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Abstract

According to WHO data in 2016, about 50 million people hsve epilepsy worldwide, which make epilepsy one of the
most common neurological diseases. Antiepileptic drugs (AED) therapy are used in the long term. Its use was reported
associate with the decrease bone mineral density (BMD), calcium serum, levels of 25 (OH) Ds, the increase parathyroid
hormone (PTH), changes in bone turnover and the increase risk of fracture. Phenytoin, carbamazepine and valproic
acid are widely used AEDs in the world. This review investigated research data related to effects of antiepileptic drugs
on the bone using BioMed Central, Pubmed and Google Schoolar database. We aimed to provide a new understanding
of the effects of antiepileptic drugs (phenytoin, carbamazepine, valproate) on the increase risk of fracture.
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I. INTRODUCTION

According to the Word Health Organization (WHO) there are about 50 million people with epilepsy in the world, which
make epilepsy one of the most common neurological diseases. Mortality rates of epilepsy in the developing countries
are reported to be higher than under developed countries . Antiepileptic drugs therapy are used over the long term
with the monotherapy principle are preferable to minimize side effects and drug interactions @. Polytherapy are used
based on the therapeutic response and clinical conditions of each patient ©. Phenytoin, carbamazepine and valproic
acid are widely used antiepilepsy (AED) drugs in the world. Long-term use of AED was reported to be associated with
decreased bone mineral density (BMD), changes in bone turnover and increased risk of fractures ). The risk of fracture
increased 2-6 times greater than the general population and more than 15% of fractures occurred due to pathological
conditions associated with bone metabolic disorders ©. Incidence of fractures are 35 percent related to seizure activity.
The association of doses with fracture risk has been evaluated, there is a significantly increased risk of fracture in
patients with long-term cumulative use of AED®. Bone tissue constantly remodeling throughout life. The bone
remodeling cycle is performed by a bone remodeling unit (BMU) consisting of a group of osteoclasts and osteoblasts.
The process of bone remodeling begins with the contraction of lining cells and osteoclast precursors. Those precursors
forming multinucleate active osteoclasts that mediate bone resorption. Osteoclasts stick to bone and then process them
with acid secretion and proteolytic enzymes. Osteoclasts leave the resorption site and osteoblasts enter to cover the
excavated area. New bone formation process begins with secrete osteoid, which finally mineralized into new bone.
After the osteoid mineralization process, the osteoblasts become flat and form a newer layer of bone cells @,
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Figure 1. Schematic of Bone Remodeling Process ()

This article is the result of literature study related to the effect of AED use on bone metabolism disorder studied from
the results of systemic review and research studies with the aim to provide a new understanding of the effects of
antiepileptic drugs on increasing the risk of fracture, especially on classic antiepileptic such as drugs phenytoin,
carbamazepine and valproate. The method used in this review is systematic search of the literature on the effects of
antiepileptic drugs on bone-based BioMed Central, Pubmed and Google Schoolar databases with a combination of
keywords antiepileptic drugs, phenytoin, carbamazepine, valproic acid, osteoporosis, fracture, bone turnover, and
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change in bone metabolism. Our literature search is limited to systemic review and research studies literature published

in 2000 to 2017.

Il. RESULTS AND DISCUSSION
Table 1. Effect of Antiepileptic Drugs on Bone Metabolism

Clinical Parameters

Author BMD | Calcium 25(0OH)D PTH Bone Fracture Risk Mechanism
3 Turnover (OR)
Phenytoin
Feldkamp et al, bALP 1, Induces CYP450
2000 © ! 0C? hydroxylase enzyme in
Y. Sato et al, the catabolism process
2001 © ! ! ! ICTPT of Vitamin D
Vestergaard et al, 1,20; 95% CI Inhibits the absorption
200410 (1,00-1,43) of calcium in the
Souverein et al, 1,67: 95% ClI intestine and/ or
2006 1V (1,19-2,36) decreases the active
A.M. Pack et al, metabolite levels of
2008 12 ! Vitamin D in the
Meier & tissues
Kraenzlin, bALP 1, Inhibits the
2011® ! ! ! T NTX 1 proliferation of human
osteoblasts like cells
Carbamazepine
Vestergaard, et 1,18; 95% ClI Inducer of cytochrome
al., 2004 10 (1,10-1,26) P450 enzyme which
Pack, et al., bALP 1, leads to increased
200543 ! ! ! NTX 1 inactivation of vitamin
Borstel-Smith, et D to calcitroic acid
al., 2007 4 l ! thus decreasing the
Mintzer, et al., bALP 1, absorption of calcium
2006 (° ! 0C?t Direct effects of
Souverein, et al., 1.88; 95% ClI carbamazepine on
2006 1V (1,33-2,65) osteoblast proliferation
Lyngstad-B, et bALP?
al., 2008 09 ! !
Menon &
Harinarayan, ! 1
2010 @9
Meier & Marius bALP1,
E., 2011 ® NTX 1,
l © l T |icTey, oc
1
Ahmad, et al.,
2016 (9 !
Valproate
Isojarvi, et al., PTH 1, but BMD does
2001 49 - not decrease. This
Boluk, et al., ALP < suggests that valproic
2004 40 ! “ acid may affect bone
Pack, et al., 2005 metabolism, but
(13) - l < < valproic acid can
Kim, et al., 2007 oC 1 compensate for bone
1) e e e T homeostasis with 1
Verrottia, et al., bALP 1, formation
2010 < < PICP 1,
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ICTP 1, - Ca | in patients
oC1 receiving valproic acid
Bauer, et al., OPG 1, showed that Ca levels
2013 @ ALP 1, were not only
RANKL « influenced by
Hamed, et al., l ! ! OPG |, metabolism CYP450
2014 ® ALP 1,
SRANKL/
OPGt,
SRANKL 1

Abbreviations:BMD, bone mineral density; 25(0H)D3, 25-hydroxycholecalciferol, PTH, parathyroid hormone; ALP,
alkaline phosphatase; bALP, bone-specific alkaline phosphatase; OC, osteocalcin; ICTP, C-terminal cross-linked type
I collagen telopeptide; NTX, N-terminal cross-linked type I collagen telopeptide; PICP, Procollagen | carboxyterminal
propeptide; OPG, Osteoprotegerin; SRANKL, soluble receptor activator for nuclear factor kappa B ligand; OR, Odd
ratio.

A. Phenytoin

Phenytoin is an antiepileptic drug that widely prescribed to control partial-clonic and partial-complex seizure as well
as the management of partial clonic seizures status epilepticus. Phenytoin is mainly have an action on the neuronal
voltage-dependent sodium channels, inhibiting high voltage activated Ca?* channels and potentiate GABA at GABAA
receptors®+2%, Phenytoin is metabolized in the liver primarily by CYP450 2C19, and it can also activate some
transcription factor receptors such as PXR, CAR and AhR which induce the synthesis of CYP1A2, 2B6, 2C9, 3A4/5
enzymes®27), The major systemic side effects of phenytoin include gingival hypertrophy, increased hair count, rash,
decreased levels of folic acid and bone problems. Neurotoxic effects of phenytoin include confusion, speech
impairment, double vision, ataxia and neuropathy@®, The mechanism of the phenytoin effect on bone by inducing the
CYP450 hydroxylase enzyme in the process of catabolism of vitamin D by hydroxylation of 1,25-(OH)2D into an
inactive form 24,25-(OH)2D. Phenytoin directly inhibits the absorption of calcium in the gut and/ or lowers the active
metabolite levels of vitamin D in the tissues through decreased levels of CaBP (calsium binding protein) and CAMP as
well as Ca intake in the intestines by tissue. Phenytoin inhibits the proliferation of human osteoblast like cells thereby
inhibiting the formation of new bone cells®?9, Several studies have shown side effect of phenytoin in bone. Case control
study of 3,478 epileptic patients who experienced fractures showed an increased risk of fracture due to the use of
phenytoin with OR (odd ratio) 1.67 [95% CI (confidence interval) 1.19-2.36], patients with a duration use of AED over
12 years had the greatest risk [OR 4.15 (95% CI 2.71-6.34)] and the use AED combination has a greater risk than
monotherapy [OR 1.61 (95% CI 1.36-1.91)]“Y.

A cohort study of BMD measurements of knee and hip bones in women over 65 years suggests that there was an
increased BMD loss in patients taking phenytoin compared with non-users, on knee bone [OR 1.8 (-2.68% vs -1.46%/
year p <0.0001)] and hip bone [OR 1.7 (-1.16% vs -1.70% / year p = 0.069)] . There was a decrease of BMD in
patients taking phenytoine for 1 year compared with controls in healthy patients by 13% (12% in men and 15% in
women, p <0.0001) accompanied by decreased Z-score (-0.66 + 1.38 vs 0.11 + 1.28, p <0.001) and T-score (-1.12 +
1.34 vs 0.24 + 0.48, p <0.001)®. However, other studies suggest that a decrease BMD in young women after 1 year of
phenytoin use only occurs in the femoral neck (0.023 + 0.030 g/cm? or -2.6%) and not on lumbar or knee bone®?.
Several compounds have been investigated as a marker of the phenytoin side effects on bone, including osteocalcin,
25-(OH)D3, 1.25-(OH)2D, PTH, bone ALP, PICP, ICTP, calcium, magnesium and phosphate ions. Studies show
decrease levels of 25-OHD and 1,25-(OH)2D in patients taking phenytoin compared with controls in healthy volunteers
(12.1 +10.0 vs 21.6 + 11.40 ng/ml, p <0.001) ®. Other studies have shown that patients had 25-OHD deficiency after
6 months of phenytoin therapy (29 + 1.3 to 17.2 = 1.6 ng / ml, p <0.001)". Other studies also shown that there is an
increase in PTH levels in patients taking phenytoin compared with controls in healthy volunteers (31.6 + 5.8 to 44.1 +
14.3, p <0.0001)®. Studies on bone ALP levels showed that there was an increase in patients taking phenytoin compared
with controls in healthy volunteers (110.3 + 50.8 to 160.7 + 66.2 u/l, p <0.001)®. Another marker used to measure the
side effects of phenytoin in bone is ICTP, a marker of bone resorption, showing higher levels of control (4.8 + 2.7 vs
3.5+ 0.7, p <0.0001)®.

B. Carbamazepine
Carbamazepine is a first line therapy in the management of partial seizures as well as secondary generalized seizures.
Carbamazepine primarily acts on a voltage-gated sodium channels. Carbamazepine acts on an inactivated Na* ion
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channel, precisely at the extracellular portion of the canal, the binding of carbamazepine to the inactivated Na* ion
channel will slow the recovery of the canal to its active form causing nerve impulses not to be delivered immediately,
nerve cells not easily triggered and than prevent seizures®3Y, Carbamazepine is an inducer of the P450 cytochrome
enzyme system which have a negative impact on bone. This occurs because carbamazepine upregulates the enzyme
which responsible for vitamin D metabolism, causing the conversion of 25 (OH) vitamin D into the inactive form and
also causes a decrease in 1,25 (OH), vitamin D so that the absorption of calcium in the gastrointestinal decreases,
hypocalcemia, parathyroid hormone (PTH) in the circulation, increased bone resorption, and increased bone
loss®17:1831)_ Carbamazepine belongs to a class of drugs known as xenobiotics, xenobiotics activating nuclear receptors
known as steroid receptors and xecobiotic receptors (SXR) or pregnane X receptor (PXR)®. One study showed that
xenobiotics upregulates 25(0OH)Ds-24-hydroxylase (CYP24) in the kidney via PXR activation, this enzymes catalyze
the conversion of 25(0OH)D into the inactive metabolite (24,25-dihydroxyvitamin)®?, Other studies have shown that
xenobiotic activation may increase the expression of CYP3A4 isoenzymes in the liver and small intestine, the CYP3A4
enzymes converts vitamin D into a more polar inactive metabolite®®. Carbamazepine also gives a direct effect on the
osteoblast proliferation at a concentration equivalent to the therapeutic dose of epilepsy management®,

The use of carbamazepine as antiepileptic drug was reported to be positively correlated with decreased BMD 1618
decreased in serum calcium level 314, decreased 25(0OH)D; levels 1317, increased PTH (parathyroid hormone)®1317),
and increased bone turnover (bALP, NTX, OC, ICTP)®131518) | yngstad-B, et al., (2008) reported a decrease of BMD
in the use of carbamazepine monotherapy in proximal forearm from 0.60 (0.50-0.74) g/cm? to 0.53 (0.45-0.72) g/cm?
(p <0.01)19, Carbamazepine positively correlated with increased risk of fracture. A case-control pharmacoepidology
study with outcome fracture and use of antiepileptic drugs as control (124,655 cases and 373,962 controls) showed that
carbamazepine increased fracture risk by OR 1.18, 95% Cl, 1.10 -1.2619, A cohort study over a period of 8 years with
a study population consisting of 1,018 cases and 1,842 corresponding controls, the risk of fracture increases with the
duration use of antiepileptic, the association was strongest in use> 12 years withOR 4.15 (95% CI 2.71-6.34) p <
0.0010n carbamazepine there was an increased risk of fracture by OR 1.88 (95% CI 1.33-2.65) p <0.001¢9,

C. Valproate

Valproate is an antiepileptic drug with broad spectrum used in patients with absence seizures, myoclonic seizures, tonic-
clonicseizures, especially those that are primarily generalized, a few patients with atonic attacks may also respond, and
some evidence suggests that the drug is effective in partial seizures. Valproate may be used as monotherapy as well as
in combination with other AEDs %, Valproate with molecular formula CsH1sNaO, has a molecular weight of 166.196
g/mol ©3) . Valproate is one of a series of fatty carboxylic acids that have antiseizure activity, this activity appears to be
greatest for carbon chain lengths of five to eight atoms, while the double bond decreases its activity®®). Valproate have
an action on voltage-dependent sodium channels. Voltage-dependent sodium channels are in one of three basic
conformation states: resting, open, and inactive. During one depolarizing cycle, voltage-dependent sodium channels
pass through these three conformational states in sequence (resting-open, open-inactive, inactive-resting) and the
depolarization response does not occur until it return to inactive-resting status. Valproate has a large affinity on the
binding protein channels when it is inactive so the conformation process runs slowly ¢”. The second mechanism relates
to increasing levels of GABA neurotransmitters which are the enzyme inhibitors of succinic-semialdehyde
dehydrogenase. Valproate also reduces glutamate excitatory neurotransmitter levels ¢,

Mechanisms involving the effects of valproic acid on bone metabolism are a direct effect on bone cells. Several invitro
studies have reported the direct effects of valproate acid on bone cells, because valproic acid acts as a histone
deacetylase (HDAC) inhibitor ©9, HDAC performs histone deacetylase by removing the acetyl group from the lysine
residue on the histone. The HDAC process blocks gene transcription. Valproic acid can induce inhibition of HDAC,
histone acetylation, accumulation of hiperasetilasi will causes interference of cellular functions such as cell
differentiation and apoptosis “°. Valproat also has another mechanism on bone that is an effect on decreasing active
metabolite of vitamin D, although valproic acid are not included in a group of drug inhibitor enzyme CYP450 but
several studies have shown that valproic acid can induce the catabolic enzyme of vitamin D &%, Indirect effects on
bone metabolism through endocrine function, a study about the long term use of valproic acid in men affected
hypothalamic-pituitary-gonadal axis “Y, whereas in women associated with regulation of menstrual cycle, polycystic
ovarian syndrome, hyperandrogenism ©9. Valproate was reported to be positively correlated with a decrease in BMD
(520); decreased serum calcium ©19; decreased levels of 25(0H)D3 ®; increased levels of PTH @V; and inreased level of
bone turnover (bALP, ALP, NTX, OC, PICP, ICTP, sRANKL) 2123 Several studies have reported the effects of
valproate on bone. A prospective study was conducted on 31 adult patients newly diagnosed with epilepsy receiving
oxcarbazepine therapy (n = 16, mean age 45.6 years) or valproate (n = 15, mean age 42.2 years). Calcium, phosphate,
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ALP, RANKL, OPG, OC and cathepsin K were analyzed at 2 weeks and 3 months of therapy. In patients with valproate
therapy, the OPG increased 0.07 mmol/L (p = 0.004) after 3 months of therapy although the other markers showed no
significant differences @3,

The study involved 25 post-pubertal males, newly diagnosed of epilepsy with an average age of 16.5 to 22.1 years and
20 control of healthy post-pubertal male, measured parameters of bone metabolism and bone turn-over. After 12 months
of treatment with valproate, the patient had increased formation parameters and bone resorption compared with baseline
values (bone-ALP: 51.249.9 vs 57.3+9.3 u/ |, p <0.01; OC: 8.1+1.1 vs 10.4+1.5 Ig/l, p <0.01; PICP: 138.7£16.4 vs
152.6+17.1 Ig/l, p <0.01; ICTP: 3.8+0.8 vs 5.9+0.6 Ig/l, p <0.01) @2, Comparative cross-sectional case-control studies
were conducted in 75 adult patients aged 20-50 years and 6-25 years of age. Patients received therapy at least 6 months
before being included in the study, 23 patients in valproate therapy, 40 patients with carbamazepine and 12 patients
with valproate + carbamazepine, and 40 healthy patients as control. The results were compared with controls, patients
with valproate therapy were significantly lower in BMD (p <0.001; p <0.0001), BMC (p <0.001; p <0.001), Z-score (p
<0.0001; p <0.0001), and T-score (p <0.0001; p <0.0001). Laboratory results showed significantly lower levels of serum
calcium (p <0.0001), 25(0OH)D (p <0.0001), OPG (p <0.001), whereas higher levels in ALP (p <0.001), sSRANKL (p
<0.0001), and RANKL/OPG (p < 0.0001) ©,
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111. CONCLUSION
Long-term use of AED, especially AED inducer of cytochrome P450 enzyme (phenytoin, carbamazepine) and valproate
positively correlated with decreased bone mineral density (BMD), decreased serum calcium, decreased levels of
25(0OH)Ds3, increased parathyroid hormone, changed bone turnover and increased risk of fractures.

The mechanism of actions of AED on the increased risk of fracture are the AED inducer enzyme cytochrome P450
which induces inactivation of vitamin D into calcitroic acid thus reducing absorption of calcium intestinal, AED can
also cause direct inhibition on absorption of calcium intestinal, direct effects on bone and inhibition of osteoblast cell
growth.

Patients with a history of prolonged use of AED (> 5 years), especially those using an AED inducer of hepatic enzymes
or valproate, with risk factors (high doses of multidrug AED regimens, low vitamin D intake, limited exposure to sun,
patients with chronic diseases, old of age, low physical activity, the use of drugs that induce chronic metabolic acidosis,
and therapy with another drugs that induce hepatic enzymes), or with osteoporaosis risk factors, suggested for BMD
testing and recommended for supplementation of calcium and vitamin D.
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