial aspects of physical exercise are lost for
epilepsy patients (Fountain and May, 2003).

Pharmacodynamics profile of hawthorn extracts has been examined in animal studies (Chang et al., 2005). But no studies of
Crataegus oxyacantha extract and physical activity appear to have been performed on Peniciline G induced epilepsy. The present
experiment was originally undertaken using Mongolian gerbil which exhibits spontaneous seizures in response to sensory
stimulation and forced exploratory behaviour. The aim of the present study is to show possible ameliorative effects of Crataegus
oxyacantha extract alone and combined with physical activity due to its high antioxidant property on experimentally induced

epilepsy.

Materials and Methods
Plant Material

Fruits of Crataegus oxyacantha were collected from Trabzon/Turkey in September. The identity of plant was confirmed by
specimen at Abant Izzet Baysal University by anatomical examination and comparison with plants in herbarium.

Preparation of Extract

The identified fruits were washed 2-3 times with tap water and finally with distilled water and shade dried at room
temperature for about two weeks. Dried plants were ground with a blender. 330 g of powdered plant material was extracted with 900
mL of ethanol in water bath at 45°C for 18 h then filtered with filter paper (Whatman No. 1). Filtrates were evaporated under
vacuum using rotary evaporator at 65°C, dissolved in 20 ml distilled water and then lyophilized. Crataegus oxyacantha extract was
stored at -20°C. Just prior administration, stock solution was prepared by dissolving the extract powder in saline and the working
concentrations of the extract were made by diluting the stock solution.

Animals

A total 24 male Mongolian gerbils weighing 100-140 grams were kept and maintained under standard environmental
conditions of temperature (21.5+2 °C), humidity (60+1%) and 12:12 hour light/dark cycle in a well-ventilated room; and were
allowed free access to standard pellet diet and water ad libitum. The experimental protocol was approved by the Animal Ethics
Committee of Abant izzet Baysal University, Bolu, Turkey.

Experimental Design

The gerbils were divided randomly in four groups (6 animals per group) and studied as described below: 1) Control group 2)
Exercise group (30 min/each day for 8 weeks) (Exe) 3) Extract, 50 mg/kg/day/animal, in 1 ml saline, 3 h prior to exercise (Ex) 4)
Exercise+Extract (Exe+Ex). Gerbils were fasted for 12 h before gavage procedure. Crataegus oxyacantha extract was dissolved in
saline and given to the animals for 3 h prior to the each exercise. The volume of administration was kept at 1ml to the animal. A
gavage tube was used to deliver the substance by the oral route, which is the clinically expected route of administration of extract.

Exercise Protocol

Treadmill adaptation period was performed to animals to accustom the animals to exercise. The CE certified four lane animal
treadmill [May Time 0804, Animal Treadmill] with adjustable settings for rate, distance, running time, speed, inclination and a built-
in memory to store data was used for the physical exercise. In order to avoid any stress during the exercise, all gerbils were subjected
to a conditioning exercise at the lowest treadmill speed for 5 min along 10 consecutive days. To prevent the escape of exercise,
incremental electrical shock was given (1-6 mA) to continue physical activity. After the treadmill adaptation period, all gerbils
continued to exercise for 8 weeks, 30 min once a day according to treadmill exercise. All animals in the experiment were performed
between the hours 10 and 12 in the morning.

Induction of Epilepsy
After 8 weeks gavaging period, 3 h after the last administration of the test material, epilepsy was inducted. Gerbils were

anesthetized with urethane (1.25 g/kg, ip) and placed in a stereotaxic frame under spontaneous respiration. Incision region was
infiltrated with prilokain hydrochloride to prevent possible pain. After shaving, 3 cm incision was created on the skull in the rostro-
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caudal direction. The soft tissue on the skull was removed and the bregma (reference point) was identified. Under stereotaxic
guidance, two stainless still screws were placed over the left somatomotor cortex (first screw 3 mm lateral and 4 mm rostral to
bregma; second screw 3 mm lateral and 4 mm caudal to bregma) and a well conductor bipolar electrode was connected to the screws.
After seeing the brains basal activity with Power Lab data acquisition system, a 1 mm hole was opened (1.5 mm left lateral and 1.5
mm caudal to the bregma) with a hand drill for penicillin G potassium (Sigma Chemical Co., St. Louis, MO, USA) injection
dissolved in sterile physiological saline. The epileptic focus was produced by single dose of 500 IU intracortical penicillin G
potassium (1 mm vertical direction to the brain surface) by a Hamilton micro syringe (type 701N, 22s gauge, bevel tip) with a
volume of 2.5 pl.

Monitoring, Recording and Ecog Waveform Analysis

Animals were observed for a period of 2 h post penicilline G administration. Induction protocol for seizures described below
was followed. Bipolar Ag/AgCI top electrodes were implanted into the anaesthetized gerbil motor cortex for ECoG recording
steriotaxically. Ag/AgCl clamp electrode was used for grounding: first electrode; 2mm lateral to sagittal suture and 1 mm anterior to
bregma second electrode; 2 mm lateral to sagittal suture and 5 mm posterior to bregma and the grounding electrode which increases
the contact and reduces the incidence of fatalities were placed on left ear for recording. The ECoG of the gerbils was monitored and
recorded from the beginning of the stabilization period using commercial equipment Bio Amp (AD Instruments, Australia) and
Power Lab 8/SP (AD Instruments, Australia). The recorded raw data were wieved and evaluated using the commercial software by
Chart 5.1.1 (AD Instruments, Australia). The duration of various phases of epilepsy were observed. The parameters noted were mean
onset time of epileptic activity (latency), duration of epileptic activity, epileptic frequency and altitude values due to Penicillin G
induced epilepsy due to Penicillin G induced epilepsy.

Statistical Analysis

All data were expressed as mean standard error of mean (SEM). Statistical difference between various groups were analysed
by one-way analysis of variance test (ANOVA), followed by post-hoc Tukey’s test using SPSS version 21 software. P values less
than 0.05 were considered as significance.

Results

As already observed in previous experiments, intracortical injection of penicillin (500 IU) induced an epileptiform ECoG
activity characterized by bilateral spikes and spike-wave complexes. Epileptiform activity began within 4-5 min. It reached a
constant level as to the frequency and amplitude in the 30 min and lasted for 2 h. Figure 1 shows the effect of extract tested and
physical training on latency of penicillin induced epileptiform activity.

The means of latencies (Mean+SE) were 236+45, 369+36, 38658 and 433+37 ms in groups of control, Exe, Ex, and
Exe+EXx respectively. The mean spike latency significantly (P=0,033 F=3,560) decreased in Exe, Ex and Exe+Ex when compared
control. The shortest delay to onset of first spike was observed in control.
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Figure 1: The latency of first epileptic activity (Data are means + SE*P<0.05: compared to control)

As seen in Figure 2, although spike frequency significantly (P<0.05) diminished in groups of Exe and Ex, no significant
decrease was observed in control and Exe+EX. Similar trend was seen for amplitude values. Spike amplitude value was determined
to be significantly (P<0.05) lower than those of control and Exe+Ex.
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Figure 2: The number of spike wave (epileptic activity) during 120 minutes ECoG records in all groups (Data are means + SE
*P<0.05: compared to control).

Discussion

Several clinical and experimental studies have been performed to ameliorate seizures induced by different methods. Physical
exercise and herbal extracts are often used tools to decrease epileptiform activity in the animal studies. A variety of animal seizure
models have been designed to evaluate the relationship between exercise and epilepsy (Arida et al., 2009; Souza et al., 2009).
However, there has been no study examining the effect of Crataegus oxyacantha extract on seizures. In the present experiment,
originally, ameliorative effect of combined with physical exercise and Crataegus oxyacantha extract was also evaluated.

The extract material tested in the present trial contains a range of pharmacologically active substances, of which the most
widespread compounds reported are flavonoids, triterpenic acids and phenol (Chang et al., 2002). All of these active substances are
the most important constituents for its antioxidant activity. Guo (2003) noted that of 28 fruit pulps tested, the hawthorn pulp
(Chinese hawthorn) produced the highest measure of antioxidant activity. The Crataegus oxyacantha extract showed ameliorative
impact on epilectic activity in this study. Despite lack of study used Crataegus oxyacantha in epilepsy, helpful affects have been
observed on seizures using different herbal extracts. The antioxidant activity of Crataegus oxyacantha contributes significantly to its
ameliorative profile on seizures. It has been known that during epileptic attack, oxidative stress occurs, free radicals are produced
and membrane lipid peroxidation happens, all of which cause tissue damage (Ilhan et al., 2005). Although antioxidant affect has not
been evaluated in the study, ameliorative effect of Crataegus oxyacantha might be associated with its high antioxidant level.
Furthermore, Tsuda et al. (1994) suggested that penicillin exerts its proconvulsant effect by inhibiting GABA-gated chloride ion
influx. Alterations in neurotransmitter systems induced extract should be taken into account for inhibitory/excitatory balance to
reduce seizure frequency. Despite the data given above, preventive effects of extract on epilepsy are still unclear.

Experimental studies have demonstrated a positive effect of physical exercise in animals with epilepsy (Souza et al. 2009,
Pietrelli et al., 2012). Although there is convincing evidence indicating that physical exercise has the positive role in reducing the
frequency and severity of seizures in several models of experimental epilepsy, this subject is still a matter of controversy. The
present study demonstrated that exercise alone decreased the mean frequency and amplitude of epileptiform activity. However, the
same result was not obtained in Exe+Ex group.

Rats with pilocarpine induced epilepsy submitted to a physical training program presented a lower frequency of spontaneous
seizures than controls (Arida et al., 2013). Other animal models of epilepsy (penicillin, pentylenetetrazol, kainic acid) have shown
similar positive results (Tutkun et al., 2010). Several evidences have been come up with reducing frequency and amplitude values of
seizures seen here. During exercise, not only aerobic but intensive (anaerobic) physical activity increases serum lactate content and
causes metabolic acidosis. Reduced seizure activity during exercise might be caused by an increase in GABA concentration as a
consequence of metabolic acidosis. Threshold for epileptic activity is another subject to start first spike. Arida et al. (1999) reported
that the physical training did not induce epileptic seizures in the model of temporal lobe epilepsy in rats and they also showed that
chronic exercise increased the threshold in the model of kindling development. Some changes of transmitter’s level could be reason
to start epileptic activity. We did not evaluate the level of neurotransmitters level such as GABA, glutamate, dopamine, serotonin
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and noradrenalin in the homogenised brain samples which might be important to interpret the results obtained in our study. For
example, a regular physical activity program increases serotonin, noradrenaline, dopamine synthesis and release, up-regulates
neurotrophins, reduces stress and therefore, decreases hypothalamic—pituitary—adrenal activity and adrenal glucocorticoids (Park et
al., 2005), which consequently may diminish seizure frequency and amplitude variables. Arida et al. (1998) demonstrated that
exercise retarded amygdala kindling development in rats. One of the mechanisms suggested for this effect is the involvement of
neurotransmitters. The inhibitory influence of noradrenaline on seizure development is well established. Noradrenaline appears to be
increased in rats submitted to physical training; it has an inhibitory effect on the development of seizure, and its depletion facilitates
the propagation of epileptiform activity of hippocampal kindling (Arida et al., 2008).

As said before, epilepsy plays an important role in increasing free radicals in the brain. Perhaps, the most possible
mechanism to decrease seizure frequency and altitude by exercise could be related to stress-exercise relationship. Stress has been
considered one of most frequent precipitants of seizures in animals with epilepsy. Today among the use of stress reduction therapies,
regular physical activity has been proposed for the treatment of seizures (Mensah et al., 2003). The role of neuroactive steroids to
reduce hypothalamic—pituitary—adrenal axis activation may play an important function in returning to seizure activity following
exercise. Besides, this physical activity may ameliorate antioxidant mechanism damaged during epilepsy. Souza et al. (2009)
suggested that the increase of antioxidant defences and reduction of basal production of oxidants elicited by physical training may
protect against Na+, K+-ATPase inhibition induced by pentylentetrazole. In this, complicated mechanism opioids are said to be
another pathway to cause seizures. For example, B-endorphin is significantly activated depending on the type of stress (intensive
exercise). Based on information of opioid system involvement in seizure control (Hammers et al., 2007), exercise might affect
seizure susceptibility also via the opioid system.

Another interesting point to be considered is the exercise-induced stress. Physical and especially psychic stress is sometimes
accepted as factor(s) that precipitate seizures (Nakken et al., 2005). However, it was well established that physical activity has
anticonvulsant properties in various experimental models of epilepsy, including electrically - and chemically-induced seizures tests.

Latency was also delayed by both exercise and Crataegus oxyacantha extract in the present study. In some studies,
significant delays of the first spike have also been determined for induced seizures. Although mcreased latency might occur in the
result of increase of threshold of first spike, many factors may have played a role in complicated pathways.

Nowadays, it is gaining attention to herbal extract due to their high level of antioxidant capacity or other properties.
Crataegus oxyacantha extract has not been examined yet for its potential effect on epileptic activity. This is the first study that tested
the effect of this extract. Crataegus oxyacantha extract has shown positive affect to ameliorate on some seizure parameters in this
study. However, further and more advanced physiologic and neurochemical studies are required to determine the mechanisms
involved. Whether exercise is helpful, harmful, or simply has no impact on seizure frequency has been studied in many epilepsy
induced trials. There are favourable reports considering that some epileptic parameters are modulated by exercise. Similarly, the
present study clearly demonstrated favourable effect of exercise. Results obtained here and from the other exercise studies could
contribute to people’s knowledge of the beneficial effects of exercise on epilepsy. Perhaps, under medical supervision, people with
epilepsy should be encouraged to exercise and efforts should be made to remove any barriers to exercise
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