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The Effects of Levetiracetam as Anti-Epileptic Drug on
Bone and Vitamin D Metabolism

Anti-Epileptik Ilag¢ Olarak Levetirasetam’mn
Kemik ve D Vitamini Metabolizmasi Uzerine Etkileri

Sebnem GARIP USTAOGLU®

“Department of Medical Biochemistry, Altinbas University Faculty of Medicine, istanbul, TURKEY

ABSTRACT Objective: Levetiracetam (LEV) is one of the new gen-
erations of anti-epileptic drugs. There are controversial results reported
in the literature for the effects of LEV on bone metabolism. Some stud-
ies reported low bone mineral density (BMD) and vitamin D values
with high bone turnover markers, while the others reported no effect
on BMD. This study is the first report on elucidation of the mechanism
of LEV and seizures on vitamin D and bone metabolism. Material and
Methods: 100 mg/kg of LEV in each day was given to rats for twelve
weeks. 25-hydroxyvitamin D [25(OH)D] and 1,25-dihydroxyvitamin
D [1,25(0OH)2D], calcium, bone turnover markers and parathyroid hor-
mone (PTH) were measured by Enzyme-Linked Immunosorbent Assay
(ELISA) while the protein levels of anabolic and catabolic enzymes of
vitamin D were measured by western blot. Results: The serum levels
of calcium, 25(OH)D and 1,25(OH)2D were significantly reduced in
all rats, while there were increased amounts of PTH in just LEV-treated
rats compared to the control. High bone turnover markers were also ob-
served for drug-treated groups. Both epileptic seizures and LEV in-
creased the amount of 24-hydroxylase; vitamin D catabolic enzyme.
Conclusion: Based on the findings of the current study, both the LEV
treatment and seizures cause vitamin D deficiency in rats by increasing
the 24-hydroxylase amount in epileptic and LEV-treated groups which
resulted in the conversion of active vitamin D to an inactive form and
reduction in 25(OH)D and 1,25(OH)2D amounts.
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OZET Amac: Levetirasetam (LEV) yeni nesil anti-epileptik ilaglar-
dan biridir. Literatiirde LEV'nin kemik metabolizmasi tizerindeki etki-
leri igin tartigmali sonuglar vardir. Bazi ¢alismalar, yiksek kemik
dongiisii belirtecleri degeri ile diisiik kemik mineral yogunlugu (BMD)
ve D vitamini degerleri bildirirken, digerleri BMD tiizerinde herhangi
bir etki bildirmemistir. Bu ¢alisma, LEV ve nébetlerin D vitamini ve
kemik metabolizmas tizerindeki etki mekanizmasinin aydinlatilmasi
iizerine ilk rapordur. Gere¢ ve Yontemler: On iki hafta boyunca si-
canlara her giin 100 mg/kg LEV verildi.25-hidroksivitamin D
[25(0OH)D] ve 1,25-dihidroksivitamin D [1,25(OH)2D], kalsiyum,
kemik dongiisii belirtegleri ve paratiroid hormonu (PTH) Enzim bag-
lantili immunosorbent testi (ELISA) ile, D vitamini anabolik ve kata-
bolik enzimlerinin protein seviyeleri Western Blot teknigi ile 6lgiildii.
Bulgular: Serum kalsiyum, 25(OH)D ve 1,25(0OH)2D seviyeleri tim
siganlarda 6nemli 6lglide azalirken, sadece LEV ile tedavi edilen si-
canlarda kontrole kiyasla artan miktarlarda PTH degeri vardu. Ilagla te-
davi edilen gruplar igin yiiksek kemik dongiisii belirtegleri de
gdzlenmistir. Hem epileptik nobetler hem de LEV, D vitamini katabo-
lik enzimi olan 24-hidroksilazin miktarini arttirdi. Sonu¢: Mevcut ¢a-
lismanin bulgularina dayanarak, hem LEV tedavisi hem de ndbetler,
epileptik ve LEV ile tedavi edilen gruplarda 24-hidroksilaz miktarini ar-
tirarak ve buna bagli olarak aktif D vitamininin aktif olmayan bir forma
doniistiiriilmesine ve 25(OH)D ve 1,25(0OH)2D miktarlarinda azalmay1
saglayarak siganlarda D vitamini eksikligine neden olmaktadir.

Anahtar Kelimeler: Kemik; levetiracetam; vitamin D,
kemik dongiisii belirtegleri;
paratiroid hormone (PTH); epilepsi;
genetik olarak indiiklenen absans nobetleri;
WAG/RIj siganlar; kalsiyum; 25(OH)D

Epilepsy which affects ~1-2 % of the population
worldwide is one of the most common neurodegen-
erative diseases.! In epilepsy, excessive discharge of
cerebral neurons results in recurrent seizures.> All

treatments for epilepsy aim to make the active lives of
people easier by preventing further seizures while
avoiding the side effects of the treatments. Primary
treatment is to use anti-epileptic drugs (AEDs). How-
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ever, the side-effects of using these drugs produce
other risks for epileptic individuals. Disorders of vi-
tamin D and bone metabolism due to long term AED
treatment have been reported previously.® Despite
great numbers of reports of AED-related osteopenia
and/or osteoporosis in adults and in children, the
exact mechanism for AED-associated pathologies on
bone tissues cannot be completely clarified.*”

Levetiracetam (LEV) which is a new generation
anti-epileptic drug is recently used for the inhibition
of partial type seizures.'” The treatment of adult and
children epileptic patients with LEV mono- or poly-
therapy has been gradually increasing.!' The most im-
portant reason for using LEV for epilepsy treatment
is the little side-effects of this drug on tissues when
compared to the other anti-epileptic drugs.'>!?

The side-effects of LEV on bone tissues have not
been revealed with existing studies up to now. There
are no reported side-effects of Keppra (brand name
of LEV) on bone tissues in the records of manufac-
turing company (Product Monograph, UCB Pharma,
Brussels, Belgium). In spite of the clinical studies that
reported no alterations in bone mineral density
(BMD) for epileptic patients, there are clinical and
animal studies reported low BMD values, low
amounts of Vitamin D and high bone turnover mark-
ers in the literature.**!%1¢ There are also a clinical and
an animal study which reported increased values of
BMD, vitamin D and bone formation markers after
treatment with LEV.!7!® Moreover, reduced bone
strength without any alteration in BMD values due to
LEV treatment was also reported by Nissen-Meyer et
al.'” The study of Nissen-Meyer et al. reported the
possibility of LEV to affect the collagen-rich matrix
of bone independently from BMD without any sig-
nificant change in the mineral structure.'” The inves-
tigation of the side-effects of LEV on both bone
mineral and matrix independently from each other
would be helpful to reveal the different effects of the
drug on bone structure. The exact mechanisms for
possible side effects of LEV on bone tissues have not
been determined yet.

In this study, our goals were to clarify the effects
of LEV on bones and also elucidate the mechanism of
AED and epilepsy on the metabolism of vitamin D
and bone.
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This study will shed light on the side effects of
epileptic seizures and an anti-epileptic drug LEV, on
neurological disease treatments including epilepsy.

I MATERIAL AND METHODS

ANIMAL PREPARATION AND RECORDING OF
ELECTROENCEPHALOGRAPHY (EEG)

Procedures of the animal studies which were per-
formed at Kocaeli University were conducted by the
protocols of “Guide for the Care and Use of the Lab-
oratory Animals” and approved by the Animal Ethi-
cal Committee of Kocaeli University (Decision date:
10/14/2014 and number: KOU HADYEK 8/5-2014).
This study was conducted in accordance with the
Declaration of Helsinki. Wistar Albino Glaxo from
Rijswijk (WAG/Rij) rats with genetically-induced
epilepsy was used as the experimental group, while
healthy Wistar rats were rendered as the control
group. For both groups, 6-month adult male rats
(250-300 g) were deliberately chosen. 100 mg/kg/day
LEV was intraperitoneally administered to drug-
treated groups for 12 weeks as described previously.'!

In the present study, there were four animal
groups; Group 1- control (Wistar rats + physiological
saline); Group 2- epileptic (WAG/Rij-AGS rats +
physiological saline); Group 3- drug-treated control
(Wistar rats + LEV) and Group 4- drug-treated
epileptic (WAG/Rij-AGS + LEV). There were 6 rats
in each group.

The effects of disease and seizures alone on bone
and vitamin D metabolism were investigated by com-
paring the epileptic rats (Group 2) with the control
group (Group 1), while to get information about the
effects of drug on bone and vitamin D metabolism in
the absence of diseases, the control group (Group 1)
was compared with drug-treated control group
(Group 3).

Cortical electrodes were placed on frontal and
parietal regions, while the reference electrodes were
put on the cerebellum to record EEG of animals.
After one week, the rats were started to be predis-
posed to “key ring” sound stimulation for once a day
during twelve weeks. The EEG recording of the ani-
mals was done both during and after seizures for 30
minutes.
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The blood samples of the animals were taken at
the end of 12 weeks. The liver and kidney tissues
were also removed after the decapitation of rats. Tis-
sues were stored at -80 °C until the Western Blot stud-
ies are carried out. The centrifugation of blood
samples was done using 3000 rpm for 30 minutes at
+4°C to get serum samples. After centrifugation, the
supernatants were kept at -80 °C until biochemical
assays.

MEASUREMENT OF SERUM PARAMETERS

The measurement of serum parameters was done ac-
cording to our previous report.”’ Serum calcium lev-
els were measured with Calcium Arsenazo III
Colorimetric method using Abbot Aeroset auto ana-
lyzer and Aero-set kit (Abbot Lab. Abbot Park, IL
60064, USA). In this method Calcium with Arsenazo
11T (1, 8-Dihydroxy-3, 6-disulpho-2,7-naphthalene-
bis (azo)-dibenzenearsonic acid), at neutral pH,
yields a blue colored complex. The intensity of the
color formed is proportional to the calcium concen-
tration in the sample. Osteocalcin (OC) and PTH
amounts were measured with DRG ELISA kit (Cat #
EIA-2095 and EIA-4935, respectively), bone spe-
cific alkaline phosphatase (BSAP) and 25(OH)D
amounts were measured with Biorbyt (Cat #
orb410881) and IDS (Cat #KRR1971) ELISA kit re-
spectively, 1,25(OH),D amounts were measured
with Cusabio ELISA kit (Cat# CSB-E13342r), while
C telopeptide (CTX) amounts were measured with
Uscn ELISA kit (Cat # CEA665Ra). The optical
density (OD) values at 450 nm were read by an
ELISA microplate reader (Biochrome EZ Read 400,
Biochrome Ltd., UK).

MEASUREMENT OF PROTEIN LEVELS
IN KIDNEY AND LIVER TISSUES

The protein amounts of 25-hydroxylase (CYP27A1)
enzyme in liver, 1-a-hydroxylase (CYP27B1) and
24-hydroxylase (CYP24) enzymes in kidney were
measured by Western Blot analysis. To determine the
CYP enzyme protein levels, tissue lysates were pre-
pared from kidney and liver tissues of all rats. For this
aim, 1 mg of tissue was digested in 2,5 pl lysis buffer.
After the centrifugation of lysates at 14000 x g for
ten minutes, obtained supernatants were frozen in -
20 °C until analysis.
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The protein levels in the tissues were measured
by Bradford assay. The standard samples from Bovine
Serum Albumin (BSA) were used in different con-
centrations including 1:250, 1:500, 1:750, and 1:1000
dilutions of 2 mg/ml stock solution. 5 pl of 1:100 di-
luted lysate samples with 245 ul of 1x Coomassie
Blue protein assay solution was added to each well of
the 98-well plates. 5 pul of standard samples with 245
ul protein assay solution was also added to the other
wells on the plate. The plates were read at 595 nm and
a standard curve was drawn. Protein amount in tissue
samples was calculated by using this curve.

For sodium dodecyl sulfate polyacrylamide gel
(SDS-PAGE) preparation procedure was executed ac-
cording to Laemmli U.K.?! 6 ug of protein, calculated
according to the results of Bradford Assay, was mixed
with 6x loading dye and denaturated at 95 °C for 6
minutes by using a heating dry bath (Daihan HB4S,
Daihan Scientific Co., Ltd., Korea). Then, 6l of pro-
tein ladder (10-250 kDa) (Thermo Scientific, USA)
and samples were put into the wells of prepared gels.
The gel was run and then the protein was transferred
to polyvinylidene fluoride (PVDF) membranes (Roche
Applied Sciences, Germany) using electrophoresis and
blotting unit, respectively (Hoefer, Inc., USA). After
the protein transfer, the membrane was washed and
then blocked with 5% skim milk powder. Primary an-
tibodies used in this study are CYP27al (1:600)
(Abcam, USA), CYP27b1 (1:750) (Santa Cruz, USA)
and CYP24 (1:750) (Santa Cruz, USA). The mem-
brane was incubated by using one of these antibodies
for overnight at 4 °C. The membrane was incubated
using a horseradish peroxidase-conjugated (HRP) sec-
ondary antibody (1:2000) for an hour after the wash-
ing procedure. As a loading control, Actin (1:1000)
(Santa Cruz, USA) was used. The imaging of the an-
tibody-loaded membranes was done with using En-
hanced chemiluminescent (ECL) reagents (Pierce) and
medical X-ray film (Kodak, USA). Image analysis and
the calculation of the protein amount in the samples
were done with Image J software.

STATISTICAL ANALYSIS

GraphPad Prism software version 6.01 (La Jolla,
USA) was used for statistical analysis. After testing
data for normal distribution and homogeneity of the
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variance, statistical difference between specific
groups was determined by using Kruskal Wallis H
test. The coefficient of variation (standard devia-
tion/mean) was calculated for each parameter in each
animal and the data summarized as the mean and
standard deviations for each group. o= 0.05 was taken
as the level of significance.

I RESULTS

These studies addressed the investigation of possible
side-effects of LEV on bone and vitamin D metabo-
lism of healthy and genetically epileptic rats and elu-
cidate the mechanism of LEV and epileptic seizures
on these metabolisms.

Measurement of bone formation or resorption mo-
lecular markers allows diagnosis of bone-related disor-
ders and the determination of drug effects on bones. In
the current study, the amount of bone formation serum
markers, such as BSAP, OC and bone resorption serum
marker CTX, besides serum parameters including cal-
cium, PTH, 25(OH)D and 1,25(OH),D was measured
by ELISA. Thus, the levels of mentioned parameters
can be helpful to clarify the effects of both LEV and
seizures on bone metabolism.

Moreover, the protein amounts of vitamin D me-
tabolism enzymes were measured using Western Blot
analysis to elucidate the mechanism of AED and
seizures on vitamin D and bone metabolism.

CHANGES IN SERUM PARAMETERS

The only vitamin D metabolite for the determination
of vitamin D deficiency, sufficiency or intoxication is
25(0OH)D.* 1,25(0OH),D induces calcium transport

from bone, intestine and kidney to the blood. The pro-
duction of 1,25(OH),D is induced by PTH. Calcium
decreases PTH with a negative feedback, while there
is another feedback directly between 1,25(OH),D and
PTH. Vitamin D deficiency results in osteoporosis,
whereas its insufficiency can cause osteomalacia. The
serum levels of blood parameters mentioned above
are shown in Table 1. As seen from Table 1, serum
amounts of 25(OH)D, 1,25(OH),D and total calcium
concentration were significantly reduced in all rat
groups, while there were elevated amount of PTH in
just LEV-treated rats, but not in the epileptic group
rats compared to the healthy controls (Table 1).

Serum calcium homeostasis is maintained by
PTH and 1,25(OH),D together in intestines and kid-
neys. They increase bone resorption while calcium
and phosphate absorptions are increased in the intes-
tines and reabsorption of calcium with excretion of
phosphate is increased in the kidneys. Decreased
serum calcium amount in the LEV-treated groups in-
duces the secretion of PTH in elevated levels.” More-
over, the elevated amount of PTH induces the
production of 1,25(0OH),D.* Furthermore, the tran-
scription of the PTH gene can be inhibited independ-
ently by 1,25(OH),D.* In the present study, besides
the reduced calcium and increased PTH level in LEV-
treated rats, serum levels of both vitamin D molecules
were decreased. Therefore, it was indicated that LEV
induces reduced vitamin D amounts by affecting vi-
tamin D metabolism. Since there were reduced
amounts of serum calcium in epileptic rats, an in-
creased PTH level was expected in this group. How-
ever, a small reduction in PTH levels of epileptic

TABLE 1: Serum calcium, 25(0H)D, 1,25(0H)2D and PTH levels of control, epileptic and LEV-treated groups.
Calcium (mg/dl) 25-(OH) Vitamin-D (nmol/l) ~ 1.25-(OH) Vitamin-D (ngr/ml) PTH (pgr/ml)
Control 241.670+41.420 43.140+2.090 21.650+0.640 0.923:0.026
Control + LEV 187.830+23.800 37.970+2.200 18.030£0.570 1.066:0.069
(p=0.02)* (p=0.005)* (p=0.009)** (p=0.009)**
Epileptic 194.830+37.870 39.480+2.140 19.670+0.900 0.936+0.032
(p=0.02)* (p=0.04)* (p=0.04)* (p=0.09)
Epileptic + LEV 152.170+11.670 33.690+1.480 17.550£0.340 1.228+0.240
(p=0.0005)*** (p=0.04)+ (p=0.0005)*** (p=0.02)* (p=0.0005)*** (p=0.04)* (p=0.0005)*** (p=0.0008)***

Kruskal Wallis H test was used for statistical analysis. (*) represents the significance compared to the control group and (+) represents the significance compared to the epileptic group.
The p values less than 0.05 were considered as statistically significant (*, p<0.05; **, *p<0.01; ***, +*p<0.001).
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group was observed instead of an increase. Thus, there
may be an impaired PTH secretion in this group.

Products of collagen catabolism such as colla-
gen telopeptides are the commonly used biomarkers
for bone resorption. On the contrary, side products of
collagen synthesis and/or osteoblast-related proteins
including OC and BSAP are the markers of bone for-
mation. As seen from Table 2, these bone turnover
biomarkers (OC, BSAP, and CTX) showed signifi-
cantly increased levels in LEV-treated rats, while a
slight increase was seen in the epileptic rats.

PROTEIN LEVELS OF THE ENZYMES THAT FUNCTION IN
VITAMIN D METABOLISM

In the present study, the amount of CYP27A1 en-
zyme in liver, CYP27B1 and CYP24 enzymes in kid-

ney were measured using the Western Blot technique
to find out if there is any effect of LEV treatment on
vitamin D metabolism.

Vitamin D is transported to the liver after its ab-
sorption or production from precursors. In the liver,
CYP27A1 enzyme converts vitamin D to 25(OH)D.
After that 25(OH)D is converted to the active
metabolite of vitamin D; 1,25(OH),D by CYP27B1
in the kidney.?® In the kidneys, 25(OH)D is also con-
verted to 24,25(OH), D, which is the biologically-in-
active version of vitamin D, by the CYP24 enzyme.

Both seizures and drug treatment increased
CYP24 amount which has a role in the catabolism of
vitamin D in the kidney (Figure 1). Moreover, pro-
tein levels of CYP27A1 were also stimulated in the
same groups (Figure 1). The highest CYP24 enzyme

TABLE 2: Serum bone formation (BSAP and OC) and resorption (CTX) of control, epileptic and LEV-treated groups.

Epileptic + LEV 11.020+0.600 (p=0.01)*

Bone Specific ALP (ug/l) Osteocalcin (ngr/ml) C-telopeptide (ngr/ml)
Control 9.970+0.390 1.318+0.004 0.168+0.010
Control + LEV 10.530+0.140 (p=0.02)* 1.331+0.005 (p=0.04)* 0.192+0.011 (p=0.005)**
Epileptic 10.120+0.210 (p=0.08) 1.327+0.007 (p=0.04)* 0.176+0.007 (p=0.06)

1.338:0.005 (p=0.005)*

0.244:0.010 (p=0.0005)*** (p=0.0005)"*

Kruskal Wallis H test was used for statistical analysis. (*) represents the significance compared to the control group and (+) represents the significance compared to the epileptic group.

The p values less than 0.05 were considered as statistically significant (*, ®p<0.05; **, *p<0.01; ***, +*p<0.001).
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FIGURE 1: Protein levels of CYP27A1, CYP27B1 and CYP24 enzymes in the liver and kidney tissues of control, epileptic and LEV-treated groups are shown in
representative Western Blot images (A) and histograms (B). B-Actin protein was probed as a loading control.

Kruskal Wallis H test was used for statistical analysis. (*) represents the significance compared to the control group and (+) represents the significance compared to the epileptic group.
The P values less than 0.05 were considered as statistically significant (*, p<0.05; **, +p<0.01; ***, **p<0.001).
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levels were observed in the drug-treated epileptic rats,
while CYP27A1 enzyme levels were highest in the
seizure group epileptic rats.

I DISCUSSION

DIFFERENT EFFECTS OF LEV TREATMENT AND
SEIZURES ON PTH AMOUNT AND
BONE TURNOVER MARKERS

The serum amounts of 25(OH) D, 1,25(OH),D and
total calcium concentration were significantly de-
creased in both epileptic and drug-treated groups im-
plying a vitamin D deficiency in these rat groups.
Dura-Travé et al. also reported vitamin D deficiency
in epileptic children after LEV monotherapy by
measuring 25(OH)D levels of these patients.® More-
over, in LEV-treated rats there were elevated amount
of PTH levels while there was a small reduction in
the epileptic group. Loupy et al. reported that in low
calcium levels, impaired PTH secretion may be the
cause of primary hypoparathyroidism.”” Reduced vi-
tamin D amounts might be induced by the effects of
epilepsy itself and the epileptic seizures on the me-
tabolism of vitamin D as seen in LEV-treated groups.

Both 1,25(OH),D and PTH stimulates osteo-
clastogenesis and osteoclastic bone resorption by in-
creasing the amount and activity of osteoclasts
through increasing the expression of RANKL (re-
ceptor for activation of the nuclear factor kappa lig-
and) in osteoblasts.?® In the present study, levels of
bone turnover biomarkers increased in LEV-treated
rats, while there was a slight increase in the epileptic
group. El-Haggar et al. measured the bone formation
and bone resorption markers of LEV-treated epilepsy
patients and reported that drug treatment decreased
bone formation biomarkers, while bone resorption
biomarkers were increased with low BMD values in
these patients.® In contrast to our studies, Karesova
et al. reported increased BSAP and CTX of type I col-
lagen markers in Wistar rats after twelve weeks of
LEV treatment.'®

In summary, alterations in PTH and 1,25(OH),D
amounts in LEV-treated rats might stimulate bone
turnover by increasing bone formation and reducing
bone resorption. In epileptic rat group, a low amount
of 1,25(OH),D might cause reduced bone formation
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due to insignificant alteration in PTH amounts.
PTH level is the only difference in blood parame-
ters between LEV-treated and epileptic rats, except
for the bone turnover markers. Thus, elevated PTH
amount may have a role for the high bone turnover
in LEV treatment. High bone turnover elucidate the
structural alterations in bone mineral and matrix
composition in LEV-treated healthy rat group in
our previous study (unpublished data). However,
these structural alterations were also found in
epileptic rats compared to control rats which are re-
ported in our previous study.?” Thus, epilepsy and
seizures may affect bone metabolism by another
mechanism besides a decreased vitamin D amount.
Further studies should elucidate these unknown
mechanisms.

VITAMIN D CATABOLISM IS STIMULATED BY LEV AND
EPILEPTIC SEIZURES THROUGH CYP24 ENZYME

The protein levels of CYP24 and CYP27A1 in-
creased in both seizure and drug treated groups, while
the highest enzyme levels were observed in the drug-
treated epileptic rats for CYP24 and in the seizure
group for CYP27A1. Thus, vitamin D deficiency
with decreased amount of serum 25(OH)D and
1,25(0OH),D in LEV-treated rats may be caused by
the catabolism of active form of vitamin D to inac-
tive by elevated CYP24 enzyme levels.

The pregnane X receptor (PXR) was supposed
to be related to AED-induced deficiency of vitamin
D.** The PXR and vitamin D receptors (VDRs) have
60% homology for DNA binding domains and have
been shown to induce the cytochrome P450 enzymes
that are important for the drug metabolism. More-
over, PXR can be stimulated by different anti-epilep-
drugs
carbamazepine (CBZ).* It was reported that these
PXR activators may increase the expression of

tic including phenytoin (PHT) and

CYP24 which results in vitamin D deficiency and
causes reduced bone density and bone loss through
increasing bone turnover.?*3!

Although, the increase in amount was observed
for CYP27A1 and CYP24 enzymes of all rats in our
study, PXR receptor induction cannot define vitamin
D deficiency in this situation. LEV is not one of the
known activators of PXR. Moreover, epileptic sys-
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tems did not include any known PXR activators.
However, a connection of PXR polymorphism with
drug resistance in the absence form of epilepsy was
previously reported in humans.”> ABCB1 (ATP Bind-
ing Cassette Subfamily B Member 1) gene expres-
sion which is believed to have a role in drug
resistance in epilepsy is under the control of PXR.*
Therefore, PXR polymorphism might have a role in
drug-resistant absence form of epilepsy for respond-
ing to AEDs in patients.**

In our study, one of the genetically-induced
epileptic rat models that are the closest one to human
genetically-induced absence form of epilepsy
amongst other rat models was used.* They are called
WAG/R]j rats. It is suggested that the sub-group of
WAG/RIj rats (mixed epileptic form) used in our
study were reported as mainly resistant to AED treat-
ment.*® In our study, rats responded to the LEV treat-
ment and the seizures were inhibited in drug-treated
epileptic rats by the drug treatment during the study
(12 weeks) since an optimum dose of the drug was
used. Thus, these drug-resistant epileptic rats may
have ABCBI polymorphism, and as a result, PXR
polymorphism, which has a role in drug resistance.
The increased amount of PXR-induced enzymes;
CYP27A1 and CYP24 in the epileptic group may
also be explained by this polymorphism. However,
there are no reports in the literature indicating the ex-
istence of ABCB1 and/or PXR polymorphism in ge-
netically-induced epileptic WAG/Rjj rats.

Although LEV is not a known activator of PXR
receptor, an increased amount of CYP27A1 and
CYP24 enzymes in the drug-treated groups was ob-
served. There should be another mechanism for the
effects of LEV on the vitamin D and bone metabo-
lism. Previous studies reported the relationship of
LEV with the Wnt signalling pathway in both
epileptic patients and non-epileptic rats.'®3” Bone
formation is induced by the stimulation of the Wnt
signaling pathway, on the other hand, the inactiva-
tion of this pathway results in osteopenia.*® In the
osteogenesis process, activation and inactivation of
the canonical Wnt signaling pathway cause scleros-
teosis and osteoporosis, respectively.’* Previous
studies also reported the role of 1,25(OH),D in stim-
ulating Wnt signaling for bone formation.*’ The ex-

355

tracellular endogenous regulators of the canonical
Wnt signaling pathway include dickkopf-1 (Dkk1)
which is an inhibitor of this pathway. Antibodies
against endogenous antagonists have shown hope-
ful results in encouraging bone formation and frac-
ture healing.*! LEV is reported to increase the Dkk 1
amount, Wnt signaling pathway inhibitor, in control
and ovariectomized female rats which resulted in
bone loss in these animals.'® In another study, it was
also reported that LEV treatment changes the serum
levels of Wnt signaling inhibitors in epileptic pa-
tients.’” These mechanisms [decrease in
1,25(OH),D amount and increase in Dkk1 amount]
may explain the effects of LEV on bone metabolism
and explain our results including an increased
amount of catabolic enzymes of vitamin D, the ele-
vation of PTH and bone turnover biomarkers used in
the current study.

The limitations of the current study include the
use of only one dose of LEV treatment (100
mg/kg/day) in a single time-point (12 weeks). Since
the potential use of LEV for restraining status epilep-
ticus (SE)-, traumatic brain injury (TBI)- or stroke-in-
duced chronic epilepsy was also reported®,
investigation of the various LEV doses with differ-
ent time points could help to further elucidate the
dose-dependent effects of LEV in short- and long-
term treatment in seizures caused by different dis-
eases.

I CONCLUSION

Although significantly increased PTH and bone
turnover markers were observed in LEV-treated rats,
which induced a deficiency of vitamin D in these rat
groups, there was no elevation in PTH or bone
turnover biomarkers in epileptic rats. However, in
epileptic rats, there was also a vitamin D deficiency.
Thus, it was suggested that epileptic seizures may in-
duce compositional changes in bone tissue by other
mechanisms rather than stimulating the bone
turnover. In the present study, it was found that LEV
treatment increased the amount of catabolic enzyme
of vitamin D; CYP24. Morcover, an increase in the
amount of CYP24 enzyme was also found in epilepsy
group rats which imply almost identical effects of
seizures on vitamin D metabolism with LEV.
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