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Abstract

Pentylenetetrazole (PTZ) kindling is a model for epilepsy and refers to a phenomenon in which repeated injection of
PTZ causes gradual seizure. It was used to identify clinically useful anticonvulsant drugs. The current study aimed to
determine the possible protective and ameliorative effects of L-carnitine and Ginkgo biloba leaf extracts (GLE) on bone
marrow against PTZ induced epileptic seizures disease in rats. A total of 80 male albino rats were equally divided into
eight groups; 1st group was the control; 2nd and 3rd were GLE and L-carnitine groups, respectively; while the 4th group
was pentylenetetrazole rat group and the 5th and 6th groups were pre GLE and L-carnitine groups respectively; the 7th
and 8th groups were post GLE and L-carnitine, respectively. PTZ leads to decrease hemoglobin (hb), red blood cells
(RBCs), hematocrite (Hct), white blood cells (WBCs) and platelets. A variety of histopathological lesions was observed
in the bone marrow sections in PTZ group, this variety as marked decrease in the activities of hematopoiesis with an
increased in fat cells numbers. Faint or mild positive reaction of PCNA-ir were detected in bone marrow of PTZ rat
group. Pre- and post-treatment with GLE and L-carnitine were improved the hematological, histological and

immunohistochemical alterations in bone marrow that treated with PTZ.
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1. Introduction

The word "epilepsy "is derived from a greek word epilepsia which means to be seized by forces from without (Berendt,
2002). Epilepsy is the neurological disorder that affect human brain and characterized by seizures affecting people of
all ages, race or geographical boundaries (Acharya et al., 2013). There are an estimated at least 65 million people
worldwide living with epilepsy (Ngugi, 2010). Classification of epileptic seizures into 2 major classes: partial seizures
and generalized seizures. Partial seizures begin in one area of the cerebral cortex, while generalized seizures begin in
both cerebral hemispheres. Ther are seizures that are difficult to classify into a particular class, considered as
unclassified seizures (Commission on classification and terminology of the ILAE, 1981). The begining of a seizures
appears to occur when a small group of abnormal neurons undergo prolonged depolarizations associated with the rapid
firing of repeated action potentials. Diagnostic seizure occurs when the electrical discharges of a large number of cells
become abnormally linked together, creating a storm of electrical activity in the brain, then seizures may spread to
involve adjacent areas of the brain. (Johnston, 2007).
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Pentylenetetrazole (PTZ) kindling is an acknowledged model for epilepsy and refers to a phenomenon in which
repeated injection of a convulsant causes gradual seizure development culminating in generalized tonic-clonic seizures
associated with a cognitive deficit (Sarkisian 2001). PTZ is a pharmaceutical agent that exhibit activity as a central
nervous system stimulant. It is considered a non-competitive gamma-aminobutyric acid antagonist. PTZ has been used
experimentally to study seizure and identify pharmaceuticals that may control seizure susceptibility (Hansen et al.,
2009).

In the recent years, a number of herbal products have been demonstrated to have anticonvulsant activity. Among these
herbal products are L-carnitine and Ginkgo biloba extract (Salama et al., 2013; Tousson et al.,, 2014). L-carnitine is
a quaternary compound consists from the amino acids lysine and methionine (Steiber et al.,, 2004). In eukaryotic cells,
it is required for the transport of fatty acids from the intermembraneous space in the mitochondria, into the
mitochondrial matrix during the breakdown of lipids (fats) for the generation of metabolic energy (Mehta and Sweety,
2013). Recent studies suggest that L-carnitine may play an important role in oxidative/antioxidative balance and has
an antiperoxidative effect on several tissues (Tousson et al, 2014). Two main pharmacologically active groups
compounds were present in Ginkgo biloba are the flavonoids and the terpenoids. The flavonoid act mainly as
antioxidants (Moreno et al,, 2004). GLE reduction tissue levels of reactive oxygen species, inhibits membrane lipid
peroxidation (Smith and Luo, 2004). Therefore, the present paper aimed to study the protection and ameliorating role
of Ginkgo biloba leaf extract (GLE) and L-carnitine in the hematological, histopathological and immunohistochemical
altrations in pentylenetetrazole induced epilepsy in rats.

2. Material and methods

2.1. Animals

The experiments were performed using 80 male albino rats (Rattus norvigicus) weighing 120 +10g and of 7-8 week’s
age. The rats were kept in the laboratory for one week before the experimental work and maintained on a standard diet
(20% casein, 15% corn oil, 55% corn starch, 5% salt mixture and 5% vitaminzed starch; Egyptian Company of Oils and
Soap Kafr-Elzayat Egypt) and water was available ad libitum. The temperature in the animal room was maintained at
23+20C with a relative humidity of 55+5%. Light was on a 12:12 hr light - dark cycle. The experimental protocol was
approved by Local Ethics Committee and Animals Research.

2.2. Animal grouping

The rats were equally divided into eight groups (10 rats each). 1st group was control group in which rats never received
any treatment. 2m group was positive control rats (-ve control + L-carnitine (300 mg/kg body weight)) once per day
every other day for 9 days according to Tousson et al. (2014 ). while 3rd group was positive control rats (-ve control +
GLE (100 mg/kg body weight)) once per day every other day for 9 days according to Rodriguez de Turco et al. (1993).
4t group was the experimental group that treated with pentylenetetrazol (PTZ; 40 mg//kg body weight) once per day
every other day for 9 days according to Akula et al. (2007); Dhir et al. (2007) and Waggas and Al-Hasani (2010). 5thgroup
The rats were treated with PTZ (40 mg/kg) once every 48 h for 9 days after L-carnitine (300 mg/kg) treated once every
48 h for 9 days. 6th group The rats were treated with PTZ (40 mg/kg) once every 48 h for 9 days after Ginkgo biloba (100
mg/kg) leaf extract treated once every 48 h for 9 days. 7th group The rats were injected with PTZ (40 mg/kg) once every
48 h for 9 days then treated with L-carnitine (300 mg/kg) once every 48 h for 9 days. and 8t group The rats were
injected with PTZ (40 mg/kg) once every 48 h for 9 days then treated with Ginkgo biloba (100 mg/kg) leaf extract once
every 48 h for 9 days.

Sample Preparation: Blood samples from each rat were collected from inferior vena cava of each rat in heparinized then
analysis of Complete blood picture (CBC) parameters and estimation of Hemoglobine (hb), Red blood cells (RBCs),
Hematocrite (Hct), White blood cells (WBCs) and Platelets by automatic method (sysmex kx- 21n automated
hematology analyzer; JAPAN CARE CO., LTD).

2.3. Histopathological investigation

Immediately after decapitation, animals were dissected, bone marrow from animals of different groups were quickly
removed, washed in 0.9 % saline solutions and samples of bone marrow were fixed in 10 % neutral buffered formalin.
After fixation, specimens were dehydrated in an ascending series of alcohol, cleared in two changes of xylene and
embedded in molten paraffin (mp. 50-58°C). Sections of 7 microns thickness were cut using rotary microtome and
mounted on clean slides. Sections were stained with Ehrlich's haematoxylin and counterstained with eosin as a routine
method by Bancroft and Stevens (1990).
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2.4. Immunohistochemical detection of (PCNA-ir)

Expression of proliferating cell nuclear antigen immunoreactivities (PCNA-ir) was detected using avidin Biotin
Complex (ABC) method (Taghavi et al., 2009). Paraffin sections (5pm thick) of fixed rat bone marrow that mounted on
gelatin chromalum-coated glass slides were dewaxed and rehydrated sections were washed in distilled water for 5 min,
rinsed in PBST for 10 min and incubated with 10% normal goat serum for 15 min to reduce non-specific background
staining. Then, the sections were incubated with anti-rabbit PCNA for 1-2 hours at room temperature. The sections
after 5 times baths in PBST were incubated with biotinylated goat antirabbit immuoglobulin (Nichirei, Tokyo, Japan).
The sections after 5 times baths in PBST were further incubated with Avidin Biotin Complex (ABC: Nichirei, Tokyo,
Japan) for 1 hour at RT. The criterion for a positive reaction confirming the presence of PCNA is cells with brown nuclear
staining. For the negative control, the primary antibody was omitted to guard against any false positive results which
might develop from a non-specific reaction. Brightness, contrast were adjusted using Adobe Photoshop software. Image
analysis was adjusted using PAX-it image analysis software.

2.5. Statistical Analysis

Data were expressed as mean values + SEM and statistical analyses were performed using SPSS statistical version 16
software package (SPSS® Inc., USA). The criterion for statistical significance was set at p<0.01.

3. Results

Figures (1-5) show that both blood Hb, RBCs, Hct, WBCs and platlets levels in Pentylenetetrazole group (G4) showed
significant decrease when compared with control (G1), L-carnitine (G2) and GLE (G3) groups. In contrast, both blood
Hb, RBCs, Hct, WBCs and platlets in pretreated PTZ group (G4) with L-carnitine and GLE groups (G5 & G6) were
significantly increased when compared with PTZ group (G4).both blood Hb, RBCs, Hct, WBCs and platlets in post treated
PTZ group (G4) with L-carnitine and GLE groups (G7 & G8) were significantly increased when compared with PTZ group
(G4).
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Figure 1 Changes in Hb level in different groups under study. Where G1, Control group; G2, Ginkgo biloba group; G3, L-
carnitine group; G4, Pentylenetetrazole group; G5, Pre-treated Pentylenetetrazole with Ginkgo biloba group; G6, Pre-
treated Pentylenetetrazole with L-carnitine group; G7, Post-treated Pentylenetetrazole with Ginkgo biloba group; G8,
Post-treated Pentylenetetrazole with L-carnitine group.
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Figure 2 Changes in RBCs count in different groups under study. Where G1, Control group; G2, Ginkgo biloba group; G3,
L-carnitine group; G4, Pentylenetetrazole group; G5, Pre-treated Pentylenetetrazole with Ginkgo biloba group; G6, Pre-
treated Pentylenetetrazole with L-carnitine group; G7, Post-treated Pentylenetetrazole with Ginkgo biloba group; G8,
Post-treated Pentylenetetrazole with L-carnitine group.
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Figure 3 Changes in Hct level in different groups under study. Where G1, Control group; G2, Ginkgo biloba group; G3,
L-carnitine group; G4, Pentylenetetrazole group; G5, Pre-treated Pentylenetetrazole with Ginkgo biloba group; G6, Pre-
treated Pentylenetetrazole with L-carnitine group; G7, Post-treated Pentylenetetrazole with Ginkgo biloba group; G8,
Post-treated Pentylenetetrazole with L-carnitine group.
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Figure 4 Changes in WBCs count in different groups under study. Where G1, Control group; G2, Ginkgo biloba group;
G3, L-carnitine group; G4, Pentylenetetrazole group; G5, Pre-treated Pentylenetetrazole with Ginkgo biloba group; G6,
Pre-treated Pentylenetetrazole with L-carnitine group; G7, Post-treated Pentylenetetrazole with Ginkgo biloba group;
G8, Post-treated Pentylenetetrazole with L-carnitine group.
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Figure 5 Changes in Platelets count in different groups under study. Where G1, Control group; G2, Ginkgo biloba group;
G3, L-carnitine group; G4, Pentylenetetrazole group; G5, Pre-treated Pentylenetetrazole with Ginkgo biloba group; G6,
Pre-treated Pentylenetetrazole with L-carnitine group; G7, Post-treated Pentylenetetrazole with Ginkgo biloba group;
G8, Post-treated Pentylenetetrazole with L-carnitine group.

3.1. Histopathological findings in the bone marrow

Representative coronal sections of H & E stain obtained from the male rat bone marrow in different groups under study
are shown at the light microscope levels in Figures (6 A - 6 H). Coronal sections in bone marrow of control, L-carnitin
and GLE groups revealed a normal histopathological structure with an increased the activity of hematopoiesis (Figs. 6A-6C).
The histopathological examination of PTZ rat bone marrow revealed various histopathological changes, as marked
decrease in the activities of hematopoiesis with an increased in fat cells numbers in addition to atrophy where seen in some
granules (Fig. 6D). Mild degree of improvement were observed in bone marrow sections in pro treated PTZ with GLE or with
L-carnitin, this improvement as mild increased the activity of hematopoiesis and decrement of the fat cells (Figs. 6E-6F).
Moderate degree of improvement were observed in bone marrow sections in post treated PTZ with GLE with marked increased
the activity of hematopoiesis (Figs. 6G). Bone marrow sections in post treated PTZ with L-carnitin showed mild increased
the activity of hematopoiesis and of a moderate number of fat cells (6H).

3.2. Immunohistochemistry findings in the bone marrow

The detection and distribution of PCNA immunoreactivity (PCNA-ir) are shown on bone marrow sections in the different
groups under study (Figures 7A-7H). Strong positive reaction for PCNA-ir were detected in the bone marrow of control
(G1), L-carnitine (G2) and GLE (G3) groups (Figs. 7A-7C).

In PTZ rat group (G4), Faint or mild positive reaction for PCNA -ir were detected in the bone marrow (Figs.7D).

Bone marrow sections in pro-treated PTZ with L-carnitine (G5) revealed mild to moderate positive reaction for PCNA —ir (Fig.
7E). In contrast; bone marrow sections in pro-treated PTZ with GLE (G6) revealed faint positive reaction for PCNA-ir (Fig.
7F). The intensity of PCNA-ir on bone marrow sections in pro-treated PTZ with L-carnitine were increased when compared
with pro-treated PTZ with GLE. Bone marrow sections in both post-treated PTZ with L-carnitine (G7) and with GLE (G8)
revealed moderate reaction for PCNA-ir (Figs 7G- 7H). The intensity of PCNA-ir on bone marrow sections in post-treated PTZ
with L-carnitine were increased when compared with pro-treated PTZ with GLE. The intensity of PCNA-ir in the bone marrow
sections were depressed in pro- treated PTZ with L-carnitine or GLE when compared with post treated PTZ with L-carnitine
or GLE (Figs 7E- 7 H).
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Figures 6A-6H Photomicrographs of rat bone marrow sections in the different experimental groups stained with
Haematoxylin & Eosin. A-C: Rat bone marrow sections in control (G1); L-carnitin (G2) and GLE (G3) groups revealed a
normal histopathological structure. D: Rat bone marrow sections of PTZ group (G4) revealed marked decrease in the
activities of hematopoiesis with an increased in fat cells numbers in addition to atrophy where seen in some granules.
E: bone marrow sections in pro-treated PTZ with L-canitin revealed mild degree of improvement as mild increased the
activity of hematopoiesis. F: bone marrow sections in pro-treated PTZ with GLE revealed mild increased the activity of
hematopoiesis and decrement of the fat cells. G: bone marrow sections in post treated PTZ with L-canitin, revealed
marked increased the activity of hematopoiesis. H: bone marrow sections in post treated PTZ with GLE revealed mild
increased the activity of hematopoiesis and of a moderate number of fat cells.
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Figures 7A-7H Photomicrographs of PCNA immunoreactivity (PCNA-ir) in the coronal sections of rat bone marrow. A-
C: Strong positive reaction for PCNA-ir in the control (A), L-carnitine (B) and GLE (C) groups, respectively. D: Faint or
mild positive reaction for PCNA -ir were detected in the bone marrow in PTZ rat group (G4). E: Bone marrow sections
in pro-treated PTZ with L-carnitine (G5) revealed mild to moderate positive reaction for PCNA -ir. F: Bone marrow
sections in pro-treated PTZ with GLE (G6) revealed faint positive reaction for PCNA-ir.. G&H: Bone marrow sections in
both post-treated PTZ with L-carnitine (G7) and with GLE (G8) revealed moderate reaction for PCNA-ir.

4. Discussion

Epilepsy is one of the most common neurologic problems all over the world, being associated with paroxysmal discharge
of cerebral neurons and is characterized by several symptoms including alterations of behaviors and consciousness
(Godlevskii et al., 2004).

Pentylenetetrazole, a GABA receptor antagonist, is a well-established animal model to assess efficacy of drugs against
generalized absence seizures in humans (Liu et al. (2012). Pentylenetetrazole-induced seizure activity mimics the
increased oxidative stress in the brain by altering membrane phospholipid metabolism and ultimately resulting in the
release of free radicals (Corvino et al., 2013).

L- Carnitine is a naturally occurring endogenous compound in all mammalian species and the most widely known
function is its role as an important transporter of long chain fatty acids into mitochondria for $-oxidation (Bieber, 1988).
L-carnitine, among a wide array of target neuroprotective agents, is of particular interest in neurons due to its role in
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amino acid synthesis, ATP metabolism, mitochondrial fatty acid transport, as well as its antioxidant effects (Gu’lc,in
2006; Silva-Adaya et al. 2008; Jones et al. 2010; Wu et al. 2011).

EGb761 is a standardized extract of GB leaves and has antioxidant properties as a free radical scavenger. EGb761
decreases tissue levels of reactive oxygen species, inhibits membrane lipid peroxidation and, with its anti-platelet-
activating factor activity, contributes to improvements in cerebral insufficiency (Liu et al., 2006).

This study conducts a hematological, histological and immunohistochemical investigation into whether L-carnitine and
Ginkgo biloba have a protective and ameliorative effect on pentylenetetrazole induced tissue damage in bone marrow
in male rats. In the present study, PTZ administration in rats over a period of 9 injection resulted in progressive seizure
intensity (tonic-clonic), increased mortality rate and alteration in animal behavior.

A significant decrease in the hematological parameters include Hb, RBCs, Hct, WBCs and Platelets after PTZ
administration when compared to control animals. Similarly, Daoud et al. (2002) The mean levels of HB, MCV, and MCH
were lower in children with first febrile seizure than in children in a control group, although the differences were not
significant. This similar other study was found that the proportions of cases with low levels of HB, HCT, MCV, MCH, and
ferritin were higher among children with FC than among controls and the differences were statistically significant
(Naveed and Billoo 2005). Further, compared the levels of HB, MCV, and serum iron among controls and patients with
FC, and they reported that iron deficiency anemia is significantly more frequent among the cases than among the
controls (Pisacane et al,, 1996). In contrast, a study was suggested that iron deficiency anemia may protect children
against febrile seizure (Kobrinsky et al., 1995).

A significant reduction pre and post treatment with L-carnitine and Ginkgo biloba induced improvement in
hematological parameters but not significantly. Similarly, Hurot et al. (2002) have reported that L-carnitine
administration has increased levels of Hb in in the groups receiving L-carnitine as compared with the groups not
receiving L-carnitine; also they suggested that L-carnitine improves erythropoietin efficiency as compared with control
group. Oral administration of L-carnitine has decreased platelet activity (MPV) significantly, this result may be due to
decreasing of calcium ion influx into platelets which in turn causes platelet inactivation (Bykov et al., 2003). a significant
increase in WBCs (Ozsoy et al., 2011). Carnitine replenishment improved myelotoxicity as manifested by correction of
anemia, leucopenia and thrombocytopenia (Hossam et al., 2014).

The administration of oral Gingko biloba showed an improvement in the undesirable effects,this may be a result of the anti
oxidative activity of ginkgo biloba that restored the membrane permeability which was altered bythe free radicals (Shafag and
Tabassum, 2010), and /or reduction of platelet — activating factor and improvement of peripheral circulation (Gamal et.al.,2011;
Chung et.al., 1999). As compared to cisplatin alone, the combined administration of rabbits with oral Ginkgo-biloba plus
intrapretoneal cisplatin resulted in an improvement in the total WBCs count, RBCs count, hemoglobin and finally the platelets
(Elawady et al., 2011).

A variety of histopathological lesions was observed in the bone marrow sections in PTZ group (G4), this variety as
marked decrease in the activities of hematopoiesis with an increased in fat cells numbers in addition to atrophy where
seen in some granules. Mild degree of improvement were observed in bone marrow sections in pro treated PTZ with GLE or
with L-carnitin (G5 & G6), this improvement as mild increased the activity of hematopoiesis and decrement of the fat cells.
Moderate degree of improvement were observed in bone marrow sections in post treated PTZ with GLE with marked increased
the activity of hematopoiesis (G7). Bone marrow sections in post treated PTZ with L-carnitin showed mild increased the
activity of hematopoiesis and of a moderate number of fat cells (G8).

L-carnitine stimulates erythropoiesis, which was expressed by a significant increase of erythroid progenitors in bone
marrow and other hematopoietic organs (Kitamura et al., 2005). Carnitine replenishment improved myelotoxicity as
manifested by correction of anemia, leucopenia and thrombocytopenia (Hossam et al., 2014).

Bone marrow cells undergoing induced osteogenic or adipogenic differentiations in the presence of EGb 761 show increase
and decrease in mineralization and adipogenesis respectively. EGb 761 led to increase in apoptotic cells and ROS, an
important upstream signal (Jyoti Gautam et al., 2012).

Faint or mild positive reaction for PCNA -ir were detected in the bone marrow of PTZ rat group (G4). Bone marrow sections
in pro-treated PTZ with L-carnitine (G5) revealed mild to moderate positive reaction for PCNA -ir. In contrast; bone marrow
sections in pro-treated PTZ with GLE (G6) revealed faint positive reaction for PCNA-ir. Bone marrow sections in both post-
treated PTZ with L-carnitine (G7) and with GLE (G8) revealed moderate reaction for PCNA-ir.
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L-carnitine showed a cytoprotective effect on leucocytes against Cisplatin (CDDP) induced toxicity in rat. Apoptotic
effect of CDDP was found in lymph node in high degree and thymus in low degree. Carnitine supplementation to diet
decreased apoptotic effect of cisplatin. CD68 positive cells were found similar in control and L-carnitine groups. While
CD68 positivity was found in low degree in CDDP group, it was moderate in L-Car + CDDP group (Ertan et al,, 2012).

The anti-apoptotic properties of EGb reported in the studies (Lucinda et al. 2013 and Smith and Luo 2004) could result
from the antioxidant action of the flavonoids present in the extract, which attenuate the reactive oxygen species by
chelating pro-oxidant transitional metal ions. Likewise, Brayboy et al. (2001) reported that EGb was effective in
protecting an osteoblast-like cell, from death when exposed to free radicals, thus increasing their proliferation in
vitro. This similar with other study showed that EGb was effective in improving the expression of Bcl-2 in the femoral
trabecular bone suggesting that one of the mechanisms involved in the bone increase is to reduce the osteoblast death
(Leda etal., 2014).

5. Conclusion

It can be concluded that pre and post-treatment pentylenetetrazole with Ginkgo biloba and L-carnitine prevented
oxidative damage by inhibiting ROS production. This study suggests that the ability of Ginkgo biloba and L-carnitine to
induced improvement in hematological parameters and increased the activity of hematopoiesis.
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