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ABSTRACT

Background: Valporic acid (VPA) is a broad-spectrum antiepileptic drug and is effective in the treatment of different types
of epileptic seizures. It usually affects bone and mineral metabolism and increase the risk of fractures due to decreased bone
mineral density (BMD). Among dietary supplements, L-carnitine is an emergic candidate with potential bone protective
effects. It promotes energy utilization and is important for tissues with high energy requirements.

Objective: The target of this work is to estimate the effect of valproic acid on  the femur and the possible protective effect
of L-carnitine administration in adult male guinea pigs.

Materials & Methods: Forty adult male guinea pigs were utilized in the current study. The guinea pigs were divided into
four groups, Group I (control group), Group II(L-carnitine treated group), Group III (Valporic acid treated group) and Group
IV (L-carnitine and valporic acid treated group). After 10 weeks, the upper parts of femur were processed for histological,
morphological and immunohistochemical studies.

Results: Valporic acid treated group was associated with enhanced bone turnover as evident by a significant change in serum
levels of calcium, osteocalcin and TRAP. Moreover, there was a significant decrease in trabecular and cortical bone thickness
and a significant change in the mean number of osteoclasts and osteoblasts. Histologically, evidence of bone resorption was
manifested in the femoral bone with resorption cavities, irregular endosteal surface. Decrease of collagen in the cortical
bone was evident in trichrome-stained sections. Immunohistochemically, this group showed positive immunoreactivity for
caspase-3 in osteocytes and decrease in osteopontin expression in bone matrix. L-carnitine supplementation with valporic
acid in group IV has ameliorating effect on the histological abnormalities of bone.

Conclusion: L-carnitine improved the biochemical, histological and morphometric changes induced by VPA, and therefore,

there is a potential benefit in using L-carnitine with long term administration of valporic acid.
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INTRODUCTION

Epilepsy is the most common chronic neurological
disorders, distinguished by recurrent epileptic seizures.
The disease affects more than 70 million people
worldwide!!l. The cause of most cases of epilepsy is
unknown. Some cases occur as a result of brain injury,
stroke, brain tumors, infection or birth defects through a
process known as epileptogenesis. Epileptic seizures are
the result of excessive and abnormal neuronal activity in
the cortex of the brain and they are classified as either focal
or generalized based on the abnormal activity appear in
just one area or involve all areas of the brain respectively.
Epilepsy usually requires long-term antiepileptic drugs
(AEDs) including valporic acid®.

Valporic acid (VPA) is widely used antiepileptic
medicine and has a broad spectrum of anticonvulsant
action, it is also used in the treatment of various conditions
such as migraine headaches and manic phase of bipolar
disorder®!. It works by influencing GABA levels and
blocking voltage-gated sodium channels™.
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VPA has fewer side effects than do others AEDs.
Furthermore, its harmful effects could often be reduced by
intiating the drug slowly. However severe complications
might happen in some patients taking VPA for a long time,
such as encephalopathy, haemorrhagic pancreatitis and
bone marrow suppressiontl.

It was also reported that, long term VPA therapy started
to be correlated with low bone mineral density, increase in
fracture risk and abnormalities in bone metabolism!®!.

L-carnitine supplements are taken to raise level
of L-carnitine in individuals whose natural level of
L-carnitine is too low because they are taking certain
drugs as valproic acid for epilepsy , have a genetic disorder
or because they are undergoing a medical procedure as
hemodialysis for renal disease that uses up the body's
L-carnitine!”.

L-carnitine is an amino acid that is produced in the body

naturally. It helps the body convert lipid into energy and is
important for tissues with high energy requirements such
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as muscle and bone!®. The body could modify L-carnitine
to other amino acids named propionyl-L-carnitine and
acetyl-L-carnitine,

It has been stated that, L-carnitine displays a direct
influence on increasing osteoblast activity and proliferation,
as well as the expression of collagen type II'". L-carnitine
could affect bone density and slow the bone turnover rate!''’.
Lately, L-carnitine shown to have antioxidant activity
counteracting age-associated mitochondrial dysfunction
and to keep the balance of mitochondrial production of
Reactive Oxygen Species (ROS) in different cells typet'2.
Therefore, this study pointed to evaluate the influence
of valporic acid on the femur and the possible protective
effect of L-carnitine administration in adult male guinea

pigs.
MATERIALS AND METHODS

Drugs

Valporic acid: depakene, it is available as oral solution
250mg/5ml, manufactured by Sanofi Aventis, Berlin,
Germany

L-carnitine: It is available as oral solution,300mg/100
ml, manufactured by Sigma Aldrich Company
(St. Louis, MO, USA).

Animals

Forty adult male guinea pigs, weighting 400-500g
were employed in the present work. Researchers found
that guinea pigs are the best experimental model to study
epileptic activity in the brain and they offer experimental
advantages not achieved with use of other experimental
models!'¥. They were housed at room temperature in
stainless steel cages. The guinea pigs had free access to
food and water ad-libitum. Strict hygiene was followed to
keep a healthy medium for the guinea pigs. All animals
protocols were approved and observed via the Animal Care
Committee of the Research Laboratory of Experimental
Animals at the College of Medicine, Menoufia university,

Egypt.
Experimental protocol

The guinea pigs were divided into four groups, each
included 10 guinea pigs.

Group I (control group): The guinea pigs were held
without treatment throughout the experiment.

Group II (L-carnitine treated group): The guinea
pigs received L-carnitine 200 mg/kg/d by oral gavage for
10 weeks!'*.

Group III (Valporic acid treated group): The guinea
pigs received valporic acid 300 mg/kg/d by oral gavage for
10 weeks!'sl.

Group IV (L-carnitine and valporic acid treated
group): The animals in this group received L-carnitine
along with valporic acid similarly to groups II & III
respectively for 10 weeks.

24 h after the last dose of drugs administration,
ether inhalation was used to anaesthetize the guinea
pigs from all groups. Blood samples were collected into
heparin coated tubes for biochemical study. The femurs
were dissected from soft tissue ,washed with saline and
upper parts of femurs were processed for histological ,
immunohistochemical and scanning electron microscopic
studies.

1- Biochemical study

Serum concentration of calcium!'' was estimated
using an autoanalyzer (Hitachi Co. Ltd, Tokyo, Japan).
Serum osteocalcin (a marker of osteoblastic activity) was
measured by ElectroChemiLuminescence, Immune Kit
(Elecsys and cobas analyzer, Roche, Germany)!'”!. Serum
tartrate-resistant acid phosphatase (TRAP) (a marker of
osteoclastic activity) was measured using an enzymatic
assay (MK301, Takara, Japan)!'#],

II-Histological study

The upper parts of the right femurs were fixed in formal
saline. Then, the bones were decalcified utilizing the
chelating agent EDTA. The specimens then were processed
for Paraffin sections of about 5-6 pm thickness. Sections
were obtained, then stained with hematoxylin and eosin
to exhibit the histological structure & Mallory’s trichrome
stain to detect the collagen fibers!'”..

III-Scanning electron microscopic study

The upper part of the left femur from each animal
was rapidly fixed in 3 % glutraldehyde solution and
processed for examination, using Philips Scanning electron
microscope (Seo-Russia) in Tanta E.M Center at faculty of
medicine ,Tanta University!?®.

IV-Immunohistochemical study
Osteopontine immunostaining

paraffin sections were incubated with a rabbit anti-
osteopontin  (OPN) polyclonal antibody which has
cross reactivity with rats (Calbiochem, San Diego, CA,
USA), utilizing the avidin biotin peroxidase method to
assess osteopontin (OPN) localization in bone. OPN
immunoreactivity with strong staining apparent in cement
lines, osteoblasts, osteocytes, canaliculi, osteoid and
bone matrix. Negative control sections were processed
by replacing the primary antibody with buffer alone .
Osteosarcoma was used as a positive control?!,

Caspase-3 immunostaining

Paraffin sections were incubated with primary antibody.
Activated caspase-3 expression was estimated utilizing a
peroxidase-conjugated rabbit monoclonal antibody IgG
(Cell signaling Technology, Ipswich, MA) (dilution 1:200).
Negative control sections were processed by replacing the
primary antibody with buffer alone. Normal lymphoid
tissue was utilized as a positive control®?!,
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V-Morphometrical study and Statistical analysis

H&E femur sections from all guinea pigs groups were
observed under light microscopy at magnification of 400
via utilizing the interactive measuring menu of image
analyzer (Lecia Qwin 500 image analyzer computer system,
England) in anatomy department, faculty of medicine,
Menoufia University. The outer cortical bone thickness
and trabecular bone thickness were measured in um. The
number of osteoblast and osteoclast were measured in 10
fields of each specimen.

The biochemical and morphometric results were
analyzed and compared by student's t-test. The p-value was
utilized to test the significant change in the experimental
groups in each parameter in comparison with the control
group. The data were tabulated as mean = SD and analyzed
utilizing statistical package for the Social Science Software
(SPSS) (version 17.0 on an IBM compatible computer;
SPSS Inc., Chicago, Illinois, USA). P value was set at
0.05, P>0.05 non-significant, P value<0.05 significant and
P value <0.001 highly significant(®],

RESULTS

General appearance of the animals

The animals of all groups were in good general condition
and showed normal behavior, activity and apatite, except
valproic acid treated animals showed decreased activity
and one animal died during experiment.

Biochemical results

As shown in (Table 1), L-carnitine treated guinea pigs
(group II) revealed a non-significant changes in serum
levels of calcium, osteocalcin and TRAP (P>0.05) when
compared with the control group (group I). Valporic acid
treated group (group III) exhibited a significant decrease
(P<0.05) in serum calcium and a highly significant
decrease (P<0.001) in serum osteocalcin and a highly
significant increase (P<0.001) in serum tartrate-resistant
acid phosphatase (TRAP) level in comparison with the
animals of control group. Moreover, L-carnitine and
valporic acid treated group (group IV) revealed a non-
significant (P>0.05) changes in the mean values of serum
levels of calcium, osteocalcin and TRAP when compared
with the control group. while revealed a significant increase
(P<0.05) in serum calcium and osteocalcin levels and a
highly significant decrease (P<0.001) in TRAP level when
compared with valporic acid treated group (Histogram 1).

Histological results

H&E sections of a guinea pig femur of control and
L-carnitine groups (groups 1&II) revealed the well-known
histological structure. It showed the outer cortical bone
that was covered by the periosteum, the compact bone
appeared with well-organized external circumferential
lamellae, concentric lamella arranged around haversion
canals, interstitial (Figures 1,2) and internal circumferential
lamellae (Figure 3) . The osteocytes inside their lacunae
were seen (Figures 1,2,3). Subperiosteal bone formation

appearing as a distinguished basophilic cement line
separating between the newly formed matrix and the older
bone (Figure 1).

The endosteal surface of the cortical bone seemed
smooth and lined by osteoblast cells (Figure 3) .

The cancellous bone was formed of multiple bone
trabeculae enclosing bone marrow spaces of variable
sizes, osteocytes in their lacunae within matrix were seen.
The matrix showed basophilic cement lines and areas
(Figure 4). Multinucleated osteoclast with multiple nuclei
was seen on the trabecular bone surface (Figure 5).

Sections of the femur of guinea pigs of Valporic
acid treated group (group III) revealed very thick and
highly fibrous periosteum with appearance of irregular
cement lines and less acidophilia of matrix (Figure
6). The osteocytes appeared with pyknotic nuclei and
increased number of apparent widened empty osteocyte
lacunae (Figs. 6,7,8) was seen, multiple cavities
surrounded by basophilic cement lines were also observed
(Figures 7,8). Moreover, irregular endosteum with erosion
cavity containing multiple multinucleated osteoclasts with
acidophilic cytoplasm was encountered (Figure 8).

The cancellous bone of this group revealed apparent
thinning of the trabeculae with wide bone marrow cavities,
eroded area was observed on the bone surface (Figure 9).
Multiple areas of faintly stained matrix in bone trabeculae
were seen (Figures 9,10). The trabecular bone surface
was lined by multiple multinucleated osteoclasts with
acidophilic cytoplasm in Howship's lacunae (Figure 10).

Sections of the femur of guinea pigs of L-carnitine
and valporic acid treated group (group IV) showed woven
bone appeared as pale stained area and a basophilic cement
line was observed between the old and the newly formed
bone, basophilic area within matrix with newly formed
osteocytes was apparent (Figure 11). The cortical bone
structure was more or less as in control group. Haversion
canals, osteocytes inside their lacunae were seen. Some
empty lacunae were observed (Figure 12).

The cancellous bone revealed branching and
anastomosing trabeculae of nearly normal thickness and
shape with distinct basophilic areas in the trabecular core
(Figure 13). Apparent increase in the number of osteoblasts
with eccentric nuclei was observed (Figure 14).

Regarding to the Mallory Trichrome stained sections of
the femur of control & L- carnitine treated groups (groups
[&I1), it revealed deeply stained blue colored regularly
arranged collagen fibers in the cortical bone matrix
(Figure 15). While examination of group III (valporic
acid treated group) showed lightly stained collagen fibers
(blue color), some areas appear pale stained (Figure 16).
Moreover, examination of L-carnitine and valporic acid
treated group (group IV) revealed regularly arranged
collagen fibers (blue color) with small pale stained areas
(Figure 17).
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Scanning electron microscopic examination of a
femur of control guinea pigs (groups 1&I1) revealed bone
trabeculae with bone marrow spaces inbetween arising
from outer cortical bone. The compact bone containing
haversian canals surrounded by osteocyte lacunae were
seen, osteoclast cell with ruffled border facing bone surface
was observed (Figure 18). Endosteal surface of the compact
bone was appeared with endosteal pores, representing
Volkmann canals opening (Figure 19). Branching and
anastomosing cancellous bone trabeculac with uniform
size and shape were seen (Figure 20). A scanning
electron microscopic examination of the valporic acid
treated guinea pigs (group III) showed broken trabeculae
arising from apparently thin compact bone containing
apparent widened haversian canal as compared with the
control group with appearance of cracks in bone surface
(Figure 21). The endosteal surface appeared peeled with
wide pores (Figure 22). Thin and broken cancellous bone
trabeculae were observed with loss of uniform thickness
(Figure 23). A scanning electron microscopic examination
of the Group IV (L-carnitine and valporic acid treated
group) showed branching and anastomosing bone
trabeculae and cortical bone of uniform thickness with
appearance of epiphyseal plate (Figure 24).

Immunohistochemical results

Osteopontin immunostaining: Sections of a guinea pig
femur at compact bone of group I (control group) showed
marked positive reaction of osteopontin protein, expressed
as brown granules in bone matrix and negative expression
in the other bone components (Figure 25). Valporic acid
treated group showed marked decrease in osteopontin
expression in bone matrix (Figure 26). While group IV
(L-carnitine and valporic acid treated group) revealed an
increase in osteopontin brown immunoreaction in bone
matrix more or less as in control animals (Figure 27).

Caspase-3 immunostaining: Sections of a guinea
pig femur of group I (control group) revealed negative
immunoreactivity for caspase-3 in all cells of the bone
(Figure 28). The osteocytes in valporic acid treated
group showed positive cytoplasmic immunoreactivity in
the form of brown granules for this staining (Figure 29).
While in group IV (L-carnitine and valporic acid treated
group), the osteocytes revealed negative cytoplasmic
immunoreactivity for caspase-3 (Figure 30).

Morphometric results

Data in (Table 2) demonstrated that valporic acid
treated group (group III) exhibited a highly significant
increase (P<0.001) in the mean number of osteoclasts and a
highly significant decrease (P<0.001) in the mean number
of osteoblasts in comparison with the control guinea pigs,
while marked improvement with non-significant change
(P>0.05) was observed in L-carnitine and valporic acid
treated group (group IV) when compared with the control
one, moreover, exhibited a highly significant changes
(P<0.001) when compared with valporic acid treated
group (group III) (Histogram 2).

In addition, valporic acid treated group (group III)
exhibited a highly significant decrease (P<0.001) in
the cortical bone and trabecular bone thickness when
compared with the control group. However, guinea pigs
of the L-carnitine and valporic acid treated guinea pigs
(group 1V) revealed a non significant decrease when
compared with the control group and a highly significant
increase when compared with the valporic acid treated
group (Table 2).

Fig. 1: Aphotomicrograph of a guinea pig femur of group I (control group)
showing the outer part of cortical bone. The bone is covered from outside
by periosteum (P). The compact bone is organized in the form of external
circumferential lamella (E), concentric lamella arranged around haversian
canals (H) and interstitial lamellae (S). The osteocytes (red arrows) inside
their lacunae are seen. Notice, subperiosteal bone “formation appearing
as a distinghised basophilic cement line (arrowhead). Hx&E X200

Fig. 2: A photomicrograph of a guinea pig femur of group I (control
group) showing concentric lamellae (black arrows) arranged around
haversian canals (H) ,osteocytes (red arrows) inside their lacunae are
seen inbetween lamella. Notice, homogenous acidophilic matrix and
interstitial lamellae (S). Hx&E X400

Fig. 3: A photomicrograph of a guinea pig femur of group I (control

group) showing the inner part of cortical bone . The endosteum is
lined by osteoblast cells (black arrows). Osteocytes (red arrow) inside
their lacunae and haversian canals (H) are observed . Notice, inner
circumferential lamella (I).Hx&E X 200

721



EFFECT OF VALPORIC ACID ON THE FEMUR AND L-CARNITINE ROLE

Fig. 4: A photomicrograph of a guinea pig femur of group I (control
group) showing multiple bone trabeculae (T) enclosing bone marrow
cavities of variable sizes , osteocytes (red arrow)in their lacunae within
matrix are seen. Notice, basophilic cement lines and areas (black arrows).
Hx&E X200

|
Fig. 5: A photomicrograph of a guinea pig femur of group I (control

group) showing multinucleated osteoclast cell with acidophilic cytoplasm
on the trabecular bone surface (arrow)Hx&E X400
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Fig. 6: A photomicrograph of a guinea pig femur of group III (valporic
acid treated group) showing very thick and highly fibrous periosteum
(P) , multiple cavities (C) containing granulation tissue within matrix
and irregularly arranged osteocytes are observed, some lacunae (black
arrows) appear empty. Notice, irregular cement lines (red arrows) and less
acidophilia of matrix. HXx&E X200

Fig. 7: A photomicrograph of a guinea pig femur of group III (valporic
acid treated group) showing osteocytes with pyknotic nuclei (red arrows)
and increased number of apparent widened empty lacunae (black arrows)
are seen . Notice, cavities (C) in the cortical bone surrounded by
basophilic cement lines (arrowheads). Hx&E X400

Fig. 8: A photomicrograph of a guinea pig femur of group III (valporic
acid treated group) showing degenerated osteocytes (red arrows) in
their apparent wide lacunae, some lacunae are empty (black arrow) .
large cavities (C) surrounded by basophilic cement line (arrowheads)
are seen. Notice, irregular endosteum with erosion cavity containing
multinucleated osteoclasts with acidophilic cytoplasm(double arrow),
Hx&E X 400
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Fig. 9: A photomicrograph of a guinea pig femur of group III (valporic
acid treated group) showing apparent thinned out trabeculae (T) with
wide bone marrow spaces , multiple areas of faintly stained matrix (black
arrows) in bone trabeculae are seen. Notice, the eroded trabecular bone
surface (red arrow). HXx&E X200
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Fig. 10: A photomicrograph of a guinea pig femur of group III (valporic
acid treated group) showing multiple multinucleated osteoclasts with
acidophilic cytoplasm in Howship's lacunae on the trabecular bone
surface (black arrows). Notice, faintly stained matrix in bone trabeculae
(red arrows) .Hx&E X400

Fig. 13: A photomicrograph of a guinea pig femur of group IV
(L-carnitine and valporic acid treated group) showing branching and
anastomosing trabeculae (T) of nearly normal thickness and shape with
distinct basophilic areas in the trabecular core (arrows) . Hx&E X200

Fig. 11: A photomicrograph of a guinea pig femur of group IV (L-carnitine
and valporic acid treated group) showing an area of woven bone (W) that
appears as pale stained area and a basophilic cement line (arrowhead)
is seen between old and new bone. Some osteocyts lacunae appear
empty (black arrow). Notice, basophilic area with nearby newly formed
osteocytes (red arrows) and cavities (C).Hx &E X400

Fig. 12: A photomicrograph of a guinea pig femur of group I'V (L-carnitine
and valporic acid treated group) showing cortical bone structure which is
more or less as control group . Haversion canals (H) and osteocytes (red
arrow) inside their lacunae are seen. Notice , appearance of empty lacunae
(black arrows).Hx&E X400

Fig. 14: A photomicrograph of a guinea pig femur of group IV (L-carnitine
and valporic acid treated group) showing apparent increase in the number
of osteoblast cells with eccentric nuclei (arrows). Hx&E X400

Fig. 15: A photomicrograph of a guinea pig femur of group I (control
group) showing deeply stained blue colored regularly arranged collagen
fibers in the cortical bone matrix (arrow).M.T X400

723



EFFECT OF VALPORIC ACID ON THE FEMUR AND L-CARNITINE ROLE

Fig. 16: A photomicrograph of a guinea pig femur of group III (valporic
acid treated group) showing lightly stained collagen fibers (blue color).
Some areas appear pale stained (arrows). 400M.T X

:

Fig. 17: A photomicrograph of a guinea pig femur of group IV (L-carnitine
and valporic acid treated group)showing regularly arranged collagen
fibers (blue color) with small pale stained areas (arrow).400M.TX

x250

100um

Fig. 18: A scanning electron micrograph of a guinea pig femur of group
I (control group) showing cancellous bone trabeculae (T) with bone
marrow spaces (S) inbetween arising from the outer cortical bone (CB)
. Haversian canals (black arrow) surrounded by osteocyte lacunae (red
arrows) are seen. Notice, osteoclast cells (arrowhead) with ruftled border
facing bone surface.X250

Fig. 19: A scanning electron micrograph of a guinea pig femur of group I
(control group) showing endosteal surface with pores (arrows). X150

Fig. 20: A scanning electron micrograph of a guinea pig femur of group
I (control group) showing branching and anastomosing cancellous bone
trabeculae (T) with uniform size and bone marrow spaces (S) inbetween.
X175

,

Fig. 21: A scanning electron microscope of a guinea pig femur of group I11
(valporic acid treated group) showing discontinous trabeculae (T) arising
from apparently thin compact bone (CB) containing apparent widened
haversian canal ( arrows) . Notice, cracks in bone surface(arrowhead).
X250
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Fig. 22: A scanning electron microscope of a guinea pig femur of group Fig. 25: A photomicrograph of a guinea pig femur of group I (control
IIT (valporic acid treated group) showing peeling (yellow arrow) of the group) showing marked positive reaction of osteopontin protein, expressed
endosteal surface with wide pores (red arrows). X150 as brown granules in bone matrix (arrows) and negative expression in the

other bone components. OPNX400

Fig. 23: A scanning electron micrograph of a guinea pig femur of group Fig. 26: A photomicrograph of a guinea pig femur of group III (valporic
11T (valporic acid treated group) showing thin and broken cancellous bone acid treated group) showing marked decrease in osteopontin expression
trabeculae (arrows) with loss of uniform thickness with bone marrow in bone matrix.OPNX400

inbetween (BM). X75

Fig. 27: A photomicrograph of a guinea pig femur of group IV

Fig. 24: A scanning electron micrograph of a guinea pig femur of group (L-carnitine and valporic acid treated group) showing an increase in
IV (L-carnitine and Valporic acid treated group) showing branching and osteopontin brown immunoreaction in bone matrix (arrows) more or less
anastomosing trabeculae (T) and cortical bone (CB) of uniform thickness. as in control animals. OPN X400

Notice, epiphyseal plate (P), X250
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Fig. 28: A photomicrograph of a guinea pig femur of group I (control
group) showing negative immunoreactivity for caspase-3 in osteocytes
(arrows). Caspase-3 X1000
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Fig. 29: A photomicrograph of a guinea pig femur of group III (valporic
acid treated group) showing positive cytoplasmic immunoreactivity in
the form of brown granules for caspase-3 in osteocytes (arrows).Caspase-

3X1000

Fig. 30: A photomicrograph of a guinea pig femur of group IV (L- carnitine and valporic acid treated group) showing negative cytoplasmic immunoreactivity

for caspase-3 in osteocytes (arrows). Caspase-3X1000

Table 1: Effect of valporic acid without and with L-carnitine on biochemical parameters in all groups of animals

Group | Group II(L-carnitine Group III _Qroup v .
L (L-carnitine and Valporic
(Control group) treated group) (Valporic acid treated group) acid treated group)
M=SD M=SD M=£SD MSD
P1=0.44
Serum calcium(mmol/ml) 3.1+0.3 3+0.1 1.941.2 2.940.1 ];2;:0609111
P4=0.024
P1=0.712
Osteocalcin(ng/ml) 19.7+0.2 19.7+0.3 11.8+2 16.946 P2=0.000
P3=0.151
P4=0.020
P1=0.190
P2=0.000
+ + + +
TRAP (U/L) 7.1£0.5 6.7+0.6 16.940.5 6.6+0.6 P3-0.090
P4=0.000

M= the mean value. SD= the standard deviation.

P1 Comparison was done between group II (L-carnitine treated group) and group I (control group)

P2 Comparison was done between group III (valporic acid treated group) and group I (control group)

P3 Comparison was done between group IV (L-carnitine and valporic acid treated group) and group I (control group)

P4 Comparison was done between group IV (L-carnitine and valporic acid treated group ) and group III (valporic acid treated group)
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Table 2: Means and standard deviations of the number of osteoclast and osteoblast cells /high power field & cortical bone and trabecular

bone thickness in all experimental groups

Group [ Group II(L-carnitine Group I1I '(Txroup v .
Lo (L-carnitine and Valporic
(Control group) treated group) (Valporic acid treated group) acid treated group)
M=SD M=SD MSD e freated group
M+SD
P1=0.488
P2=0.000
Osteoclast number/HPF 0.7+0.1 0.8+0.4 6.9+0.6 1.5+£2.3 P3=0290
P4=0.000
P1=0.15
Osteoblast number/HPF 15.5+0.3 15.3+0.4 3.8+0.5 14.6£1.7 Eiig(l)gg
P4=0.000
P1=0.131
CBT(um) 642.6+3.8 640.4+2.5 530.2432.2 623+40.5 PziO'OOO
P3=0.154
P4=0.000
P1=0.228
P2=0.000
TBT (um) 162.3+£2.4 161.1+2 111.5+3 158.3+8.5 P3=0 166
P4=0.000
M= the mean value. SD= the standard deviation.
P1 Comparison was done between group II (L-carnitine treated group) and group I (control group)
P2 Comparison was done between group III (valporic acid treated group) and group I (control group)
P3 Comparison was done between group IV (L-carnitine and valporic acid treated group) and group I (control group)
P4 Comparison was done between group IV (L-carnitine and valporic acid treated group ) and group III (valporic acid treated group)
25 18
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Histogram 1: The mean calcium, osteocalcin and TRAP levels in Histogram 2: The mean of the number of osteoclast and

different experimental groups

DISCUSSION

The chronic use of AEDs is associated with increased
risk of bone loss and fracture. Valporic acid (VPA) is one
of AEDs influencing bone turnover'®. In the current study,
results were carried out to investigate the effect of valporic
acid on bone mass and metabolism in adult male guinea
pigs and the possible protective effect of L-carnitine.
By observing the general appearance of animals during
experiment, valproic acid treated group showed decreased
activity and one guinea pig died, the most frequent adverse
drug reactions of valproic acid include somnolence,
fatigue and headache. The most serious adverse effects
include hepatotoxicity and pancreatitis, both of which
might be fatal, especially with long-term VPA treatment
[5]. Regarding, the biochemical results of the valporic
acid treated group, it exhibited enhanced bone turnover as

osteoblast cells in different groups

evident by a significant decrease in serum calcium and a
highly significant decrease in osteocalcin (a marker of
osteoblastic activity) and a highly significant increase in
tartrate-resistant acid phosphatase (TRAP) (a marker of
osteoclastic activity) compared with that of the control
animals. These results were coincided with Verrotti
et al.? who reported that increasing duration of AED
treatment may decrease bone mineral density and elevate
the risk of bone fracture, bone biochemical markers are
indexes to evaluate the alteration of bone turnover.

Long term anti-epileptic therapy with VPA might lead
to osteopenial®!, Moreover, hypocalcemia might influence
40% of epileptic patients treated with VPAP¢,

It was found that, VPA induces hepatic cytochrome
P450 enzymes, leading to degradation of vitamin D
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and decreased calcium absorption from the gut. Also,
interference with renal activation and metabolism of vitamin
D was reported?. Deficiency of vitamin D is correlated
with rickets in children and osteomalacia in adults and
both of these have been reported in VPA treated patients.
Hypocalcemia leads to secondary hyperparathyroidism and
increased bone turnover”. In addition, the morphometric
study revealed an increase in osteoclast and decrease in
osteoblast numbers per area of bone surface of the upper
part of femur.

These results were in accordance with those of other
investigators who stated that VPA caused decrease in
bone massi?®. So, long term administration of VPA could
cause osteopenia due to bone resorption acceleration
and inhibition of bone formation. Also, in osteoporosis,
there was increase in oxidative stress enzymes such as
malondialdehyde (MDA) that might be due to increase in
the osteoclast activity!?’. Moreover, Kim et a/.F?% described
a relation between oxidative stress and osteoporosis.
They stated that Reactive oxygen Species (ROS) could be
relevant to osteoclast differentiation.

Furthermore, the light microscopic results is confirmed
by morphometric study in the current study and exhibited
a highly significant decrease in the cortical bone and
trabecular bone thickness as compared with the control
group. Degeneration of osteocytes with pyknotic nuclei
and even empty lacunae, were observed in this study. Some
studies found that VPA affects development of osteocytes
resulting in their death®!. Cement lines that separate the
newly formed bone from the old one appeared irregular,
and attributed to an increase in bone resorption rate over
that of bone formation®?. Cancellous trabecular bone were
observed with eroded area, some areas of pale staining
appeared because of decreased bone density , while, other
trabeculae appeared thinned out. Similarly, Lane et a/t*)]
described osteoporosis as a syndrome of excess skeletal
fragility that occurred due to decrease in trabecular bone
mass and connectivity. Bone metabolism is the combination
of bone formation by osteoblasts and bone resorption by
osteoclasts. Increase in bone resorption is considered the
essential factor of bone loss that lead to osteoporosist®*,

In the current study, SEM examination of valporic acid
treated group revealed thinning and broken trabeculae
arising from apparently thin compact bone containing
apparent widened haversian canal . This was in agreement
with the findings of other authors?* after AEDs treatment.
Similar results were also described by some studies who
reported that in severe cases of osteoporosis, the haversian
canals were so widened. It was reported that, first,
osteoclastic resorption with subsequent enlarging of the
haversian canals appeared in the inner parts of the cortical
bone and then, gradually emerged over the central part of
the cortical bonel*.

In the current study, mallory trichrome stained sections
showed reduced amount of collagen fibers. This result is in
accordance with Rishikoof et al.*® who reported that pro-

collagen I level is significantly down-regulated by VPA
therapy of cultured undifferentiated osteoblast cells. Some
studies reported the effect of AEDs in decreasing formation
of collagen I mRNA in lung fibroblasts®”. The decrease
in collagen fibers leads to increase in bone fragility and
tendency to fracture associated with VPA therapy®*.

In this study, immunostaining results revealed that
VPA administration caused positive cytoplasmic caspase-3
immunoreactivity in osteocytes. Some studies described
the effects of VPA on the proliferation of cultured growth
plate chondrocytes in vitro and revealed that inhibition
of cell proliferation by VPAPF’. Also, it was reported
that, valproic acid delays the progression of cell-cycle
and induces apoptosis, thereby leading to prevention of
cell growth and proliferation®!). A significant increase in
RANKL levels (Osteoclast activating factor), indicating
increased bone turnover was reported with the chronic use
of VPAMY,

Bone sections from valporic acid treated group revealed
marked decrease in osteopontin (OPN) expression in
bone matrix. Osteopontin has been interpreted as a bone
formation indicator. OPN is formed via osteoblatic cells
at different stages of differentiation and accumulates in
mineralized bone matrix. It could be important for cell-
matrix interaction. Osteopontin plays multiple roles in
bone formation, resorption and remodeling!*'l.

In this work, Administration of L-carnitine with valporic
acid improved serum calcium, osteocalcin and TRAP in
group IV. Moreover, L-carnitine improved morphometric,
histological, immunohistochemical and scanning electron
microscopic results.

The protective effects of L-carnitine have been
described in multiple studies. L- carnitine is a natural
endogenous quaternary ammonium compound that have
an important effect in inducing mitochondrial -oxidation
inhibiting free fatty acid- induced oxidative stress*?. The
antioxidant activity of L-carnitine was reported. It was
found that L- carnitine assists transport of long-chain fatty
acids into mitochondria for § -oxidation and thus controls
the quantity of energy available for protein synthesis in
osteoblasts. Furthermore L-carnitine increased osteoblast
activity and decreased bone loss in elderly™! and
improve bone structure by decreasing bone turnovert*.
L-carnitine administration resulted in significant increase
of antioxidant enzymes as catalase, glutathione peroxidase
and superoxide dismutase, it has a role in chelating free
iron ions and so, might decrease free radical generation.
Scavenging of Reactive Oxygen Species (ROS) is estimated
by antioxidant enzymes such as SOD and CATM!,

L-carnitine administration leads to a significant
decrease in serum malondialdehyde due to increasing
phospholipids synthesis required for membrane formation
and integrityl. It might prevent cell damage by stabilizing
the membrane against free radical-induced injury and
also could prevent mitochondrial injury and so, energy
production is increased with reducing the free radicals
leakage7.
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Recently, I-carnitine was found to stimulate production
of nitric oxide (NO)™. The increased NO has been found
to influence BMD and increased serum estradiol level,
protecting against osteoporosist*’. It was recommended to
use L-carnitine in concurrent with long term administration
of valporic acid.
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