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Seznam pch pkipiek T

AED antiepileptika (antiepileptic drugs)

ALP al kalick8§8 fostatsgza

BALP kostn?2 ant@ahbirmk® fosfat8§zy

BLCs kost | emuj 2 cinigcellky (Bone

BMD kostn2? miner 8l n2 hustot a

BMP kostn2 morfogenetickl protein

BMU z8kl adn?2 mnohobunD|l n® jednotky kost:i (
BSP kostn?2 sialoprotein

CT kalcitonin

CTX-I Ctermin8ln2 telopeptid kolagenu typu I
CYP450 cytochrom p450

DPD deoxypyridinolin

DXA dvouenergiov® rentgenov® absorpcti omet
El estron

E2 1 7-bstradiol

E3 estriol

E4 estetrol

ELISA enzymovs§ imunoanallza

ER estrogenovli receptor

GABA kyselinaga maami no8m8s el n

GAG gl ykosaminoglykanov® zbytky

GBP gabapentin
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Souhrn

Vzhl edem ke st8rnut?2 populace a prodluguj2c?
zg§vagnl celosvhDtovl zdravotn? probl ®m. \Y;

osteopor -zou trp?2 v2Zleomergi My00v md TS loend[k U i adgt.
hl avn?2 pdSrzdiichiotuy ma mortal ity st arfgadeah d Tikda2z T( (

naznal uj e S 0 uantiepileptiky ta rReozsit n 2 mi a Prevalencea | i1 t am
osteopor-zy a osteopenie u dlouhodobhl | ®| enl
pacientT s epilepsi? m8 n2zkou hodnotu kost
2020).

C2lem t®to disertaln2 pr8ce bylo plhsmaziahi

antiepileptik (zoni sami d, gabapentin, pr e
met abolismus u mladlich potkanT kmene Wistar.
Byl potvrzen negativn2 vliv proveden® orchi

tTdn®chbhidektomie vezddamrk®mu agri2sgedrm2k yBMD a mr

viiv na mechani ckNaug eo dvoll snloesct k yk opsatt2v.r zuj 2 , g ¢
proveden® orchidektomi. mTpe2 $éd¢2 pmoddlovgno :
osteopenie.

Po 12 tTdnech pod§8v §n zonisamid, lgabpendnngreigabalin, | e pt i k
|l evetiracetam) nebyl potvrzen statisticky vi
potkanT ani u gonad8lnhD intaktn2ch potkanT.

byl po pod&8ve&n2 | evetiracetkamsu n2jcih¢gBiiBr kel n
CTXl a RANKL, u gabapentinu a pregabalinu vI
obratu RANKL. U gonad&ltrmltn2cbylpmt banTug2v§8n? | ev e
namhNSeno statisticky vIznamn®, uzpredabainn byl mar k e |
Zi gt Dn viznamnl vzestup Kk dJstgns2dma®bmddizige rcth sl Ig
uvedenlch antiepileptik nebyl potvrzen stat
odol nost kost2 wu orchidektomovanich potkanT

DIl ouhodob®n2pomd&wilDj g2ch antiepileptik (zoni s

| evetiracetam) | ze po vhedskazadtr azva2 nk®nsll 2r.i zi kov
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Summary

With an aging population and increasing life expectancy, osteoporosis represents a
major global health problem. Currently it is estimated that more than 200 million people
suffer from osteoporosis. Fractures due to osteoporosis are the major cause of
morbidity and mortality in the elderly (Compston et al., 2019). A large body of evidence
suggests an association between AEDs and bone abnormalities. The prevalence of
osteoporosis and osteopenia in long-term treated epileptics is high. More than 50% of

patients with epilepsy have low bone mineral density (BMD) (Ko et al., 2020).

The aim of the dissertation was to evaluate the effect of orchidectomy and the effect of
selected new antiepileptic drugs (zonisamide, gabapentin, pregabalin, levetiracetam)

on bone metabolism in young Wistar rats.

The negative effect on bone tissue after rat orchidectomy was confirmed after 12
weeks. Orchidectomy led to a statistically significant reduction in BMD and had a
negative effect on the biomechanical properties of bones. Our results confirm that
young rats after orchidectomy can be considered a suitable animal model for the study
of osteopenia.

After 12 weeks of administration of new antiepileptic drugs (zonisamide, gabapentin,
pregabalin, levetiracetam), there was no statistically significant effect on BMD in
orchidectomised rats or gonadally intact rats. In the orchidectomised rat group, a
significant increase in bone markers i BALP, CTX-l and RANKL i was confirmed after
the use of levetiracetam, and a significant increase in bone turnover marker RANKL
was observed after the use of gabapentin and pregabalin. In gonadally intact rats, a
statistically significant increase in the markers BALP and CTX-l was measured after
the use of levetiracetam, while a significant increase in the bone marker sclerostin was
observed with pregabalin. None of the more recent antiepileptic drugs mentioned
above has been confirmed to have a statistically significant effect on the biomechanical
properties of bone in either orchidectomised rats or gonadally intact rats.

Long-term administration of the newer antiepileptic drugs (zonisamide, gabapentin,
pregabalin, levetiracetam) can be considered as less risky for health.
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1.bvod

Kost je metabolicky aktpiSers2 atvlb&B gakimongRujje
dNt satobmévuiadapt aci kostry v dospDiDI ogetkbstra BDhem
dosphRl ®ho | leapSk bl olgmddv j edHome aat §rsekos i |
proces, na kter®m je pod2lej2 dveaetbatr@avmaj typga b
resorpci kostn2 tk&nh a ost eDifdrdncasetayaktivita 0 S2 ¢ 2
t Dchto dvwonumdyp TbT tkop$ds mPvENa, aby byl o zac
integrita skeletu po c eZafyziolpgi vcoktl c(hB aploodgni? neetk al
homeost 8zy |je o0steokljaast iosk & olbil mrsd s tcddbpaic d i qip
er odov anlfla aeasnahrazena novou k o s Nar uggenh ®t o homeost a
rovnovsghy ve prospQihcét @@kléddlsanbh oar kni8il vni2t yr e mo d
kosti a rozvoji kostn2ch dA-Bametalna020%., | ako | e

Osteopopragr pgistv®mMov® onemocniNn?2 skiblyekemcha
k o s thméty a p o gk oz enkrdanchitektury k o s t n 2 t k § ke z wiegdeonuzc 2
kSehkosti ko®mazva gerBs | edzi Xlao melnd mgniwv. dTs|
osteopor-zy jsou hlavn2 pS2|inou morbidity :
2019). Vzhledem ke st 8r nut 2 popul ace a prodluguj 2c?
osteopor-za z8vagnl cela¥voolvasu@®@rdobbDnsdepo
ge osteopor-zou trp?2 (WPzenned 2200 ,mi2l0iloanT | i

fada dTkazT naznal uantepileptikyu(AEDs dntiepileptic drigs) a

kost nz mi abwloe tganl?igteanmizi ty kostn2hoasmi2rnmer 81 u
spoj en®hgl®nizka zlomenin.Tot o ri zi ko | eAEDYy@paukuj & gi
jatern?2 enzymygveABDmkRii m8@nikug 2c? PitbeabD@®E enzy
| aspgod8v § nabumpdk @al ek nebo celogivotnhD. Je vel
a porozumhRt modgnTm metabolickl m oc hpyrlockt§ony es |
viDt gi nana¥dstiznTksTt 8v8 dl ouhonTgebklrivmritck®ky, neg
klinicky (Arora et al., 2016; Pack, 2003; Barnsley et al, 2021).
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2. Kost

21 Anat omi e kost.i a funkl|l n?z morfologie

Kost je specifick8 pojivovg tk&8R s vysoce mi
Zast §woBo nezbytn T ch f Urikls2k @m SIolueg2 jako mechani
poskytuje ochranu mozku a jse | m2nscthenm chabtrma toa pgas
je tak® prim8rn2m zdrojem a z8sob8rmau anor
v8pnz2ku, kter® se mohou aktivnhD podz2]| et na
metabolismu vt 1N (Ski et al., 2020).

Povrch kosti je tvoSen vr semwauv rkiotlirgze 812 than i
endost a na vnDOOGN strakDiupda jse@ sz wnKG®JIF a
vnit Sn? bunhR|l n® vrstvy tvoSena®preosteoblastypr ogen i

Endost je mnohemat ezmalj2i grSeu§ ep evrligd svtu kosti . J
osteobl agtsb,u ktdd r9®Tbsnt@ a remodel aci kosti. P
kol agenn2m vazivem s | etnlmi fi brjoeblzadset yv,e |kko

mnogstv2 nervovKalha gzeanknezn | ketn@ikch&zej 2 z vnhjg
periostu pS2mo apevi®ottvuj hatpreiri ose kazkwvaj h
Sharpeyova v | 8§ KBuck et al., 2012).

22 Kl asi fi kace kost?2

Kostn2 tk8&8R se dRI2 na vdveakhog By :a RBreikm&rdEza na
|l amel 8rn2 kost.

Pri m8§r msé vydkytuetvr an® f §zi amfiogreagereroadiljkogte?

nahrazena | amel 8r n?2 kostn? t k8&n?2.

Zr al 8 | amel 8r n?2 kost §B@e Iplodd| ea | d kpoldtypy-a e &t ar
kompaktn2 (kortik8l eppngposkosmt .trlaibeklud Skosdt n
pSibligniabeXkul%rmn2t kosti a z 80 % z kortikeé
Barnsley et al., 2021). Korti k8§l n2 kost je tvoSena | amel
uspoSg&danTch kol agemonfah megkéonl¥ n® hmotN.
koncentricky uspotS88d 8nmyh ok o(lHeanvec s v a) kansgl k

13



krevn2 kapi | 8r yOsteonnnebolvHeawg rvsl Te&vk msay.st ®m | e z 8§ k|
jednot kou kosti. Pro Kkomuni kaci S ostatn
gi kyh®@l kmannovy kang§l ky, kat enre® vzoavjlicghS uvjl2§ kpeSe v
k Haversovim kan8l kTm. Vol kmannovyCokaaeh §1 ky 1
al., 2023).

Kompaktn2 a spongi-zn2 Kkost jsou si vel mi p C
sl ogen2m, ale viraznhD se | i @stnossny(Grabowskink c?2 a
2009). Kompjaktmi#ds tk8,stt visd§ z k oautk mz totoBr&uR

pSibl % n|]WNJuje mechanickou pevnost a inte
trabekul §rn2 kosp$Se ke veyd8mdshed urhd c2eh§ ktls,d t rh @
rychlostk o st obhatu pSiblignhD 26 % za rok, m§& nig

aje met abolickKyinmkdakwnRighamn® | e, ge vt
zlomeninse vyskytujevt r abekul 8rn2 kosti, ktervw? e dnedh §
korti k8l n2 kost (Barnsley et al., 2021).

Kompaktn2 kost tvoS2 diaflzusydlt ®meinc hp ak @s te:

uspoSg&danlTch osteonT, povrch sest8v§ z rovn
Spongi -zn2 kost emief Tazlgackhlykt audpté r §a kobtech. Je
tvoSena | amel  -znND uspoS&§danimi tr&mci kost 2,

s2¢@® mdnr2TbNhu oweha®hdDkgi pTsoben2 r TBnahdih mech
2009).

2.3 S| 0 §kosti2

Sl ogen?2 koehtedemsaev Nki,g2ansat omi ck® um2stnDn2, zZp
viivu onemocniDn2. ObecnlD se kost dospDhDIlI ®ho |
kostn2 matrix, kter8 tvoS2 90 % cel kov®ho ob

231 Kostn?2 matri X

Kostn2 matri x 35 ®hajorganiock® @a%)is ¢ lo ,édy (5-10 %)
a lipidy (1-5 %).

14



Anorganick8 sl ogka

Anorganickou slogku tvoS2 pSev§gnhD,zbyiegn2 k a

tvoS2 uhlilTjtédhuoeBpenatpe@msdh amihmeSredInm2tdh
rozhodumeéchaprok® vlIastnosti kosti. Vgechny
tk&8ni pevnost. S klesaj2c?2m obsahem miner 81 T

riziko zlomenin (Lin et al., 2020; Wang et al., 2010).

Organick8 sl ogka

Organi ck§&t vimaSteshi8xo,b| asty, se skl §d§ typuSledev g2
(pSiblignhe@othpougr oubtowd $¢ram2m SeatdleBma U2
SetNzOig&ddi ck& matri x obsahuwkjtee ctBuakir@® dptr eort iezoogv §
pS2tomnost 2 gl ykos@AG)no glbyk &rifovkokal(ent nh \
proteinov®5j] §gdToGAMBezbyt kT, kter® se v prote
keratansul f8t, chondroitinsulf8t, heparansul
Soul| §st? organi ckgaykopretding b k s gdsdop¥ alak® nN pSi p
mol ekuly sacharidT na b2l kovinn®m SetDzci
(osteokalcin, o st eonekt i n, k oosteopontin)sai arl Tosptroovt & i fnga k't or y
rTstov® $ak2imey zekjoms®@ma etwk®f proteng, rodinu
transformuj2c2ch r Tst-hinlerelkin-6. ¥§eohhy itygter Ifeal
hraj2 dTlegitou rol. vV osteogenezi, mi ner al |
d8§veg§ kosti jej2 tvar a zajiShi%®ug. 020 Buwkehost Vv
al., 2012; Lin et al., 2020).

232 BuRky kostn2 tk§gnh

Kost m§8 schopnosdosk&ljeolpiSovyyet @b alyuinvdk TRohv ant§ r
z8§soby miner 8l T a pSetv§Set strukNartuvambDB§Hk

resorpci a udrgovgn? kosti se podz2| eja? rTzr
osteoklasty ( Shi et al ., 2020) . Kostn? buRky tvo$S?
Vzni kaj ? ze dvou bunhRDlnlTch lini?2: Z mezench
ng8sl ednflerencuj 2 v osteobl asty a osteocyt
hemat opoeti ck®ho pTvodu (Buck et al ., 2012).

15



Osteoblasty

Osteoblastypoch8zej 2 z multipotentn2ch mezenchym§]|
Aby mohly plnit svou Yiumiohpuovatusdo MBLTstne | akt
resorpce, kde se proliferujz a diferencupp v akt i vn?2 osteobl asty. I
mi v kos
resorpce. Zej m®na tranefdonrEmwj 2 cBetad [TGR-tolv) fraTkst toar v |
faktor odvozenl okdo sdters2t i moerkf o PeDB#BDI) akkd s tpm2ot e |
mor fogenet i cBMVPA) (Balagh et al. r2018). (

regul ov8na rTstovimi faktory ulogenl
T,

Osteoblasty soumononuk| e8§kuondi bk ®ksy |tevtarTumi vIibnNgky,
jsouvkontakt u s dal g2 MNiacb$§tz eddircasttvyo S2 ck?ocsht ns2ec h
tr 8mcT, uspoS§dan® jako jednovyr satlevnplosdpiptnd)
zanoSuj2 do novQ3teoblasty Sen®2 Kdsvtgech kostn2ch

funkl nzho hl edi ska | sou osteobl astilyv odonb®S e

schopnosti psysit Belgingac§v2 morgani ck® matrix a
mi neralizaci kosti. BNhem t ouhjc®t ok opl raogceens, u poSse
kol agen typu I, nekol age,krt2er®r dtveoiSrty oa gmma tc

OsteoblasykWatrak® akti vidlkalickkfos $ hya(BASLzZP) f, o rkrhye r §
pSisp2vs§ kkmishneér alGii v@at¢inost o§tdedbl 48§57 jost &c
s e mMhmosteocyty (ccal5%) a | 8st na tzv. kost | emuj?2c?
zbytek podl ®(B8loglagta. p2018;5lei et al., 2020).

Osteocyty

Osteocyty jsou nejhojnDji zastogpehokoskunpic
bunhk.ni kaagt2eazbl ast T obklopenFaohgojganpa&kbopri
mechanosenzory a hraj?2 kIl 2] ovolw orS&! il akSinyi mi
spojenyso st at nz mi osteocyty a kost nkastirgagovat c he m |
na sti mul ve vel k®&m rozsahu. Signalizuj? nu
m2stech kosti, udrguj?2 homeost 8zu v(Bagogh? ku. G
et al., 2018; Shi et al., 2020).
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Kost | emuj2c2 buRky

Kost | e mu j(BorezlinighcellR BYCS) j sou hojnhN zastoupenl m,
prozkoumanim typemJiedmBk se bosta&hi vn2 osteo
se dlouhTm gt2hhbamh&zdj 2demsea nad?plssmgazc hu Kk
nor m8l n2 KkostanjSou zdermojdeerh aadkti vnNahl8 s tkodmlb&st
| ® ba parathormonem mTge vyvol at .PpSSednpdrku SBILEC
se,kget | emuljrzaej22 bruRlkiy v kostn2 remodel aci t?2
prekurzorT ost eoktstidledaefal.,.202phovr chem ko

Osteoklasty

Osteokl asty jsou vel k® v2cej adwenid@ocyou RK Yy ,
makr of 8go\We® dITilreigei.t Dj g2 vlIastnost? osteokl ast
pl nD mineunkdstzovReamsorpce zal 2n8 aktivac?2 ost
se osteoklasty pSipojily k povrohuelsostpi n?K
jamk8ch tzv. Ho ws,Kit pcogimégls t ek uwn ®t RovE&n2 pr ol
enzymTJ] a kyseldegradaé&éemamri x a rozpougtiDn?
degradace se osteoklasty st8vaj? neaktivn? mi
bunhD|l n® apopt:-zy. hbe mpan §amot onkni onhTo, kter® reg
aktivitu ost dgarddlivasz &8p,$ ev lIneat mldcept or aktivuj 2c
kappa B (RANKL), osteoprotegerinu, interleukinu-1, interleukinu-6, faktoru
stimuluj?2c?2ho kol oni e ma k -dilydréxygvifam?nu pDamat hor n
kalcitoninu (Buck et al., 2012; Shi et al., 2020).

24 Ko st rodelaca

Proces k o st n?2 model ace je zodpovDhDdnl zKao sttwm&r b u
model ace omrsabr2zam&In2z m | 8§st i kosti z jednoho m
m2stech nez8§vi oisitreodTashdn2amost eokl ast T. K
bNDhem rTstwn?zkloa mDk@u vpo, cel reakci na mect
(Langdahl et al., 2016).
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2.5 Remodelace kosti

Udr govgn2 kostn2 struldtymraynijckome uotv§ilolvEmmoac 6
formac?2 a resorpc?2. Ne jsptravre® dkoocsht8nz??2 tkk SondX:s ta
nahrarcenBP vytvoSenou kostn2?2 tk§&§n2 osteobl ast
je kl2]ovsg8 kpsantddhdgmen?dy (Siddiqui et al ., 2
Poruchy v tomto procesu mohoupodpor ovat buNn2yleq@dnik ose méd o
Hustota kost n?2rhej vizigger-3dheun kjeedd0O a pot ® postup
(Svalheim 2011). Kostra dospQhDj ®hkomplboetdDkl@B remodel ov 8gn
let (Langdahl et al., 2016). Kost n2 r egnodkd tadregen?2 mechani ck®@
kost2 a regulaci kalciUeadoafvichyv @kdi meaTatlse| k s
procesem o b nov?2 % &astry.IR@émodelace pr ob2 h8§8 jak v kosti t
vkorti k§lmeémkoelt ac itadzo§ckh Bedimhebun Dl nTch jednot k
kosti(BMU-basi ¢ mul ticelclykll airs ®2miotg8ll @2 0cddlaldog&no

se kagdorol n®d nmkli omy 2r 8model alnzch jednote
aktivn2ch .Lyikl Usmirleimondel ace sphdb?2 M ux2pht if ¢

aktivace,re sor pce, reverze, formace a ukon|l en2z (K
Aktivace

Pr vn?2 f8ze remodel ace kosti Zzahrnuje .det ekc
Signg8§lem m$Yym®bmeéchani ck® nam8§hg§n2 kosti, kt
pogkozen? nebo pTsoben? h o r mpanathormpru)a ma$ . est

osteocyty, kt er ®S3 m@®m Kk oknotsatk tlue nsuj 2 ARtivace k b u K lo a ®ih .0

povrchu kosti je apytoyt Slktdd&n® Stevsdip gasnndej ¢ § pajp2
se na receptor akt i vuBRANKL-reaekor aetyatondfnu€lemrk t or k
factorkappaBligand), k't er T irecéep@renaglutjiemmspkce§rn2 faktor
B (RANK) na prekurzorechoste o k| ast Tn8kt eld®I@gsreencuj 2 v mnoh
osteoklasty. Exprese faktorus t i mul uj 2 ¢c2 ho k oCS&)voseoblasteklr of §g T
rovnRNg podporuje dibsteakiast T.prOsuéabdbugsty
chemokinT, Kkt er ® raekktuirvzuojr2y osteokkeasal DpratmangBiyc
degraduj?2 nemineralizovanl osteoidsteokKhabsul
(Barnsley et al., 2021).
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Resorpce

Osteoklasty z-od pov2 daj 2 z a kuonsptun 22 rveosd@ rkpock@seypR®o tj 0 n
t voSkawyboanduylddo§ zr es or p| ntavhkowsbigbw®?ldkuny, kde
rozpougtnhRj2 K8stednhmi herBbstn2 matrix bohat §
prote§zkmi je kysel 8 fosf ag&zgubai8z k,atleplsagensgany
Resonp| f8ze e wukon|l ena programovanou bunnl
zajigSuje, ¢ge nedoc hk®gi{Kerkre et al.gd2008;Barmsleyeead,or p C i
2021).

Reverzn2 f 8ze

Rever zn?rebfodlzie f zmd 2n\&r aotsit eo k| ast i cpkSoeu rvi§yrga l
pSiblignnNn 4 ag 5 tidnTzadpeviRdh®nean®m2dds e
osteoklastick® a osteobl a8 st eidilelaaek Doi vm2t syt p o .
resorbovan® kosti nasedaj? osteolkdnaesetay, a pSi
2018; Barnsley et al.,2021).

F8ze tvorby

F§ze tvorby trvg pSiblignn 4 mhNs2ce. Osteobl
bohatounak ol agen typu 1 a pod2?lej?2 se na regul ac
je dokpnkdmpseoidppst upnD minerali zov8§n zabudov§8r
Na konci tvor by kaogs tli5 j% zprSailbllobkippeis hdeba b | ast T
kost n2z mat cujesevasteddyty. Osteeayty hr aj 2 kil 2| ovou r ol i

konce remodel ace. oVstleloicd w®ne xptr akvhuejr 4 Dk I8
signalizaci WNT v osteoblastech (Kenkre et al., 2018; Barnsley et al., 2021).

Terminace

Remodel aln2 cyklus kon|l 2k®®1l i o¥addshdsnguoBgl| &r
obnov?2 klidowlj pov dch. Bahmsey étal., 2021).
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Signals for osteoclastogenesis and 1
osteoblastogenesis

1 |
Active
osteoblasts

Active ' . .
osteoclasts ’

L osteotd
a9 Mineralized
e aia T A bone
il ine %

ent

g

%\
a
£
;

Osteocyte apoptosis

Resting bone 1. Activation 2. Resorption 3. Reversal 4. Formation 5. Termination

Obr . 1: Zrengodetacekd3tn(Renkre et al., 2018)

26 Regul ace kostn?2 remodel ace

Met abol i smus kostn? tk&8nhD je regulov8§n mnoha

261 Syst ®mov8 regul ace
2611 Hormony reguluj2c?2 hladinu v8pn2ku

Parathormon (PTH)

PTH je hormon syntetizovanl a vylulovanl p

nejdTl egitNjg2zm regul 8t orem homeost8zy v8pn?2

stimulac 2 kostn? resorpce, zvyguje rens8l nz t ub
produkci kalcitriolu. PTH mTge m2®| nmek oBTHKk :
na i ndukci tvorby osteoklastT je zprost Sedkc

i nhi bprese mRBIA osteoprotegerinu (OPG). N2 z k 8§ k o nP@H stimulugec i
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tvorbukosttanaopak pSi kontinu§8ln2 sekremsorporysokT c
kosti (Siddiqui et al., 2016; Hadjidakis et al., 2006).

Calcitriol ( 1,25(0OH)2 Vitamin D3)

KalcitiobnazT vanlT tak® 1,25Ddi bgdt nwEBhéjpvarsi t am

hydroxwylja&8d2r ech ahydrsdxeydmawi Ad&Kah ci tri ol je ne
zvigen2 stSevn?2 absonrpadsvEpoi kedwind ok mr u,
podporuje mineralizaci kost 2. KromhD toho mS§
aktivac? ostyao ®lzes tkoinhibige nw st eo k| asTvorlkak ® ak't
kal citriol uPTHez § wigall ®wt8inana Kk oknic\eintt a micn [ Srpenr
esenci 8l nzm prvkem potravy a mTge se VvVytyv§E:
sl unel n2 ha 7-deBySrechotesterolu. Nedostatek vitaminu D zp Tsobuj e

patologickou mineralizaci kosttavedekonemoc,k DPet ® se u dRt2 nazl
u dospRlITch osteomal acifehe $ueon Benerah, P004). 2020; O

Kalcitonin (CT)

Kal ci tonin (CT) j e hor mon o] 32 ami noky s
parafol i(RblUBRKkaptntit n®Kall giztyonin m§ opal nl Yl i
Kalcitonin wpP&e nBl oglecswatpcio sptS?onk@na g igdidut i v a c 2
vEpn2&@r w meneagr kom tresdtpce, aleizvigen2m pS2j mu v
tr 8vwakttrm Nadbyt ek nebo nedostatek kalcitonin
probl ®my s udrgen?2m koncent r2koesKeegq.020;u v Kkr
Office of the Surgeon General, 2004; Siddiqui et al., 2016).

2612 Pohl avn2 hor mony

Gensk® a pmhdsak®2 hormony jsou vel mi dTl egi t
udr govs8&§n2 kostn2 hmoty a pevnosti kost 2.
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https://cs.wikipedia.org/wiki/Hydroxylace
https://cs.wikipedia.org/wiki/Ledvina
https://www.wikiskripta.eu/w/7-dehydrocholesterol

Estrogeny

Jsou identiyfpiy& o v 8 ageejhzIn § mNj g2 al 7rbstiadiel (E2h n Nj ¢ 2
syntetizovanl ve vajeln2c?2eBtodnpuUBeYtprdaou
bNRhem menopauzy, estriol (E3) wuvol Rovanl bnh|
( E4) synteti zovkEsmogenyjj®u f gdrmp2lmmdems hl avn2ch ho

]

egul 8torT kostn2ho metabolismu u g¢gen i mu ¢
harakterizov8§na zvigenou osteoklastickou re
osti, cog vede k Yepktek A018)k o Bstragény mhinod by ?

rost Sednictv2m dvou receptor T, estrogenov®l

c
k
p
pSi| eeegtor ERU je dTlegitnRj g2 pro r.eEgtiodemyc i kos
osl abuj? osteokl astogenezi a SsifgmpuPujrzeaépo
progenitorovlch bunDbDKk osteokl astTalktai vVRARNKIL ,
osteokl astT. Kromlimohaj estprodgemyr aci osteo
apopt - zu. Bylo tak® prok8z8no, ge estrogen
podporuj2c2ch obno-%ulL-6kTNEFtI2 -CBWF| ed nPr ddt agl an

(Hadjidakis et al., 2006; Siddiqui et al., 2016; Noirrit-Esclassan et al., 2021).

Androgeny

Androgeny jsou nezbytn® pro rTst a udrgov§gn?

androgenn? receptor, kterT je pS2tomen ve vy
al ., 2006). Nedostatek androgenT vede u mugT
kost n 2 hmoty. Url itg8 | 8st Yabytikn?2 kersduw?2 hlhandit

estrogenT vznika j 2 ck2oonhv destasteronu pr ost Sedni ctv2m enzymu
tukovich . VaRksgecuht el nost i ma j 2 starg2chmugi
estrogenTned ¢geny po menopauze (Offi ckedavdétalt he Sul
20200 . NejnovDhDjg?2 dTkazy naznaluj?2, ge androgeée
osteokl astT a plesolreméd m oksotseto’b| asty/ osteocyt
RANKL/RANK/OPG (Kenkre et al., 2018).
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2613 Hor mony gt2tn® gl 8zy

Osa hypotalamus-hy po fgit2a n§8 ¢l 8za hraje dTJlegitou roc

fet8l n2ho obdob?, po dobu model ades phDIlddl4 tsit .\
Hor mony gt2tn® gl 8zy sti Mylrejot oxekorzpcij ei pt
pS2|linou sekund§rn2 osteopor-zy a je spojena
kosti, tak se zvligenou osteoklastickou reso

obratu S narugenlim cyklem tvormymukopt 0 ¢ e scuc
upSednost Ruj2c2mu rychlou resorpci, maj 2 c?2

remodel al n?2 cykl us (Kenkr e et &Naproti tonfu0 1 8 ; R
nedostatek hormonT ¢gt2tn® gl 8zy vede k prodl
kost n2 m dKenmke etalm2018).

2.6.1.4 Glukokortikoidy

Glukokortikoidy mohou ovlivRovawv]l § gkad sotl mo2gi c |
resorpce a sn2gen2m kostn? formace. Gl ukoko
osteoblastT a zvyguNaopekiehyagpjodPptogteokl ast
sn2gen2m exprese OPG a zvigen2m exprese RANK
RANK v osteoklastech. Dl ouhodob8 | ® ba gl uk
mi ner 81 u a mTge v®st k ruokzovvoaj ni ®  gol sut keookpoorr
Glukokortikoidy nav?2c negativnhD regul uj? S €
sekrece gonadotropinT a v koneln®m dTsl edku
negativn?2 biladdientviiepvnn?kealBpoe pa =Aviiéred o
vyl ul ov8§n2 mol|l 2?2 (Kenkre et al., 2018; Siddig

2615RTstovl hormoh?2 AGHp ordJoshtmobv T f alkt or | (| GF

RTstovli hormon (GH) o el 9ile pa midrootkvyoseel nifmospcShe d n

lalokemhypoflJiezdyn 8 se o dTlegitl regul 8tor rTstu
majnlarugenl | ornTgstt uldo :1t84 n2Supl ementace GH u ¢
nedostatkem m8 pozitivn?2 Y% inky na skelet, v
obratu. GH spolauzesrel msvdrmot e istimelue p(ol@diBiP )
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osteoblastT a produkci kol agenu buN pS2mo
a/nebo nepS2mo stimulac? jlateaneban®kospeonei
(IGFBP) (Siddiqui et al., 2016; Office of the Surgeon General, 2004).

| nzul 2prodablrsit ovi f aKtjopollypeép@raboli ckl hort
obsahuj2c2 70 aminoleygyelEBwall kv@m zrbnjagksftev?h v
kde je jeho synt®za z§wi wulvd | Ra vighK aluk@ro Dhair. n
dochg8o»%8&lnnN v jinTch tk&8n2ch, zejm®na v kost
hormonu. Produkci IGF-lvost eobl astech stimuluje tak® PTF
estrogeny, naopak glukokbobmje¢kkdidyoypTsobd? Ve
aspektech vivoje skel potporougprolifemeepodiferenciaceea k 0 s t 2
funkcec hondrocyt T, ocs te®dlieet dl.fRT721;affice of the Surgeon
General, 2004). +jre mBdmGov&8mkckodtGF2 hmoty a
b Rem remodelace (Siddiqui etal., 2016). St udi e pot wvipdizliy, vhdd IkGF e
skostn?2 dewziktrooww pacientT s osteopor:-zou | e
2021) . U mygzlbwy ®asemj en®Fs poklesemopol tu
schopnost2 t vor by kost?2 (SaVpbedeptubait §l n20M5p bdo
l ongitudin8l n2 r Tst k o s thtnotyaV ozs?tseko8bnl 2a smaxihm§pl T
IGF-Ist i mul al nRD na moJv gtematbyikalagekuotypt fasynt ®z o u
osteoprotegerinu. Pr avdNDpoddpoBPDupe t ak® bDsteobtatach aRANKL
t2m stimuluje osteokl astogenezi (Uel and 2005

262 Lok8I n2 regul ace
26.21 Si gns8l n?2 dr 8ha RANKL/ RANK/ OPG

|l denti fi kace sign8l n?2 dr 8hy RANKL/ RANK/ OPG
z8sadn? ppr oTcl hoonp e \n 2 regul ace osteokl astogene:
(Kenkre et al., 2018).

Osteoblastick® fkioRlsy i mulodjukai ko k OM-G5R-i e ma k
makrophage colony stimulating factor) a li gand v 8zaj 2 c? se na r e
nukl e 8 rrka&ppaB éRIANK®L- receptor activator of nuclear factor kappa B ligand),

kter® se v8gou na receptory na prekurzorech
di ferenci aci a zvyguj? aktivitu osteoklastT.
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nekrotizuj2c2ho faktoru (TNF) , -relatedactivatom-anl t a
induced cytokine) nebo osteoprotegerin ligand (OPGL). RANKL interaguje s
receptorem na prekur zor ec freceporiaeka ki Ivaug t2Tc 2z waurkll
faktor kappa B). Int er akc e RANKL/ RANK vede k aktiva
hematopoeticklich bunhDk linie osteoklastT, K t
toho tak® prodluguje pSediefichdEmaeptoszye.okdlaist Ky p
j sou bl okov8ny 06 OPGpTr otseegkerreilmeem di mer n2 m
pat S2c2m do rodiny receptorT TNF s molekul ov
antagonista pro RANKL a je produkovgn pSede\v
mTge blt produkov8&n i jimd nmmawazR&m2mi ORG kmoa t R/
zablokuje schopnost tohotOPGigeaquluujv& zlos tsme?
t2m, ¢ge inhibuje konelnou diferenciaci a akt
Sn2gen8 produkce OPG ZzZKeidke ethlyJ0E; Hadjidalas@@6).r - z u
Parathormon, interleukin-11, prostaglandin E2 (PGE2) a 1,25-di hydr oxyvi t a m?
zvygeupresi RANKL na povr chu oisntdeucklklfasvti T,u a st 2m k
(Lee et al., 2020PG jPo mDF! eRIANKLMNZ egmb& Yy omae
integrity skeletu (Balogh et al., 2018).

Pre-fusion Multinucleated osteoclast
Macrophage osteoclast _‘L

i} o RANK . 3 p

Activated osteoclast
RANKL \
- J;{ }\
N

Osteocyte

Bone formation Bone resorption

Obr.] 22Si gng&l n2z dr §ha RARNHYeRaANK2Z)OPG (
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2622 Kostn2 morfogenetick® proteiny (BMPs)

Kostn? mor f ogenet i c-Bd®be morpbogematia yproteiGsk MIds

sekretovan@obkéeloByn2pat S2c? do nadr odi ny r
(transforming growth factor-b )U | i d2 byl o identifikov8no v2c
rTznou fpunfkdldihuv procesT embryogeneze, kostn
neurogeneze (Bragdon et al 2011). BMPsj sou syntetizov8ny | ako
pol ypeptidy e2@mSiabmiinprkly s£00 ng§ch, kter® obsa

svich &wmneéch a zral ® polypeptidy snsau karbo

homodi mery o velikostd.i 3poadgbnd® dlaveanwoag.ecMo
BMPsobsahuj?2 sedm cysteinT, z nichg gest tvo!
ZbTvaj2c2 sedml cysteinovl zbytek se mod2] 2

prost Sednictv2m kovalentn?2 digs clkfyi dacku® vwna z bdy
ligand pro aktivaci receptoru BMPs (Katagiri et al., 2016; Chen et al., 2004). BMPs

Yol T nkuj 2 prostSednictv2-tnhr ebwawmoviteylp T Kk isnet
transmembr §novich r ec e fReaptol typu tAeaciR) @mttypu IT t y p u
Nav§ z8n2m BMP na receptor typu |1 dojde k fos
typu I . Po nav8z8n2 BMP na receptor typu | d
Smadl/ Smad5/ Smad 8, kter® spolu se Smad4 vyt
pSesouvdsr adob uyyRSky, kde navozuj dKatagirietrals ROA6 pci ¢ 2
Wang et al 2014). Popr v® byl a splotpis8iptad eBMBRND 60. | et

stolet 2, kdy byla zjigthbDna jejich sch®pnost
zauj 2maj? kl 2] ovou rol i pSi di ferenciaci n
osteobl astickou l isnpod2IMgw¥2cnaseenBEMPNndr 81 n

chondrogenezi. Byl o zj i gt P2ne4, -5 g6ea -BMhbaj 2 sil nou ost
schopnostajejichsignalizace je nezbytn8 pro remodel aci Kk
prostSednictv2m akt i VAsadBeSiddigucet . t2016; Taddnsid t y p u
et al., 2020). BMP-2 , enormni) zvyguje expresi osteokal
BMP-2 j e dost at evbrioy&ostk Ztirm8duaR cBMA?4 vedl a k z8vagr

narugen2 osteogeneze (Siddiqui et al ., 2016)
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2.6.2.3 Sklerostin

~

Skl er ost igikop eotmmild expri movanl genem SOST v
zn8m jako negativn?2 regul 8tor tvorby Kkosti

antagoni sta BMP, nyn2 je studovg&n pSedevg?2m
Wnt . Signalizace RMnt dFBleegu k 8z arl eagujlal| n?2 dr 8§l
di ferenci aci mezenchym8l n2ch kmenovlich bunt
podporuje tvorbu kosti, zat?2?mco inaktivace t

(Kim et al,, 2013). Nav8z8n2m sikd es o ®t irmu e ptoo/rryc hu bun
ost eobsleasstpidssti2edng8 kask8&8da intracelul 8rn2 si
YWl inkem je inhibice osteoblastick® tvorby koc
inhibuj?2 sklerostin, stimuluj,?2 p%iolrdmg kdbmsah §

virazn®mu zvIigen2 BMD. Produkci skl erostin
mechani ck§ z8tNg, estrogen a cytokiny vl et
skl erostinu zvyguje kal ci t-kstraret a(, 2014y Wang Kk i 2 C
et al., 2021).

27 Mar kery kostn?2ho obratu

Markery kostn2ho obratu umogRuj 2 hodnotit r
koncentrace Vv Kkrvi alnebo moli ,mSioldermgyy2s amt
nemaj 2 ¢g8dnou kontrol nkRo anterb2om r reg(asteldetrail,s hw n k ¢
2017; Vasikaran et al., 2011).1 de 81 n2 kostn? marker je specif
jeho anallzu je k dispozici pSesn§ a precizn
VKl inick®@|l pgvaxi ijneiiokveen?2 kkeo seth& ch mar ker T mo
| ®| by. Mo h ou bTt n&pomocn® vzhikau kzl®merpnSspoluh o d n o ¢
smNDSen2m hodnoty BMD a zhodnocen?2m dal g2ch
(Vasikaran, 2008). Ro z | i ¢ markergn rovotvorby kosti reflektu j 2 ¢ 2 enzymat i
aktivtuost eoblsgat ®za b2l kovin kostn? matrix a ma
refl ektuj?2 enzymatickou aktivitu os(dl@gk| ast T
etal,2014). Vi hodou kostn2ch mar&kesmMadrel jedhbRrm e

nevlihodou je biologick8 a cirkadi nn2 variab
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271 Mar kery kostn?2 formace

2711 Kostn?2 alkalick8 fosfatg§za (BALP)

Kostn?2 alkalick8 fosfat8za (BALP) je jednzm

mar ker T tvorby kosti. Je hipdinaplakiotviSmm@alD olsd r®
m2rou tvorby kosti mNSenou histomorfometricl
variabil i tu a nen?2 ovlivnRna pS$2jmem potravy an

RozI|ligujeme 4 i zoenzymyisalSkeavlni2c k & nfborsyfoant§8 zny? ,
a tk8RovhD nespecifick® (kostn2?2, 6 Kgsttrez ni2z ame n 2\
jekk ] ovl pSi mineralizaci osteoidu. U zdravlic
kter® tvoS2 pSiblignn 90 % dFeglzkowd®gAERyYy ( Bv 3
hodnoty nal ®z &lalescenci. d Dt 2 a v

2.7.1.2 Osteokalcin (OC)

Osteokalcin (O€yene2 mat ét miexk®l po kol agenu hl
kostn? matyniteti devanlajehot esoyorita®zay je -sti mul
dihydroxyvitamwem D. PSed uvolnhRn2m do eQGgamael ul §r
kar boxbyDhaecrA kt er ®gama-k Ak ybexyglaut amovg v8&ge v p
a 24. Na t®to relkecibosxgl|l ppd2lk2? jgamanakag pS2t
Proces karboxylace vede ke konformaln?2 zmBDn?Dh
S hydroxyapatitem a minezdd3d®a®i skoséen?zamad
osteokalcinu se dostane do ovwkldhsut n@ Bfaittre ke .

nedostatku vitam2znu K s e t voS$? nefunk]| n-:
Nekarboxyl ovanl osteokal cin pSedstavuj e 1/
resorpce , kdy dochg8z2 k destrukci kostn?2 matri x
v8z8n na kost, do cirkul ace. OC m§& v cirkul

degradovsg8§n n.aOCfm8 gmaingay mol ekulu a snadno
glomerulem,zt ohotwmd wW Trvost e jeho pl azmat i crke8n 8lonn2c e n
i nsuf i(Haingata.?2014; Moser at al., 2019).

28



2713 N-t ermi n8l n2 propeptid pr oktodrangiem&l n2ypu |
propeptid prokolagenu typu I (PICP)

Propeptidy prokolagenu typulvzni kaj 2 pSi synt ®ze kol agenu
organi ck® kkoadgentypuimaet roidw.ozen od sv®ho prekur z
kt ersilynteeti zov8n osteobl asty. Mo | -eakkardoxy- pr ok o
terming§l ng Xadlkao®l ¢ s2otur pg & NDpaaFrhatickp dst ranhna

l2mg vzni k8 kol\igselnedtkyepru t ohot o étommeonv2®hpe

propeptidu prokolagenu typu | (PINP)aC-k oncov®ho propeptidu pr ok
docirkulace (PICP).VT s 1 ednT kol hgéwhDina SeoBeai Ul a j e
U2 a tvoS2 tAw.hledeml & helmux. ge mol ekuly

produkov8§ny v ekvimol 8rn2zm nypwlgstze o] enb§e&u
jejich koncentrace v cirk®Pl€®Pi jedgggoduld gcmPRo
s molekulovou hmotnost ? 100 kbDa, kterl o0bse
di sulfidick® mTstky. PI NP j e meng? pal ypept
obsahujepouzei ntr aSet Dzcov® ¢Hiamgetal,20d4).c kFRI NP sm& yv e |
nz2zkou cirkadi 8nn2 a biologickou variabilitu
vel mi s tt ahioltm2 .dTAZ odu byl oznalen za nejslib
referenln? marker tvorby kost?2pmuoocstteoppor z:
(IOF) a Mezin8rodn? federac? klinick® chemie
N§8§rodn?2 alianc? pro zdrav?2 kost?z (NBHA) v US

N-Protease C-Protease

Non-helical telopeptides

v oy

Triple helix

N-Propeptide C-Propeptide

Obr. | . 3: Vznik kolagenu typu | z prokolagenu (Vasikaran, 2008)
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272 Mar ker y rdsmped n 2

2721 Nt ermin8l n2 telopeptidalkColeagnem@lIlnypu el ofp
kolagenu typu | (CTX -I)

VDt gina mar ker T kostn? resorpce j sou degr i
Nej poug? v aichljg$og Rarhoxy azamino telopeptidy kolagenu typu | (NTX a

CTX), kter® se uvol Ruj2 do obhRhu bRhEW kostn
a NTX se uvol Ruj2 do cirkwlraden §JIni2v eénme | kogtetpe d
I (I CTP) Yol i nkemNTnéetial €pXotsei nv8yzl.ul uj 2 mo | 2
24hodinovich vzorc2ch mol i, v rann2ch vzorc?
vzorku je rozhoduj 2c? vzhledem k virazn® c;
viraznhjg2. PSedchoz?2 pr&ce uk8zaly, ge hle
variaci. Prooptm8 1 n2 Kkl ini ck®nuiyn@i oehiciegklnakdyno
(Hlaing et al., 2014). CTX-I je povagovs8n za referen]|nz n
potvrzenl Mezin8rodn? federac? kKl inick® che
schvsg8§len N8§roddfawati kast?2 p(NBHA) v USA (Gil/l

2722 Kostn?2 sialoprotein

Kostn?2 sialoprotein (BSP) je fosforylovanl
Vyskytuje se pouze v mineralizovanlTch tkgn2c
pr oduk ov §lasty, mdohtebladty a osteoklasty. Funkce BSP st 8l e ne
obj asnPBreadpokl| §d§ seepodfd 2BRIR regul aci tvorb
v kostech a zubech a stimuluek o st n2 r esor pci zpr osMaSdad k ov an
et al., 2013; Hlaing et al., 2014).

2.7.2.3 Kathepsin K

Katepsiny patS2 do rodiny cysteinovich prote
Zej m®na katepsin K je exprimovs8§n aktivnD res

roli v kostn? resorpci. Osteoklastykmzal ul uj 2
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| el em degradace proteinT kostn? matrix vl e
osteonektinu (Shetty et al, 2016; Hlaing et al., 2014).

2724 Tartar 8t rezistentn?2 kysel 8 fosfatg8§za (T

Tar trregti st ent n?2 kysel 8§ fosfat 8§za ( UPIRYA P ) p
| ysozom8| n?2 cdrkulachszey nvly.s kW t u JTRAP.dTRAPS5af ad RARSD.
TRAP5a nach8zej2c2 se v aktiv®Wasileghn § mg karkoo
TRAP5b, odliguje se vpaodk (aqRAIPBDHI, n2zm §p§. t aRARP
je jedm2yimTz pemdukovanlch ost eok]lavsytug 2bviBh esme |
jako ukazatelj e j i cula akpivity (Hlaing et al., 2014).

2.7.2.5 Hydroxyprolin (OHP)

Hydroxyprolin je produktem degradace kolagenu. J e d n § ami@okyselinu, kter§
vzni k8 poshydmonxylad iNd obpahuwdminokyselin v kolagenu se
pod2 | 2-14&sai jledho pS2tomnost zvyguje elasticit

Vyskytuesei v jinTch tk&n2ch obsahuj2c2ch kol age
KTg¥. kreobhPmubujNe ve voln® formh (90 %), neb
peptidy. VDt gina voln®ho hydroxyprolinu je
Hydroxyprolin v moli, hi syykarovattkB| amaer¢kiero dk o st
jeho viznamem§ylla§skpis odiHRese vst Spordw &Nt gi na

OHPse metabolizuje v j8trech (HlIlaing et al .,

2.7.2.6 Pyridinolin (PYD) a deoxypyridinolin (DPD)

Pyridinolin (PYD) a deoxypyridinolin (DPD) mec hani cky stabilizuj?2 m
zes2Somé&mniz2 mj ednot |l i vl mi,tzk ordsslmles.iZardiemiPYDpsewp t i d vy

kromhD kost?2 | chrupavky a ¢l ac kogtechdderinuse nal
a jde o specifickl produkt kol ayRaDPDjoupu | p

vyl ul ovi8snyvenovol n® (40 %) a (GD).tStdowlN endzdme
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proveksrnviv i moli, je vgak pot Sebmaximemh!| edni
vyl ul ov § n 2Shaitbetd., 2016; tilairfg et al., 2014).
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3.0steopoar -naSen? kostn2 miner §l n?

Osteoporozmal uj e me progreduj 2c? syst ®mov®

charakterizovan® Ybytkem kostn? hmoty a po

zvigen2zm kSehkosti kost?2 S navazuj ?2iceckm® ri z
onemocnin? zTst 8v§ | asto dl ouho nedi agn
pS2znbke® obvykle ag zIlomenina. Ke zl omenin

Y%burazu nebo ug pSiTymac®T miEt Bgt epstotickl mi
zl omeniny obratl T, dist&§8ln2ho pSeGhhethlt 2 a p]
2022) . Zl omeniny v dTsledku osteopor - -zy jsou
starg2ch lid2z (Compston et al., 2019).

Vsoul asn® adjaddN di agnostickl postup vygaduj e
mi ner 8l u ( BMD) pomoc? dvouenergiov® rentagen
metoda vyug2vs§ slab® rentgenov® z8§8§Sen2 o dv
pohl cov&BMDkest dbvykle mNRS2 v oblasti bedern
mNSen2 jsou bedern2 obratle L1, L2 a L3, re
femuru a vyjadSuj e mnopjlsadurr® kporsatjne2khcoi nai nnael ryszl o
skeletu v g/cm?2. Sv Dt ad8 avotni ck8& or grace i1994 defnovdlavVH O) v
osteopor-zu jako hodnotu BMD o 2,5 smBDrodat
prTmNRrnou maxi m§l n2 hodnot esuk -Brib SQ). Hadtataa v T ¢ h
Tsk-re -2deazli, 0 j e def i nempe@en(@hinjetaak, 2022).st d Dt 2 |

ml adi stvich a u osob starg2ch 70 let j-e vhod
sk-re ud8vaj?2c?2 polet standardn2ch odchyl ek
kategori e, pohl av? a et NankikaSen®i nhkood n@t y a IB.MD

povagovs8ny za silnl nez8vislT prediktor rizi

Vzhl edem ke st8rnut?2 populace a prodluguj2c?

z8§vagnl celosvhDtovl zdravotn? probe,®mge V
osteopor-zou trp2 v2ce neg 200 milionT 1id2.
nadace pro osteopor-zu (I nternational Osteop

kagd® tSet? ¢geny starg? 50 let a u kagd®ho
(S°zen et al ., 2Z0plT7s)o. b uQ set, GoophonrNizoan T z | omeni n
svpDthND a vede ke zhorgen? fyzick®ho I psychic
pr TmRDrn® d®l ce ¢givot a. NapS2klad ve Spojen®n
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300000 pacoemedpsroti ckIl mi zl omeninami, cog |

na zdravotn? p®| i . V. roce 2000 si osteopor
n8klady na zdravotn? p®| i v odhadovan® vIigi
pSedpok| §dg& 282 Tmiliardy |iber (Barnsley et

s n2 spojenlich n8sledkT je nezbytn§ nejen p

snz2gen2 ekonomick® z8tNDge syst®mu zdravot n?

Pri m8§rn2 ojs¢ emgjolragtalj g2 froorzmw@®y 20 nseemdcerzNrz2S,e t
a dnl =2 s e n a dva typy. . typ osteopor - z
nedostatkem estrogenif,geh®mu dodh8&m? §kEn?2 kos
osteopor-zy (tzv. s ensn2nie n @& ttavScercEk®slinufe\vo®& hika g
obnN pohmarnvi2f est ac? obvykl e po 65. roce vk
osteoporzpZdZaopena komor bi dn?2 mi onemocniDn?2 mi i
1999; Tu et al., 2018).

Osteopor-za je povagovs§na za komtpl exdiz| emug tj
patogeneze z8vis2 na pS2tomnost.i endogenn?2ch
vychyl uj? fyziol ogick@hytrkeunokes$ aan? EBm&trgm K
faktory se Sad?2 fyzick8§8 inaktivitg] wmedobsha
ug2veén2 alkoholu a kouSemid,nn§e manlk@n@alal 2w e
zl omeniny a ug2v8§n2 vybran® qGiagtiah 2022).®k u v |
Prevalence osteopor-zy a osteopenjie wysgdk&h
V2Zce neg 50 % paci entHhpdnetu BV (Ko et pl.s2020). Inefosh 2 z k o u
zlomeninud Nt skTch pacientT s epilepsi? |jdKo2x ag
etal,2020).Sy st emat i c knie tpaSaenhallefldzaa 22 studi 2 prok§z
jespojenos86% zvigen2m rizika z|l ome%ianvivge mkmmkioz
zl omeni n (Bakngldyl et al., 2021). PS2 ] i ny neg8douc?2ch Ya
pravdDpodobnnD multifaktori 88l n2. V budoucnu |
kter® tyt2o NleigRldyuanti epil eptik zpTsobuj?2 a

prevence a | ®| by.
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4. Epilepsie

Epilepsie je jedn2m z nejl astDj g2 cpostibdper oni c k
v2ce neg 70 milionT Iid2 na cel®m svDtD (T
charakterizovsg8no opakovanl mi Z & c Inw gstuy mo z |
zpTsolm&bwar ever s«aibmiolr m3 | 2mrPo ztk w v kc, kide& se klinickyy
projevuje do|l asnou mahky,y Ddolm2n2 mg hdv §abé citlivosti.
Projevy epilepticklch z8chvmoRHoy soa Izin@i hNp $

pS2padu i u tZ&hcod apaycibdrnvtag.2 obvykle kr§tk®,
nNDkolik m8lo minut a mohou blt n§8sledov§gny
projevuje ospalost?2, Ynavou, zmat en osSt22z nnaekbyo.
OnemocnhNn2 | asto pSetrv&8§vg mnoho | et nebo de

celogivotn2 -B®hhagé Sehulate, 2020 ; L®& Yoty kK € z €|
epilepsii (AED)j sou hl avn2 formou DPRPsby VgaRspsEpale
jako | ® prvn2 volby tak® u Sady neepileptic
spektra a chronicklch bolestivich stavT. Pou

| ®ky na epilepsii (Reimers, 2014).

AEDI ze rozdRIl it dookdovsopue kkt ar t§8e gaoGvir2k: kb sgpNER, k t B §

jak n8zevIi®dpoydiadadDkou ¢gka8ljus otuy pdTo bzr Socuh vpaot| T8 t e
zej m®na pokud je kl asi f iMez tae ABDyppaut S2 § cnh vimeot uj |
|l evetiracet am, l amotrigin, zoni sami d, topir
perampanel, klobazam a rufinamid. AEDs Y%z kT m spektrem jsou pr.i
| ® bN fok8&8l n2ch nebo parci8ln2ch z8chvatT.
gabapentin, karbamazepin, oxkarbazepin, ezogabin, fenytoin a vigabatrin (Subbarao

et al., 2022).

Chronick® pod8§vsgn2 a@tbBpepepepkieevate Rpou

zabraRuje rozvoji epileptick®ho zEBrihtv@rtiva M
mNDlI o spl Rovat takzvan® Aide8ln2 antiepilepti
ide8l n2ch fakmakokinetickTch a farmakodyn:
Aide8l n2hoii | ®u, viborn® % innosti na co ne,
a pokud mogno Anul ov®mid potenci §lu pTsobit n
V soulasnosti jin8 a neexistuje antiepilept:i

Yal i nky ( KWwbRd ba0 )t .mggieegati kit do al av kvo®stt2
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kzvl geni®@mal omenin. (Koo et al., 2020). Odhad
maj-3xv2ygg?2 riziko zlomenin kost2 ve srovngn?
Neg8douc?2 %l inky antiepileptik navé@ ttechv?2 kos
20. saoddt® dablyk gSf@ukdzujt§ e paci enDijsouug?2 vaj
vystaveni zvigen®mu rizikkosmevhbohNDck®Ro wvnk
obratu,s n2 gen2 mBIMD,v kv &k O b Ovcykgogk?t mMuzlomenin a rkzuvoji

0st e o p(@uo-etal, 2020; Verrotti et al., 2010).

Tradi IDn2 vAEtnnD fenobarbitalu, primidonu, fer
enzymy biotransformace (cytochromoxidgzovl

Nej pravdRDpodobnDDj g?@anaktmeeccen ah NDsmé m @ zkg mT vV e
zvigen®mu jatern2-muydkaxwpbiol asmmou 2B, cog m§ z

hypokal c @nvileg e n 2 hl adiny parathor monu (
hyperparatyroidizmus s e zvigen2zm kostn?2 resorbDmd & 2 a ¢
mechanismus n a r u gkeons?t n 2 mi nerali zace mT g e pS2 mo

“wWinkem nhDPbthakdshn?2AEmi nerNslknt2e rd®e nsztiutdui € nazn
val prem§ty miohibitor CYP-450, je spojen s poklesemBMD a ¥%byt kem ko
hmoty (Koo et al.,2020; G° z ¢ kekak,2022). AED" nov Dj g2 mgeemTesraabcze "j a k
enzymov® i nduk®bgwgake h? bij aem, nexwWldj g®E gener a
kter® byly zavedeny do praxe v posledn2ch d
l amotriginu, t opi r ab@®@pinu,, levetiracatagma bai zonisamidg x k a r

nepS$2znivhN ovlivRuj?2 zdrav?2 kost?2 (Hakami et

U pacientT s epi IR mxin2  Ir&lté minddh vAHKHadov §n
bi ochemickTch marker T kosthiadnp2s-hyhir @atxy,vi ma e
D, vEpn2 kuBMDfao®fj&atku, gad&j en2,m tla® by bhDhem j
moni t o r(RAms&leH et al.,2020). St udi e uk8zal a, ge pouze

neurol @8T %a neurol ogT pro dosphDI ® rutinnhD h
sepi |l epsi 2 HD{Koetalj, 20203. 8lhe ddov Bobht ochemi ckTch mar
u pacient Thy mephlepsie zvdpgemdcm@I ek vEt n2 ter .

jako prevence pogkozen? Kkostn2ho zdrav?

Ri zi ko kostsmp%¢lnikd@Bns&snPm]T @&£vy govat kntlokipTl i k f
vibR) pougi;B% d®&Vka | ® by; 4) polyterapie; 5
slunci . Zohl edniDn? t Dchto faktorT mTge pSe.
kostn2ch alterac?2 [DI(Snisalohceta. ,B02®). ug2vg§n2 AE
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Factors IMPLICATED IN AED-INDUCED BONE ALTERATION

Age | |Types of AED| | Dose of AED | | Duration of AED therapy| | Female gender| | Sun exposure

\\\ /

AED Therapy

[ Bone Alterations ]

Obr.| .:Faktoryov!| i vVRuj 2c2 rizi ko kug?2tw&®nczhm zAHIN spc
(Siniscalchi et al.,2020)

4.1 Zonisamid

Zoni samid (ZNS) | e derhbenziSoxazob3Enmethanssolfenamid) | u ( 1,
s jedinel nou che micchhen novos genevaki AED(Goel et pl.a2023 ;2
Kwan et al ., 2015). ZNS byl v EvrophD schvgle
z8chvatT u dosphRlTch s noviNedi pgh@®sEVkopRAnau
schvglen tak® jakochSz8ahng8tT®sbaséhkBUB?N?
bez n?2 (Romigi et al., 2015). ZNS se rychle
nast §8v® had2n a metabolismus prob?2bgympSedevqd
3A4 cytochromu P450 (CYP8AVYIl,ulpov Mgl eed@wsil ra
et al ., 2015) . Mechani smus Yl inku ZNS je |
mechani smT %%l inku zahrnuj2c?2 inhibici sod?2ko
typu T, sn2gen? synaptick® exczwlagenh ghri d :2:1t2Se
Ya| 1Tskkze kyselinugama-a mi nom8sel nou (Lee et al ., 2015;
tak® sl ablD mhDn2 metabol i s, sewofoniru a mtibyjé aktivim!| i n u ,
karboanhydr 8zy, [ kdyg nen?2 jhios tk®,i na c&k ® Wi|ad
(Kwan et al., 2015).
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4.2 Pregabalin a gabapentin

Pregabal in a gabapentin, souhrnniD gabapent
sl ouleniny, kter® |jsou kl asifikov8ny |Jako

( GABA) . Gabapentinove8gy jkou ®pSBdeeppiisloept i ck
neuropatick® bolesti, fibromyalggie, syndr or

Yuzkostn® porujsohyi raocteak@PSedepi sov §naabelj ako r

(Fernandez-Lopez et al ., 2020) . Gabapteat Dni ée mptrieq
farmakodynami ck® vlIastnosti. Ani j eden z t
receptorTm GABA, al kol i j sou chemicky podob
i nhi buj 2 neur ons8l n?2 signal iacniapW&phb®u Shae
v&pn?2kokvancgl T Y centr 8l n2zm nervov®m syst ®i

pravdDpodobnhD vysvDtluje jejich antikonvul zi

vl astnost.i (Mathieson et al., 2020). Pregaba
vykazuje | imesgrkn2nedbda p bi ol ogi ckou dostup
doporul en®m d8vkovac2m rozmez?2. Naapbrsootrip |tnozmu

kinetku-absor bovan8 frakce kles8 se zvyguj2c?2 s
pSedevg2m ren8l n2kn nv2yhlou |lo® S nvcam (iGQrteaenbl att et
2019).

4.3 Levetiracetam

Levetiracetam (LEV)ma jedn2 mzelmejilvansddt Njdv pSedep

antiepileptk s e gi rokTm spektrem % inku. Je@o®id-§ se o
pyrrolidinyl) but anami d) |l asto vyug2vanIim k | ® bn p
z8chvatT (Jarvie et al ., 2018) . LEV je atra

z8§chvatT d2ky svim pS2znivim-viai mak&k? neteira
bi ol ogick® deors8t umpenrolst z 8§viksl 8 na syst®mu cyt
kinetice, mi ni m8I| n?2 vazbnD na plazmatick® b?2
: 20
influx v&pn2ku do thwmhk,blpXkiuljeemgk asneSlle kt y pu N

koncentrace (Shetty, 2013; Peyr | et al

V&ge synaptickl vezikul 8rn2 protein (SV2A) a
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vyvol 8v8 neuroprotektivn2 Yl inky (Erbak et
dobSe sng§gen® (Koo et al., 2013).
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5,C2 ]l e disertaln2 pr8ce

C2lem disertaln? pr8ce bylo posouzen? vlivu
met abol i smus u hreaeWistah pot kanT

Speci¢ilc&®

1) Zjistit vIiiv orchidektomie.na kostn2 meta
a. Stanovit koncentr as ®r kotan ZotmegbnE mar ker T v
b. Pomoc2 dvouenergiov® rentgenov® absorpci

hustotu potkana.
c. Posoudit mecharkiosk @ 2 feriukPitkidas t i
d. Vyhodnocovg&§n2 BMD ve vybranlTch obl astect

t DI esn® stwakldok@nd)) .pot kana

2 Zjistit vliv nzaonishntidu, gabaperitire;,piedaeapnt,i k
levetiracetamu)na kostn2 metabolismus u potkanT.
a. Stanovit koncentracik o st n2 ¢c h gn@&m Kk ea 2Thomagens t. u
b. Pomoc2 dvouenergiov® rentgenov® absorpci

hustotu potkana.
c. Posoudit mecharkiosk @ 2 feriukPikidas t i
d. Vyhodnocovg&§n2 BMD ve vybranlcha OoOpbmBt ec!

t Dl esn® tukov® a svalov®) tk8&8nhD potkana.
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6.Experiment 81 nz2 | 8§st

6.1 Experiment 8l n2 zv?2Sat a

Potkani byli wustg8jeni v Centr8ln2zm vivgriu L
Kr 8l ovl®F (HIK) . Protokol experi mekomilsbyhasobhkeg
zv2Sat pr oltFiHK.tPISri§ nprokWiks ech byl i pougiti osmi
al bznT kmene Wistar (Bi otest s.r.o., Kon§gr

um2 stvkna kupin8§ch po 4 av cfhlam#®tne v b o d adkntkenéetkh h p o
(12 hodin svRtlo a 12 hodin tma-70t &pl otZa2Bal
mNDl a pS2stup k standardn?2 | aboratorn?2 dieth
republi ka) nebo SLBRaovbdRaaedn®i bit®m pt cel ou
Vpr TbDhu pokusu byla hmotnost potkanT sl edov

6.2 Antiepileptika
a. Zonisamid (Zonisamid, Eisai Ltd.)
b. Gabapentin (Gabapentin, Gedeon Richter Plc.)
c. Pregabalin (Pregabalin, Pfizer Manufacturing Deutschland GmbH)

d. Levetiracetam (Levetiracetam, UCB Pharma)

6.3 Experiment
Osmitidenn?2 potkani b y0 si k unp8i hno dpnold 8r ozzvd?2Ig aetne?c hd
SLD nebo SLD obob®tkaopok®kembyla 12 tTdnT.

1. Kontroln?2 skupina potkan2ch samcT kr mens§
2. Kontroln2 skupina potkan2ch samcT po prov
(ORX)
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3. Skupina potkan2ch samcT kr mengl98@2Zbgobohac
diety; Zonisamid, Eisai Ltd.) (SHAM+ZNS)

4. Skupina potkan2zch samcT po proveden® orch
obohacenou o zonisamid (19 mg/25 g dietylJ, Zonisamid, Eisai Ltd.)
(ORX+ZNS)

5. Skupina potkan2ch samcT kr men3828igR5gobohac
diety; Gabapentin, Gedeon Richter Plc.) (SHAM+GBP)

6. Skupina potkan2ch samcT po proveden® orch
obohacenou o gabapentin (28 mg/25 g diety; Gabapentin, Gedeon Richter
Plc.) (ORX+GBP)

7. Skupina potkan2ch samcT kr men§l2&b/Zbgobohac
diety; Pregabalin, Pfizer Manufacturing Deutschland GmbH) (SHAM+PGB)

8. Skupina potkan2ch samcT po pPgoSklbBen® orch
obohacenou o pregabalin (12 mg/25 g diety; Pregabalin, Pfizer Manufacturing
Deutschland GmbH) (ORX+PGB)

9. Skupina potkan2ch samcT krmen8 SLD obohac
mg/25 g diety; Levetiracetam, UCB Pharma) (SHAM+LEV)

10.Skupina potkan2phosameN® orchi dektomid. kK r
obohacenou o levetiracetam (101 mg/25 g diety; Levetiracetam, UCB Pharma)
(ORX+LEV)
6.4 Materi 8laa anallz

Na samotn®m zal 8tku experimentu byla pol ovi
orchidektomie v. ®t er o v @skupiaa GRXze PotkanTm ze skupi ny
provedenpouzeoper al n2 Sez na gour ku, kterT byl ns§
operaci speo dBavlaal ak ontrol nzm skupin8m pouze
potkanTm SLD bl®iohalPSempstuppa®B bybitum. D®I ka p
12 tTdnT. PodietyspbySabwypol2tg&na d§vka | ®
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hmotnosti potkana.zvPd&al2a tulsdnreccetm ab yoldae br §n2 m
V ®terov®zasnkan®zs ®ratm visynlaol opJSE o AC pr o n8sl e

bi ochemick® anallzy.

641 Kostn2 homogen§t

Po usmrcen2 potkanT byly femury vypreparovs
tk8n2, zabaleny do g8zy navl hlen® fyzi-ol ogic
80 AC do doby analTzy. Ko sftenmiurhuw.mo gle§nsstt dbiyalf T|
(0Olg)bylarozrugena a homogenizov&na pomoc2? pS2?s
Ni zozemsko). Do n8doby wur|len® pro homogeni za
nalil tekutlT dus2k a bylo pSidg&no 0,5 ml fos
republ i kadu.r uT kbR af ¢ ozmNDI Rovg&na pSi frekvenc
byl o ke wvzorku pSidgno dal g2 ch 1,5 mi fos
rozmNR|I Rovgn2 pSi 10 Hz po dobu 15 s. VzniklI]
pSi 10 000 g pSi a4 zRG kpan Td csbup elrn amiamt - byl o
80 AC. Hladiny markerT sklerostinu (SOST) a
stanoveny Vv kos temymovolnionmorgeanrgELSA; enzyme-linked

immuno sorbent assay). Hladina sklerostinu byla st anovena pomoc? Kit
Cloud-Clone Corp., 23603 W. Fernhurst Dr., Unit 2201, Katy, TX 77494, USA (SOST,

pg/ ml) a hladina Kkostn? al kalick® fosfat §z)
Bl ueGene Biotech, Shanghai, L2na (BALP, ng/ m

Ze sSs®r aetbylow MmMLI SA analyzov8§ny mailemy nli8d a1 n
propeptid prokolagenu typu | (PINP),l i gand pr o aktiv8tor nuklI| e8|
( RANKL) a osteoprotegerin (OPG). -CRoelgp., i jsm
23603 W. Fernhurst Dr., Unit 2201, Katy, TX 77494, USA (PINP, ng/ml; RANKL, pg/ml;

OPG, pg/ml).

Pro stanoven? kostn2ch markerT u | evetirace
Science I|Inc., Wu h an, L-I? mgémL; SO®ITN@g/mL; RANKImML ; CT>
pg/mL) a kit od firmy Blu e Gene Bi ot ech, Shangh®osolbzea? (E

vliivu |l evetiracetamu na kost n?2 met abol i smus
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nedg zbyl &8 vige zm2nnN&@cianiti e@Phoepmptriobd hajp?c

shodnou metodikou.

642 St anokententrac®rlu®k T v

6.4.2.1 Zonisamid

Na konci experimentu byly stanoveny hladinyz oni sami du v krevn2m s®r
zoni samidu ve vzorc2ch byla stanovena pomoc?:
kapalinov® chdemakacgr anfai ehnsot red srtun 2tmy psup etkrt a jc
kvadr (yc-MS/MS) . PS2prava vzorkTpzahmne@Bdkda vys
vnitSn2ho standar du deDu6t.e rlonvaalny&h ob yplr esgeapbaarl d w
Di scovery HS F5 (100 mm x 2,1 mm | .8)a velil
det ekpo®ohcrdot nost n2 ho s pterkajriotnm@h o Agdentsg4dbuu p - | u
Detekce se wpsokzuttelvmi2zlma mv du za vyugit?2 el ekt
anal T zu byd$e cphooadiy@1Fy1l32 pro zonisamid a 166,2> 148,1 pro
pregabalin-D6.

6.4.2.2 Gabapentin

Hladinygabapent i nu v s®r u byl y Kohcantrate/gabapentinua Kk onc
ve vzorc?2ch byla stanovena pomoc? modifikov
chromatografiesd et ekc? na hmotnostn?m spektrometru
MS/ MS) . PS2prava vzor kT zahrnoval an¥lgsergge
standardu deut er o\D®&n ®MAm ap ryd g dlyd | isreppar ovsgn ne
HS F5 (100 mm x 2,1 mm | .D., vel i kost | 8sti ¢
pomoc?2 hmotnostn2ho spektrometru typu trojit
seuskute | nip@zivti vnzm m-du za vyugit?2 elektrosp
byl vy pougity pSechody iont T 172. 2> 154. 1 p
pregabalin-D6.
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6.4.2.3 Pregabalin

Hl adiny pregabalinu byly stanoveny vacekr evn?
pregabalinu ve vzorc2ch byla stanovena pomoc
kapalinov® chdemakocgr anfai ehnmsot nostn2m spektrc

kvadrup-MSu MG)LC PS2prava vzorkT zahrnovala v
vnitSndhodst deut er ovarD®Bho Apraelgyabablyilnusepar ov
Di scovery HS F5 (100 mm x 2,1 mm | .D., vel il
detekov8n pomoc? hmotnostn?2ho spektrometru t
Det ekce se wpsokzuttalvmi2lma mvv- du za vyugitz el ekt
anallTzu byly pougity pSechody iontT 160, 2 >
pregabalin-D6.

6.4.2.4 Levetiracetam

Koncentrace levetiracetamu byla stanovena na konci pokusumet odou modi fi ko
vysoko% inn® kapali nddV® dehed&mat ofgotaddieods v I |
(Lancelin F, et al., 2007). Po alkalizaci vzorku (0,05 ml 1M hydroxid s o d nbily

|l evetiracetam a vnitSn? standard UCB 17025
odpaSen2 organick®ho rozpougthRdla byl zbytek
anallTzu. Slouleniny byly s eBe¢glenvT@ahyologies, kol on
USA) pSi prTtoku 1,1 ml/min mobiln2 f8§ze. Mo
7%met hanolu a 83 % 20 mM fosf8tov®ho pufru g
detekce prob2hala pSi vinov® d®l ce 200 nm.

6.43 MNDSen2 kostn2 miner8&8ln2 denzity

Na konci pokusu byla mhRSena kostn?) mpomo@&? n?
du8l n?2 energerov®k@bsenpgi ometrie (DXA) na p.
(Hologic, Waltham, MA, USA) vOst eol ogi ck®m centru Fakul tn?
Kr gl e6®d mhRDSen2m byl proveden kalibraln2 sk
zv2Spokwsu bylo vyhodooddéna, BMD obé la®hai bede
vobl asti.Podlemualflem byl a hodnocena tak® cel kov
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tk8nhD a procentu8l n?2 zastoupen? tukov® t k§i
programu pro mal § -4500A Eldet HologicDWattham, MB,RISA).

Vgechna zv2Sata byla mDSena stejnim oper8tor

Obr.| 6:Polohapotkanav pr TbRhu mNRSen2 kostn2?2 miner §l n

Obr.| 7:Skenpotkana-hodnocen? kostn?2 miner 8l n2 hustot
Rliobl ast beder n5;R2ideblir af tel RBui mfravi3 f e mur
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644 Testov_8n? mechani ck® odol nosti kostn?2 t k8

Na speci 8l n2m elektromechani®@@k®em rak8§pkacfi Ms
Kosek &Pavel Trnel ka, Hradeo EKrélVeg®nolLme&Ba
t est okvo8sntzn2 Kek®e®Bi mentu byly pougity femury
vmraz2c?2m-8édxcuapPiostupnhD rozmradgeny pSi poko
bNDhem testovs&m&zezpdibeagivckT m r o z§nokne mp Seadby
vysychs8n2m. PSed vliastn2m bpaybovdyim addISens

d®Il ka. VodRodol nTm fixem byl vy Phal ol asfed
zmNSen prTm®OstovE&MSi mechanick® odolnosti fe
ohT b 8ast? (thrkepoi nt bendi ng) byl a kost um2 st NDna
vzd8l en® od sebe 18 mm. Nejprve byl femur za
10 N k pSesn® fixaci polohy bhRhem | §m&n2. T¢
prTmRru 7 mm koyllmounkesItTD na vyznalenl stSed «
testov8n v anteroposteriorn?2m smDru. Pomoc?
v8l el ek Kkonstantn? rychl ost 2 6 mm/ mi n. S2 |

zaznamen§na pomoc?2 snmlicl2a jreaxiomsliyn?2 kst2elrug v\
v8lelkem, neg doglo ke zl omen?2 Kkosti.naN8sl edc
di st8ln2 | 8sti femuru ve smDru | 8m8n2- pomoc
25MM3 0DEG POI NTED MI CROMETER, Victoria Wor ks,

Ktestovg8n? tl akov® odol nosti kr|l ku femuru

Diaflza f e@mumroBempl alo speci §l n2 n§dobky se s
pryskySic2, sa tzami bgv@8n&kov kol m® poloze. St
zajigtNDna pomoc?2 na zak8zku vyroben®ho dr g8k

byl o zabr&8nhDno pougit2m navl h|len® g8zy fyzio

hl avi ci femuru byka vyuvugbtaS8Snaezekg@vy§ tyl ka
koncem o pr TmDru 4 mm. Tato tylka se pohyb
mm/ mi n. Pro zajigthDn2 stabiln2 polohy kosti
stabilizaln2zm naphRt2m do hemlN|] eNgmND&dnB mpnki

s2la (N) potSebn&8 ke zlomen2? Kkrl|l ku femuru e
zobrazovac?2 jednotce (Snzmal ta600®;, aPtoad&don
zobrazovac? F\V8@D0, durdtea pra@zsi@Inesstechnik gmbh & co kg,

Gernsbach, NDmecko) .
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rwddedepdund

Obr. | . 8: a) Testov§gn? poamitanit SR® oaddol®hms toih

b) Testov8n2 mechanick® odol nost.i kr| ku f emu
645 St atistick8 anallza a vyhodnocen2 dat
Statistick8 anallza dat byla provedena na

programu NCSS 2007 (Number Cruncher Statistical System, Kaysville, Utah, USA).

PSi porovn§8§vg&n2 dvwouskb pésnosv boyt2 ppaodungoiut Bdo n f e |
modi fi kd&Spa.dNV zam2tnut 2 nor mal i t yWhimeypestr a met r
nebo Kolmogorov-Smirnovt est . VI sl edky jsou namhRSeny po
vyj §8dSeny | ako .peantil§Hodnatyp<50., 085 7a5 ni §g2 byl y
za signifikanhtzmamndes$tidi bFabd5a zvol ena U
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7.Vi sl edky

71 VI i v orchidektomie na kostn?z met abol

Hmot nost , t Dl esn8 skl adba

Nebyly pogtativgtniycky vIiznamn® rozd2ly ve hmo

svalov® tk8nhD mezi skupinou potkanT po podst
skupinou potkanT, u kterTch byl proveden pou
Parameter SHAM ORCH P value

Hmotnost na konci 503 (405,8- 519,8) 428 (409,8- 462) 0,34873

pokusu (g)

Tukov§(gt k 8RR 59,1 (41,5-70,4) 61,5 (56,6- 66,5) 0,494837

Tukov§(®%) k 8RR 145(11,6-17,8) 16,5 (14,9-18,9) 0,12560

Sval ov §g) Tk § F330,5 (285,4- 355,0) 289 (284,1- 323,8) 0,16252

Dataj sou vyj §dSe n26.-7p. pdroentilin’e €0,08. n

Hl adiny kostn2ch marker T

Po 12 tTdnech pokusu nebyly zjigthRny ¢g8§dn® s

kostn2zho obratu mezi skupi nami
Parameter SHAM ORCH P value
Sclerostin (pg/ml) 325,42 (257,831 412,94) 635,35 (417,511 759,80) 0,087024
OPG (pg/ml) 450,83 (432,66- 703,96) 460,25 (380,14- 598,95) 0,44312
PINP (ng/ml) 71,71 (38,36- 85,75) 89,96 (58,02- 131,03) 0,12844
RANKL (pg/ml) 142,85 (128,15-421,19) 152,63 (84,06- 242) 0,60576
BALP (ng/ml) 2,64 (2,12- 3,29) 2,99 (1,45- 4,30) 0,67525

Dataj sou vyj §dSe n25.-7p. pdeoentilin'g €0,08. n
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MNDSen2 kostn2 miner8ln2 denzity
Hustota kostn2ho miner8lu byla mhSena po 12
Zzji gt Nno vdtzantainent® cskny? g e n 2 BMD v obl ast. cel ®
obou femurT ve skupinhD potkanT po proveden®
Parameter SHAM ORX P value
Cel ® tDNDIo

BMD (g/cm?) 0,171 (0,158-0,178) 0,153 (0,149- 0,160)  0,00657
Di afprzav®ho femul

BMD (g/cm?) 0,176 (0,167-0,183) 0,153 (0,150- 0,163)  0,00388
Diaflza | ev®ho f

BMD (g/cm?) 0,181 (0,163-0,186) 0,163 (0,153-0,167)  0,03125
Bedern2 oblBat | e

BMD (g/cm?) 0,206 (0,191- 0,218) 0,176 (0,174- 0,188)  0,00189

Dataj s ou

0,22

02

0,18

0,16

Celétélo
BMWD ({gficm®)

0,14

0,12

P =0,00857

vyj §dSe n2b.-7p. @drcentilin'e €0i08. n

0,22
021

02 P =0,00388

|
T

},

019
018
017
0,16

BMD (gicm?)

==

0,15

Diafjza pravého femuru

0,14
012
012
011

T =

0,1

0,22
0,21

0.2
0,19
. 018
0,17
0,16
0,15
0,14
0,13
0,12
0,11

Diafiza levého femuru
BMD {gicm?)

SHAM

P=10,03125

SHAM

0,25 P =0,00130

ORX

023

021

019

o -

—

0,17

Bederni obratle (L3-L5)
BMD {gfem?)

0,15

0,13

Gr af

SHAM

Porotngn?

0,11

T

ORX SHAM

namhRSenich

ORX

hodnotaORKID me zi

s ku
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Testov8n? mechani ck® odol nosti kostn?2 tks8nh

PSi testovg8§n2 mechanich®l odajhgsDhokestah? st
sn2gen? pr TmDr u | ev®ho [ prav®ho femuru u
potvrzeno statisticky vPodamhm®ssin2 gew®h me at

~

femuru pSi tS2boidov®m ohTbg§n2 kost

Parameter SHAM ORX P value

Levli femur (LF) d3647(3583-3768) 35,58 (35,05- 36,42) 0,066082

Pravl femur (PF) «3642(3537-37,32) 35,24 (34,90- 35,90) 0,09625

LFpr TmRr ( mm) 3,57 (3,47- 3,74) 3,20 (3,14- 3,34) 0,00022
PF prTmnRr ( mm) 3,51 (3,38- 3,61) 3,14 (3,03- 3,36) 0,00115
TlougSka kompakty (70061070 0,65 (0,57- 0,68) 0,2191
TlougsSka kompakty ggg(061-0,70) 0,63 (0,60- 0,66) 0,087024
Mechanick8 odol nocsjg7(g4 225 162 (152- 168) 0,00086
t S2bodov®m ohl b8n:

Mechanick§& odol noc¢ji7002-234 182 (177- 204) 0,00491
t S2bodov®m ohl b8&n:

Maxi m&l nz tlakovs ;5 (121-175) 159 (122- 160) 0,84643
femuru (N)

femuru (N)

Dataj sou vyj §dSe n25.-7p. pécoentilin'g €0,08. n
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72 VI i v zoni sami du

Hmot nos

Hmotnost skupiny SHAM+ZNS byla s n2 genal e
skupi nhD PSHAM2

hmot nost.

t

na

kostn?

, t DI esng§8 zonishnaddb & ®a uh |

skupiny SHAM+ZNS nedog | o

( %) oprot.i

zvigen?

sval ov®

Koncentrace ZNS

Sskupiny

tT dnech

tk&nh

odpov2dal a

ORX

testovs8§n2 mec
met abol i sr
adi na

statisticky ne

pod8v§8n? ZNS

(9)

ORX+ZNS

k viznamn®mu

skuye nB IOBHHENEID Yy | o

a

vV e

SN

nedogl

srovngn?z s e

sn2gen?

2gen2

v
o)

S k

sval ov®

tukov®

zjnegi Bna mn ®mu

t

tl & roavpiduoag/l)( clkO® hl ad
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Parameter SHAM SHAM+ZNS P value

Hmotnost na konci 503 (433-517) 463,5 (410,5- 492,8) 0,31843
pokusu (g)

Tukov§(@t k § R 591(41,5-70,4) 46,8 (40,8- 52,4) 0,10408
Tukov§(%) k §R 14,5 (11,6-17.8) 12,8 (11,5- 14,6) 0,15379
Sval ov §g) Tk § F330,5(285,4-355,0) 323,3 (294,4- 352,5) 0.83412
Serum drug B 25,90 (23,06-26,53)

concentration (mg/l)

Dataj sou vyj §dSe n26.-7p. pdroentilin'e €0,08. n

Parameter ORX ORX+ZNS P value
Hmotnost na konci 428 (409,8- 462) 440 (419,8- 475,8) 0,84202
pokusu (g)

Tukov§(t k §R 61,5 (56,6-66,5) 51,8 (45,6- 64,9) 0,189263
Tukov§(% k§R 165(14,9-189) 14,5 (12,3- 19,8) 0,26906
Sval ov §g) Tk § F 289 (284,1- 323,8) 307,7 (297,6- 342,7) 0,49658
Serum drug - 23,82 (22,75- 25,48)

concentration (mg/l)

Dataj sou vyj §dSe n25.-7p. pdeoentilin'g €0,08. n

Hl adiny kostn2ch marker T

Nebyly zjigthRny ¢g8dn® skasimhchkyTvinernams®uj
SHAM+ZNS oproti s kupiORR+ZSSbArbtisek uspk @i nORUX
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Parameter SHAM SHAM+ZNS P value

Sclerostin (pg/ml) 325,42 (257,837 412,94) 425,92 (333,85- 483,14) 0,660140

OPG (pg/ml) 450,83 (432,66- 703,96) 438,73 (401,68- 474,38) 0,14064

PINP (ng/ml) 71,71 (38,36- 85,75) 43,63 (33,80- 71,71) 0,34289

RANKL (pg/ml) 142,85 (128,15-421,19) 419,48 (238,29-508,83) 0,218566

BALP (ng/ml) 2,64 (2,12- 3,29) 2,88 (2,57-2,99) 0,636502

Dataj sou vyj §dSe n2b.-7p. peecentilin’g €0,08. n

Parameter ORX ORX+ZNS P value

Sclerostin (pg/ml) 635,35 (417,517 759,80) 660,57 (491,57 i 836,90) 0,874826

OPG (pg/ml) 460,25 (380,14- 598,95) 376,78 (335,71- 476,41 0,135595

PINP (ng/ml) 89,96 (58,02- 131,03) 84,34 (54,86- 138,92) 0,92591

RANKL (pg/ml) 152,63 (84,06- 242) 275,05 (174,65- 435,39) 0,12526

BALP (ng/ml) 2,99 (1,45- 4,30) 3,23 (2,97- 3,54) 0,67688

Dataj sou vyj §dSe n2b.-7p.pdecentiime d i § n

MRSen2 kostn2? miner8§ln2 denzity

Po 12 tlTdnech podg§8§vg&n2 ZNS byla stanovena hu
Ve skupinhD SHAM+ZNS nebyl pozorovsgn gs§dnl
hodnot 8ch BMD v obl ast.i cel ®ho t NI bedern

skupi nDV8HAMuUpI nD tak@ebylZ NEgt Bh i sti cky

hodnoBMDwbblastic el ®h o

ORX.

t DI a,

vi znamn

bederfrez2nadrpTodtriatd K[u @ini
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Parameter SHAM SHAM+ZNS P value
Cel ® tDNDIlo
BMD (g/cm?) 0,171 (0,158-0,178) 0,164 (0,162- 0,182)  0,94075
DiafTza prav®ho
BMD (g/cm?) 0,176 (0,167- 0,183) 0,171 (0,160- 0,183) 0,71901
DiaflTza | ev®ho f
BMD (g/cm?) 0,181 (0,163-0,186) 0,176 (0,170- 0,186)  0,93196
Bedern2 oblBlat | e
BMD (g/cm?) 0,206 (0,191- 0,218) 0,203 (0,191- 0,211) 0,64016
Dataj sou Vvyj §mé&e in@n7p.pdecentil); p <0,05.
Parameter ORX ORX+ZNS P value
Cel ® tNlo
BMD (g/cm?) 0,153 (0,149- 0,160) 0,154 (0,148- 0,158) 0,99100
DiaflTza prav®ho
BMD (g/cm?) 0,153 (0,150- 0,163) 0,157 (0,151- 0,166)  0,45294
DiaflTza | ev®ho f
BMD (g/cm?) 0,163 (0,153-0,167) 0,160 (0,152- 0,171)  0,90380
Bedernz obLBlat | e
BMD (g/cm?) 0,176 (0,174- 0,188) 0,179 (0,169- 0,182) 0,99193
Dataj sou vyj §dSe n25.-7p. pdcoentilin’g €0,08. n
Testov8n2 mechanick® odolnosti kostn2 tk8&nh
Pod&8§vg&n2 ZNS po dobu 12 tTdnT nevedlo Kk

hodnocenl ch
skupinouORX + Z NS

oproti.

par ametr 8 EAMMNZENS
skupinhD ORX

ospkruoptiinos k upi nid
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Parameter SHAM SHAM+ZNS P value
Levl femur (LF) dg647(3583 3768) 36,30 (35,90- 36,91) 0,792896
Pravl femur (PF) (364235373732 35,89 (35,47- 36,74) 0,48381
LFpr ITmRr ( mm) 3,57 (3,47- 3,74) 3,47 (3,30- 3,69) 0,22269
PF prTmndr (mm) 3,51 (3,38- 3,61) 3,34 (3,16- 3,54) 0,13430
TlougSka kompakty (70061070 0,68 (0,65- 0,70) 0,980109
TlougSka kompakty gg9(061-0,70) 0,63 (0,59- 0,65) 0,087024
Mechanick8§ odol nozsjg7(g4 225) 183 (173,75- 211,75)  0,33605
t S2bodov®m ohl bg8n:

Mechanick§ odol nocsj7oo 234 209,5 (191,75- 229,0)  0,29170
t S2bodov®m ohl b8n:

Maxi m&l n2 tlakovs i5 (121-175) 131,5 (117,25- 153,25)  0,26576
femuru (N)

Maxi m&l n2 tlakov8s 143018 167) 1465 (128,25- 179,5)  0,75879
femuru (N)
Dataj sou vyj §dSe n26.-7p. pdroentilin'e €0,08. n

Parameter ORX ORX+ZNS P value
Levl femur (LF) d(3558(35053642) 36,60 (34,34-37,01)  0,75555
Pravl femur (PF) (35243490 3590 35,67 (34,02- 36,77) 0,98276
LFpr ITmRr ( mm) 3,20 (3,14- 3,34) 3,18 (3,06- 3,33) 0,56384
PF prTmDr ( mm) 3,14 (3,03- 3,36) 3,21 (3,03 3,34) 0,75273
TlougSka kompakty gg5(057-068) 0,58 (0,55- 0,61) 0,08994
TlougSka kompakty g63(060-066) 0,59 (0,55- 0,63) 0,09654
Mechani ck§& odol noc¢ 6152 168) 170 (151- 190) 0,27811
t S2bodov®m ohl bgnt:

Mechanick§& odol noc¢jigy177-204) 188 (174- 195) 0,93035
t S2bodov®m ohl bgn:

Maxi m&l nz tlakov8§ ;59120 160) 130 (110- 159) 0,20453
femuru (N)

Maxi m&l nz tl akov8 1460132164 152 (141- 168) 0,82681
femuru (N)

Dataj sou

vyj §dSe n2b.-7p. @drcentilin'e €0i08. n

56



73 VI iv gabapentinu na kostn? metabol i s

Hmot nost, t DIl esn§8 gsakbaapdebmat ian unh | va dsi &rau
Nebyly zjigtnhDny ¢g8dn® statisticky viznamn® z
a svalov® tk8nhD ve skupinhD SNAMNGBRI| vernzws o
statisticky viznamnl rozd2l ve hmotnosti, =za
skupinhD ORX+ GBP oproti skupinhD ORX.
Koncentrace gabapen3HAM+GBP vae ORX+HGBPp od Pov 2 dal a

terapeutick®&mu r o20megd.2 pro |l ovhRDka 2
Parameter SHAM SHAM+ GBP P value
Hmotnost na konci 503 (405,8- 519,8) 484,5 (468,8- 528,5) 0,67420
pokusu (g)

Tukovs§ tk&8R 591(415-70,4) 48,2 (45,5- 55,8) 0.30601

Tukov§g tk§&8R 145(11,6-17,8) 121 (11,2- 13.4) 0.08701
Sval ov§ Tk §F 3305 (285,4-355,0) 354 (336,9- 372,2) 0.09309
Serum drug i 8,9 (8.5- 9.6)

concentration (mgl/l) R

Dataj sou vyj §dSe n2b.-7p. pdrcentiln’g €0,08. n

Parameter ORX ORX+ GBP P value
Hmotnost na konci 428 (409,8- 462) 4465 (427,5- 475) 0,33749
pokusu (g)

Tukovsg tk§&R 615(56,6-665) 61 (57,4-71) 0.87483
Tukovg tk§&R 165(14,9-18,9) 16.1 (15,6-17) 0.87446
Sval ov§ Tk §F289(284,1-3238) 310,9 (296,8- 336,2) 0.22715

Serum drug i 7.8 (7.0- 8.4)
concentration (mgl/l) R

Datajsouvyj §dSena j(25.krb. pemcentl); *§ €0,05.
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Hl adiny kostn2ch marker T

Kposouzen?2 vlIivu | ® by GBP na kostn?2 obrat b
SHAM+GBP jsme nezjistild:@ g8dn® statisticky
obratu oprotiskupi NN SHAM. Ve skupi nsX aQR Xs+tGBcPk yd ovgil zon &
zvigen? hl adiny RANKL oproti skupinhD ORX. C
skupinhD ORX+GBP nebyli statisticky viznamn®.
Parameter SHAM SHAM+GBP P value
Sclerostin (pg/ml) 325,42 (257,831 412,94) 327,11 (297,92-449,31) 0.69891
OPG (pg/ml) 450,83 (432,66- 703,96) 611,08 (567,98- 674,35) 0.18926
PINP (ng/ml) 71,71 (38,36- 85,75) 80,13 (54,33- 108,39) 0.34073
RANKL (pg/ml) 142,85 (128,15-421,19) 309,3 (255,45- 379,06) 0.26049
BALP (ng/ml) 2,64 (2,12- 3,29) 2,73 (2,04- 2,86) 0.51557

Dataj sou vyj §dSe n25.-7p. pdroentilin’e €0,08. n

Parameter ORX ORX+GBP P value
Sclerostin (pg/ml) 635,35 (417,517 759,80)  554,5 (459,03- 662,66) 0.49484
OPG (pg/ml) 460,25 (380,14- 598,95) 484,5 (418,5- 517,48) 0.93590
PINP (ng/ml) 89,96 (58,02- 131,03) 83,64 (36,43- 150,33) 0.98092
RANKL (pg/ml) 152,63 (84,06- 242) 576,18 (466- 705,93) 0.00050
BALP (ng/ml) 2,99 (1,45- 4,30) 2,79 (2,54- 3,24) 0.78216

Dataj sou vyj §dSe n2b.-7p. pécoentilin’g €0,08. n

MRSen2 kostn2? miner8§ln2 denzity

Po 12 tTdnech pod§8§vsg§n2 GBP byla stanovena hu
Ve skupinhD SHAM+GBP nebyly pozorov8ny stati

obl asti cel ®ho t NI a, bedern2ch obratl T ani
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skupinhD ORX+GBiPjtnerbyy |y§ dzn® st atisticky vIizna

cel ®ho tNDla, bedern2ch obratl T nebo obou fem

Parameter SHAM SHAM+GBP P value

Cel ® tDIo

BMD (g/cm?) 0,171 (0,158- 0,178) 0,171 (0,17-0,174) 0.63468
Di aflTza femuuw ®h o

BMD (g/cm?) 0,176 (0,167- 0,183) 0,175 (0,17-0,18) 0.79044
DiaflTza | ev®ho f

BMD (g/cm?) 0,181 (0,163- 0,186) 0,178 (0,165-0,184)  0.80779
Bedernz obLBlat | e

BMD (g/cm?) 0,206 (0,191- 0,218) 0,203 (0,197-0,209)  0.78300

Dataj sou vyj §dSe n26.-7p. pdroentilin’e €0,08. n

Parameter ORX ORX+ GBP P value

Cel ® t NIl o

BMD (g/cm?) 0,153 (0,149- 0,160) 0,157 (0,155- 0,159) 0.11465
DiafTza prav®ho

BMD (g/cm?) 0,153 (0,150- 0,163) 0,159 (0,153- 0,167) 0.36227
DiaflTza | ev®ho f

BMD (g/cm?) 0,163 (0,153- 0,167) 0,165 (0,158- 0,174) 0.24045
Bedern2 oblb)at | e

BMD (g/cm?) 0,176 (0,174-0,188) 0,174 (0,172-0,184)  0.67420

Datajsouvyj §dSena j(2bKkrb. percentl); ‘§ €0,05.
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Testov8n? mechani ck® odol nosti

Byl o provedeno mechanick®

GBP po

dobu 12 tIdnT.

hodnocenlch parametrech
Skupinou ORX+GBP oproti

skupinhD ORX.

Parameter SHAM SHAM+GBP P value
Levl femur (LF) dg647(3583 3768) 37,7 (35,63- 38,78) 0.56352
Pravli femur (PF) (364235373732 37,44 (35,76-39) 0.35350
LFpr TmRr ( mm) 3,57 (3,47-3,74) 3,6 (3,44-3,74) 0.92620
PF prTmBdr (mm) 3,51 (3,38- 3,61) 3,46 (3,25-3,54) 0.18460
TlougSka kompakty g70(61-070) 0,69 (0,63-0,78) 0.44080
TlougSka kompakty g(g9(061-0,70) 0,67 (0,66- 0,80) 0.980109
Mechanick8 odol noc¢jg97(184-225) 211 (191- 227) 0.69957
t S2bodov®m ohl b8n:

Mechanick8§ odol nocsj7oo 234 239 (220- 245) 0.27797
t S2bodov®m ohl b8n:

Maxi m&l n2z tlakov§ j55 (121-175) 162 (153- 173) 0.39296
femuru (N)

Maxi m&l n2 tlakov8§ 1430118 167) 163 (153- 172) 0.44581
femuru (N)

Dataj s ou

Vyj §dSe n2b.-7p. pdrcentilin'e €0i08. n
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Parameter ORX ORX+ GBP P value

Levli femur (LF) d<3558(3505-3642) 36,2 (34,9- 36,39) 0.71299

Pravl femur (PF) (352543490 3590) 35,87 (34,51- 36,17) 0.79968

LFpr TmRr ( mm) 3,20 (3,14- 3,34) 3,31 (3,21- 3,34) 0.61656
PFpr TmnRr ( mm) 3,14 (3,03- 3,36) 3,16 (3,13- 3,30) 0.74749
TlougSka kompakty g(gs5(057-0,68) 0,62 (0,58- 0,65) 0.37326
TlougSka kompakty gg3(060-0,66) 0,62 (0,57- 0,63) 0.28799
Mechanick8 odol nocsjg; s 168) 181 (176-184) 0.06173
t S2bodov®m ohl bgn¢-

Mechanick8 odol noc¢jgy177-204) 197 (191- 206) 0.24851
t S2bodov®m ohl bgn¢-

Maxi m&l n2z tl akovs8 j59(122-160) 138 (119- 143) 0.14854
femuru (N)

Maxi m&l n2 tlakovs j146(0132-164) 147 (128- 158) 0.62090
femuru (N)

Dataj sou vyj §dSe n26.-7p. pdroentilin'e €0,08. n

7.4 Vliv pregabalinu na kostn? metabolismus u pot

Hmot nost, tDIl esn§8 psegabadimibves ®a uhl adi na

Byl o pozorovg§no st astni2sgtemckyponevi veamk®@pi nhD

oprot.i skupinhbh SHAM a ORX+PGB ve srovng8n2 s
g8§dn® statistickyzadzoama®? zmlDhgv® t kE&nh a
skupinD SHAM+PGB a ORX+PGB oproti kontrol n2m

Koncentrace pregabalinuvobou skupin8ch odpov2dala terap

| 1 ov B/l 2
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Parameter SHAM SHAM+ PGB P value

Hmotnost na konci 503 (405,8- 519,8) 486,5 (478,5- 516) 0,71319
pokusu (g)

Tukov§ tk§&8R 591(41,5-704) 60,6 (52,7- 66,9) 0.56352
Tukov§ tk8R 145(11,6-1738) 15 (13.7- 18.2) 0.49484
Sval ov§ Tk §F 330,5(2854-355,0) 334,3 (317,1- 341,5) 0.78318
Serum drug i 3,9 (3,6 4.3)

concentration (mg/l)

Dataj sou vyj §dSe n26.-7p. pdroentilin'e €0,08. n

Parameter ORX ORX+ PGB P value
Hmotnost na konci 428 (409,8- 462) 425 (416,2- 441,3) 0,63786
pokusu (g)

Tukovs tk&8R 615(56,6-665) 70,8 (65,4- 71,5) 0.09334
Tukovs§ tk§&8R 16,5(14,9-18,9) 19,3 (18.4- 20.5) 0.10379
Sval ov§ Tk §F289(284,1-3238) 278,5 (263,1- 297,9) 0.11821
Serum drug i 4,8 (4,5-5,0)

concentration (mg/l)

Dataj sou Vvyj §dSe n2b.-7p. pdrcentiln’g €0,08. n

Hl adiny kostn2ch marker T

Po 12 tTdnech byly mRSeny markery kostn2ho
zaznamenali statisticky viznamnhD zvigenou hl
Ve skupinhD ORXsP&HBI sioige oy kvl znamn®mu zvigen?
skupinD O RnX2. hQsa daitny k 0 s hewykazdvaly mtatistickeu T

vi znamnost
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Parameter SHAM SHAM+PGB P value
Sclerostin (pg/ml) 325,42 (257,837 412,94) 707,48 (520,25- 1037,06) 0.00686

OPG (pg/ml) 450,83 (432,66- 703,96) 481,8 (428,6- 544,4) 0.79290

PINP (ng/ml) 71,71 (38,36- 85,75) 87,50 (55,21- 96,45) 0.43425

RANKL (pg/ml) 142,85 (128,15-421,19) 546,78 (473,31- 652,05) 0.06371

BALP (ng/ml) 2,64 (2,12- 3,29) 2,75 (2,62- 3,05) 0.37203

Dataj sou vyj §dSe n2b.-7p. peecentilin’g €0,08. n

Parameter ORX ORX+PGB P value
Sclerostin (pg/ml) 635,35 (417,517 759,80) 882,34 (463,28- 1343,33) 0.49484

OPG (pg/ml) 460,25 (380,14- 598,95) 415,83 (391,6- 428,61) 0.18894

PINP (ng/ml) 89,96 (58,02- 131,03) 126,46 (81,53- 166,13) 0.27780

RANKL (pg/ml) 152,63 (84,06- 242) 598,18 (551,66- 709,56) 0.00009

BALP (ng/ml) 2,99 (1,45- 4,30) 3,11 (2,65- 3,18) 0.84559

Dataj sou vyj §dSe n2b.-7p. pécoentilin’g €0,08. n

MRSen2 kostn2 miner8§ln2 denzity

Hustot a
SHAM+ PGB
t NI a,
nebyly z

bedernzch

bedern2ch

kostn2ho

nebyly

jigthDny
obratl T

pozorovsgny
obrat!| T ani
g8dn®
nebo

obou

obou

femur T

mpoerl@l u TwWylex hmpPSeaEa §n 2
statisticky
femur T
statistitky cel Phamn@

oprotii
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Parameter SHAM SHAM+PGB P value
Cel ® tDNDIlo

BMD (g/cm?) 0,171 (0,158- 0,178) 0,178 (0,171- 0,180) 0.17205
DiafTza prav®ho

BMD (g/cm?) 0,176 (0,167- 0,183) 0,177 (0,169- 0,182) 0.53856
DiaflTza | ev®ho f

BMD (g/cm?) 0,181 (0,163- 0,186) 0,178 (0,173- 0,180) 0.87483
Bedern2 oblBlat | e

BMD (g/cm?) 0,206 (0,191- 0,218) 0,214 (0,207- 0,220) 0.21399

Dataj sou Vvyj §mé&e in@n7p.pdecentil); p <0,05.

Parameter ORX ORX+ PGB P value
Cel ® tNDlo

BMD (g/cm?) 0,153 (0,149- 0,160) 0,159 (0,153- 0,161) 0.087024
DiaflTza prav®ho

BMD (g/cm?) 0,153 (0,150- 0,163) 0,153 (0,151- 0,161) 0.84452
DiaflTza | ev®ho f

BMD (g/cm?) 0,163 (0,153- 0,167) 0,157 (0,154- 0,161) 0.25264
Bedernz obLBlat | e

BMD (g/cm?) 0,176 (0,174- 0,188) 0,181 (0,177- 0,186) 0.77603

Dataj s ou

vyj §8§dSe n2b.-7p. @drcentilin'e €0i08. n
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Testov8n?

Podg8v_8n?2

hodnocenlch

dobu

parametrech

mechani ck® odol nosti

~

t1dnT

me z i

kostn?2

neved.I

skupinou

skupinou ORX+PGB oproti skupinhD ORX.
Parameter SHAM SHAM+PGB P value
Levl femur 36,47 (35,83- 37,68) 36,76 (35,89-37,99) 0.71299
Pravl femur 36,42 (35,37- 37,32) 36,48 (36,08- 37,77) 0.79904
LEpr TmDr 3,57 (3,47- 3,74) 3,51 (3,37- 3,60) 0.10868
PF prTmnr 3,51 (3,38- 3,61) 3,38 (3,32- 3,52) 0.14681
TlougSka kompakty g70(061-070) 0,62 (0,58- 0,69) 0.12536
TlougSka kompakty ggg(061-0,70) 0,64 (0,60-0,66) 0.087024
Mechanick8& odol noc¢jg7(g4.225) 212 (198- 217) 0.38170
t S2bodov®m h 8§n:

Mechanicks§ dol nos 217 202-234) 218 (204- 240) 0.65684
t S2bodov®m hl b8n¢:

Maxi m§l n? akovs§ 15(121-175) 155 (131-158) 0.84236
femuru (N)

Maxi m&l n2z tlakov8 1430118 167) 159 (145- 182) 0.26791

femuru (N)

Dataj sou vyj §dSe n2b.-7p. pdrcentiln’g €0,08. n
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Parameter ORX ORX+ PGB P value

Levli femur (LF) d<3558(3505-3642) 35,15 (34,44-35,84) 0.23521

Pravl femur (PF) (352543490 3590) 34,76 (34,19- 35,44) 0.11504

LEpr ITmRr ( mm) 3,20 (3,14- 3,34) 3,17 (3,14-3,28) 0.52124
PF prTmndr ( mm) 3,14 (3,03- 3,36) 3,23 (3,09-3,31) 0.93151
TlougSka kompakty g(gs5(057-0,68) 0,6 (0,59-0,64) 0.30330
TlougSka kompakty gg3(060-0,66) 0,62 (0,59-0,68) 1.00000
Mechanick8 odol nocsjg;5-168) 172 (158- 184) 0.32533
t S2bodov®m ohl bgn¢-

Mechanick8 odol noc¢jgy177-204) 198 (181- 204) 0.82168
t S2bodov®m ohl bgn¢-

Maxi m&l n2z tl akovs8 j59(122-160) 145 (124- 159) 0.64755
femuru (N)

Maxi m&l nz tlakov8 1460132164 158 (141- 181) 0.48489
femuru (N)

Dataj sou vyj §dSe n26.-7p. pdeoentilin'e €0,08 n

7.5 Vliv levetiracetamu na kostn2 metabolismus u p

Hmot nost , t DI esn§8 I|sekvieatdibraa cae tha naud i vn as ®r u

Hmot nost potkanT LEY? bwajl2ac 2n@ah k®INkis pokusu sn?2
nevliznamnhD oprot.i k o/ret rsok inpimm NDs kKJIHAMSBITEYV by |
statisticky viznamn® sn2Jen? tukov® tk8&nhD (
kontroln2 skViei sRu@BHADM. ORXAkEVzdagh®muk pokl
svalov® tk8§nnD a sn2gen? tukov® tk8nhD oproti

Koncentrace LEV odpow?dal askwping8§ch terapeuti ck®&mu
(3531235 emol /1).
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Parameter SHAM SHAM+LEV P value
Hmotnost na konci 408,1 (387,5-429,75) 393,4 (383- 405,2) 0,44322
pokusu (g)

Tukov§(@t k 8§ R 61,8 (60,65-635) 35,85 (31,5837,1) 0,001460
Tukov§(%) k8R 154 (14,65-1509) 8,95 (7,99,4) 0,002066
Sval ov §g) Tk §F345,1(323,95-366,85)  358,8 (344,8- 372,4) 0,50220
Serumdrug - 225,35 (215,23 235,25)
concentration 6 > Y 2 f

Dataj sou vyj §dSe n26.-7p. pdroentilin'e €0,08. n

Parameter ORX ORX+LEV P value
Hmotnost na konci 400,5 (385,95- 410,75 390,6 (388,18- 402,93)  0,74320
pokusu (g)

Tukov§(t k§R 757 (66,03-80,7) 66,1 (56,45- 76,08) 0,318069
Tukov§®) k§Rr 1861665198 16,9 (13,2- 19,75 0,38446
Sval ov §g) Tk §F3288(30893-336,85) 318 (310,5- 344,7) 0,69324

Serum drug

concentration 6 > Y2 f +

197,75 (188,4- 210,23)

Dataj sou vyj §dSe n2b.-7p. pdrcentiln’g €0,08. n

Hl adi ny

K posouzen?
potkanT SHAM+LEV
CTX-.U skupiny

BALP, CTX-I

a

kostn2ch

vIivu olb&|abty bLyHW nnad Skepnbyskokioys t n 2 m

RANKL

mar ker T

ORX+LEV

oprot.i

dogl o po 12
byly pozorov§8ny

kontr ol

tTdnech k

n2

stat
statis
skupinbD orcl
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Parameter SHAM SHAM+LEV P value
BALP (ng/ml) 1,069 (0,882-1,888) 3,62 (2,12- 4,87) 0,00868
Sclerostin 469,62 (377,474-539,791) 420,27 (380,67- 505,97) 0,792896
CTX I (pg/ml) 83,015 (46,301-152,004) 340,24 (114,50- 569,41) 0,03438
PINP (ng/ml) 1,045 (0,93-1,12) 4,45 (0- 8,80) 0,282673
RANKL (pg/ml) 359,41 (348,886-592,977) 581,58 (467,16- 791,77) 0,14679
Dataj sou vyj §dSe n2b.-7p. peecentilin’g €0,08. n

Parameter ORX ORX+LEV P value
BALP (ng/ml) 1,283 (0,954- 1,531) 3,911 (3,631-4,605) 0,00071
Sclerostin 332,936 (112,56- 473,18)  435,5 (413,67- 467,56) 0,18327
CTX I (pg/ml) 32,513 (0- 126,09) 564,4 (513,37- 851,54) 0,005051
PINP (ng/ml) 0,875 (0,41-1,52) 1,199 (0- 10,613) 0,282673
RANKL (pg/ml) 312,072 (197,04- 364,58) 659,16 (555,4- 760,3) 0,00085
Dataj sou vyj §dSe n25.-7p. pdcoentilin’g €0,08. n

MRSen2 kostn2? miner§ln2 denzity

Hustot a
statisticky
s k OBA+MLIE V
prav®ho a I

vV e

kostn2ho

ev®ho

SHAM+LEV a ORX+LEVo pr ot i

viznamn®

oprot.i

kontr ol

f emur u

zvligen?

n2m

minetBtoeblyl| pBVin®Bm® i G2

t DI g
Ho d

B SHAM+¢ V], t&kh o

Sskupi ng8m.

Me byrmiynRH®a kw pt nBDK:
i skuping ne.l n 2
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Parameter SHAM SHAM+LEV P value
Cel ® tnNnlo

BMD (g/cm?) 0,164 (0,160-0,166) 0,176 (0,173-0,178)  0,02139
DiafTza prav®ho

BMD (g/cm?) 0,185 (0,176-0,196) 0,178 (0,172-0,189)  0,685443
DiaflTza | ev®ho f

BMD (g/cm2) 0,186 (0,177-0,186) 0,182 (0,173-0,190)  0,78785
Bedern2 oblb)at | e

BMD (g/cm?) 0,220 (0,197-0,222) 0,22 (0,215-0,225)  0,24142

Dataj sou vyj §dSe n26.-7p. pdroentilin’e €0,08. n

Parameter ORX ORX+LEV P value
Cel ® tNlo

BMD (g/cm?) 0,154 (0,152- 0,160) 0,166 (0,162-0,1712)  0,01141
DiaflTza prav®ho

BMD (g/cm?) 0,171 (0,166- 0,176) 0,169 (0,165-0,173)  0,89917
Di aflgea®ho femur

BMD (g/cm?) 0,165(0,149-0,171) 0,164 (0,156- 0,171)  0,92336
Bedernz obLBlat | e

BMD (g/cm?) 0,192 (0,186- 0,202) 0,200 (0,197- 0,208)  0,55136

Dataj sou

vyj §dSe n2b.-7p. @dcrcentilin'e €0i08. n
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SHAM+LEV a skupinou ORX versus ORX+LEV

Testov8n? mechani ck® odol nosti kostn?2 t k&8nh

Podg§vsgn2 LEV po dobu 12 tTdnT nevedlo k s
hodnocenlch p ar skogrow 8 ElAMHIeEZM opr ot i skupinkL
skupinouORX+LEV oproti. skupinhD ORX
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Parameter SHAM SHAM+LEV P value
Levl femur (LF) d<3744(3694-3826) 37,38 (37,12- 37,99) 0,93090
Pravl femur (PF) 370236705 38165 37,31 (36,92- 37,72) 0,95235
LFEpr TmRr ( mm) 3,39 (3,315-3,63) 3,52 (3,46- 3,74) 0,73359
PF prTmRr ( mm) 3,49 (3,4-3,655) 3,59 (3,52-3,7) 0,86066
TlougSka kompakty gg5(0605067) 0,60 (0,588- 0,64) 0,416636
TlougSka kompakty (71065072 0,65 (0,60- 0,67) 0,07383
Mechanick8 odol noc¢ig75(176252035  191,5(179,75-22855)  0,82003
t S2bodov®m ohl bg8n:

Mechanick8 odol nocsjygzo15025238) 233 (226,75- 243,75)  0,92059
t S2bodov®m ohl b8n:

Maxi m&l n2z tlakov8 1170175157 147,5 (139- 160,75) 0,09937
femuru (N)

Maxi m&l n2z tl akov8 j39(1285-1475) 151 (126-152) 0,96539
femuru (N)
Dataj sou vyj §dSe n26.-7p. pdroentilin'e €0,08. n

Parameter ORX ORX+LEV P value
Levl femur (LF) d¢3631(3559 3687) 36,3 (36,07- 36,71) 0.93090
Pravi femur (PF) (3646 (3564 3669) 36,73 (36,11- 36,94) 0.95235
LEprImDr ( mm) 3,46- (3,4- 3,55) 3,49 (3,46- 3,51) 0,73359
PF prTmbr ( mm) 3,41 (3,32- 3,51) 3,49 (3,36-3,54) 0,86066
TlougSka kompakty 065(062 068) 0,63 (0,62- 0,64) 0.416636
TlougSka kompakty 063(060-0,65) 0,62 (0,62- 0,63) 0.07383
Mechani ck§8 odol noct1825(174-190) 188 (173,5- 195,75) 0.82003
t S2bodov®MEN)ohl bgn¢-

t S2bodov®m ohl b8n:

femuru (N) '
Maxi m§l n2 tlakov§g 1355 (128-14375) 130,5 (118,25- 137,75) 4 9g539
femuru (N) '

Dataj sou vyj §dSe n2b.-7p. peccentilin’e €0,08. n
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8. Diskuze

U pacientT ug2vaj?2c2ch AED "starg2 generace"
p4a50 (CYP450) : kar bamazepi n, fenytoin, feno
sn2gen2 kostn?2 miner8ln2 denzity (BMD), kter
zlomenin (Ko et at, 2020). U pacientT | ® enlTch novDnRj g2 mi

enzymy, je m®n N pravdNDpodobn®, ge u nich bwude di
VNt gina sDjepirTSez®AESE§. Existuje pouze nhDkoli
noviRjg?2?mi AED a jejich vliivem na kosti

Sledov8§n2 kvality kostn2prt&@Binddmatil ¢kl®, jer dbo
studi 2 mohou blt ovlivniheyi Skdeu® sel ShdBchy

strava, frekvence z8chvatT, rozd?2l ycemwmenivicho
subjekty a ugDwrlnolésti. Naprotitamn AEBEmM zv2Sec? model
syst®m, kterlT je izolov&8§n od nemoci, ¢givotn?2
81 VIiv orchidektomie na kostn?2 metabol
Byl i porovng8§vsgny visledky dvou skupin potka
potkan T podstoupila orchidektomid@ ( ORX) a u d

operal n?2 Sezd TcSMAMU. oVchidektomie jsme u p
porozovalist at i sticky viznamn® sn2den2 BMD v obl a
prav®ho a | ev®hrovfeemmiBu orchidektomie mDIla v
| ev®ho fzerwrosbnidgaaneath ani ckou odolPospgr d Nedd o®
orchidektompokldesh8ht addi ny androgenT, kter®
vIivoj kost 2, al e i pro udr gen3sokdatdmu?2 skemaott\y
provedenou na myg2chplbkac® bhwdyogygshnsaecbnyec
projevilo viraznim pogkozen2m mi ICheasttalf ukt ur \
2019). Tak® jin8 studie na potkanech wukazuj e,
ovlivRuje stavbu tRla sn2gen2m celkov® hmot n
BMD (Vanderschueren et al., 2000). Nej dTl egi t Dj g2 androgeny
testost edriohny dar o5tle st ost eron (DHT), kter® ovl i\
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Testosteron pTsob?2 na skelet anabolicky pr os
andr ogennen erbeoc eppdeomNDplbeit an ae slt7r adi ol prost Sed
aromat8zy (z rodiny cytochromT P450), kterl
Jak estrogeny, tak testosteron maj? receptory na V
androgenn? recepdotreso bdloansitneucjh? anaost eocytech.
proliferaci, diferenciaci osteoblastT a pod?
Androgeny tak® r egul (Leder etaak, 2020).i t ud oosspt Xkl ol kel ha sjt s
stavy andr ogenn?y dsepvrlizvnaacnen Tsnp osjne2ngen2 m mi ner ¢
Se st8rnut2m doch8z2 k poklesu biologicky do
| §stelnhN v d®redkkcaviggemul i nu v8zaj2c2ho p
hl adin androgenT $emplhoratl ek 8P n2s ipokdi abekul §
miner8lu, s |2mg souvis?2 zvligen2 rizledera zI| om
et al., 2020).

Nage vIisledky potvrzuj2 dostupng§ fakt a, ge

negativnhD ovlivRuje vivoj kost2. Ml adl pot ke
mTge blt povagovs&§n za vhodnl zv2Sec?2 model p
8.2 Vlivzonisamidunako st n2 metaboli smus u potka

Vtomto pokusu nebyly zjigthDny §g8dn® statisti
ORX+ZNS versus skupina ORX a skupina SHAM+:
SHAM.DTkazy tTkaj2c2 se vliivu ZNS na BMD a kos
literatuSedepe gan2m8ue a rozporuplnni.&/d %daj
studii Takahashietal.,vedopod8v8n2 ZNS v d8vce 80 mg/ kg ¢
dobu 5 kv T dna mrs®&mujhkodnoty BMD tibie i f emuru .dejichot kanT

visledky naznaluj?, ge ZNS mTge uzpPSmldvat
modeluuNa rozd2l od pSedebgk2eohnaisl edkiBii zj i
ZNS na hodnotu BMD. Na konci nageho ppokKwsuhl adina ZNS ve
ORX+ZNS 24,00 mg / | a vV e skupinh SHAM+ZNS 25,13
terapeuti ck ®m@o#0ang/). M8 npst ovngn2 visledk T ob
omezens§, protoge nezn8me jejich s®rovou konc

ge D\fBaj 2 bi f8zickIv %l8iviesK orsad ik msat id§vce. Sn?2
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pevnosttr ab e k Lkklo&rtn2 a sn2gen® hladiny s®rov®ho o
kosti, byl ySip2ozzko® odv&wmeye pl evetiracetamu (konc
ale nikoliv p S'i p o W®OkREIrg2y levet i r acet amu (koncentrace =z
(Nissen-Meyer etal.,,2008). Tak ® f dARTM)tvyikmzuj e na d8vpoae z8vi
kost Zat 2mco terapeutick® d8vky PHT jsou spoje
d8vky tohoto | ®ku nAack 20@8s Nekzeovgyel nonuz| i%|,i ngeek i Z1
ovlivRovat kosjehod§v@&amiagsktousdtiii naou visledky

studi ? Ko&ktet 8abuylmlidech (Koooet &, 2G20). Byl v zkoum8ny
Yl inky ZNS na BMD a biomarpger 3 kmfdsAThAc h met
paci emrtpT | .sMorotefapie ZNS nemD| gkodl i v® Y| i nky na z
Zkoumali jsme tak® wlui wddNDomsa . Rel®th Imdch ¢ kk §n N
pod8vs8§n2 ZNS jsme nezaznamen alparameirech mezit i c ky

skupinou ORX+ZNS oproti skupinhD ORX a skup
SHAM. Visa@epghlkwsunaznal uj 2, ge ZNS nem§ negat.i
kost2. Studie Koo et al. rovnhDg prezentuj e,

kostn?2 metabol i sniKosetal 2g@v nost kost?

Mechani smusp T8%bbaANMS na Kkost j e st 8l e nej asn
inhibitorem karboanhydr8zy, cog vede k ren§gl
sekund8rn? abnor(Paekl at aly 2008 TRM s tsit ej nND jako Z
i nhibitorem kb¥estludis&Simkoyetdal. 8yt v pr ok 8g& nmonoter ag
TPM po dobuu 102r cthliddneTkt o mo wmdh lac megat kam¥ vI i v
sni goval a mechani Sikoetap20i4hbsit s k wjstudie, @&alkg®
podpor ujvivu TPMna kos t n 2a atbkn®R m§ | ZhangBema., 2010,

Coppola et al., 2009).

V. pSedchoz? st weda.,l ®T blhaZa&NShivieanamnD zvigil a
pyridinolinu, mar keru kostn?2 resorpce, zat 2n
kostn2 formace, nebylmaonwvdliwvmpnage TatwozkamgT
ZNS zpTsobovat Ybytek kostn? hmoty sp2ge ur:
kost n? (Takahashietal., 2003).V j i n® studi i na | idech se
formace (BALPaOC) a mar ker Kkostglnédpeetsiod)pcepo (X3 mDs
ZNS v T znamn DD (Koceet ah2020).| Wtomto pokusuj s me st anovi | i r
marker T kostn2 formadfegaNDk@®sahBsakedigyPINSGe . | ®
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gonad8l nhD intaktn2ch potkanT a pot keallak po o1

statistickynev 1 z n A nmmmIBmv mar kerech kostn2 formace a

Zsg§vhDrem |l ze S2ci, genagelkosumann &l nj22 vige edlkg
pod8&vsg&nd &MNShidektomovanlch potkanT a gonad§
negati vnaodnoty BMDnamar kery kostn2ho mé&wabol i s
odol nost kostn2 tk8nD.

8.3 Vliv gabapentinu a pregabalinu ( gabapentnian kiodsT )n 2

metabolismus u potkanT

Po 1@neddh pod§vg§n2 GBP a PGB nebyly zjigthnn
zmDny BMD ani mechanick® odol nosti prav®ho
intaktn2ch potkanT, ani u orchidektomovanTc
zmNDny marker T kostnudah®RANKLat maskef ji mdo§gej
osteokdyeaessKlupi nl ORX+ ®BBWe as KQURX+hWPG SHAM+ PGB by

statisticky viznamnhRD zvigenl sklerostin opro
zjigtnNn2 shoduj 2?2 .sektsearusdinrg gkiaon®iSy hekta aarin ® z mr
BMD, mechani ck® pevnosti kost?2 nebo kostn?2c

nNi gg2m d8vks8&m GBKPanNd3ad emng/alk.g,) 2017). Bohugel
stanoven?2 s®rovich hladin GBP. V arta q2n s tnRdikiG
Medi 8n a mezi kvartilov® rozmez? s®rovich hl
orchidektomovanlch p®6) kglinrgsp. 7.8 (7y0-8,84 m8/l. Na8 , 5
z8kl adn farmakokineticklch %dajT z2skanlTch p
2011) | ze pSedpokl 8§dat, ¢ge hladiny GBP zjigt!l
dosagen® po peror8lnz2m pod8&n2 GBP v d8vce 3
srovnatel n®. bl inek GBP na kosti j e pravdDpg
vygg2m GBPkE§m50 mg/ kg) vedlo k viznamn®mu s
kostn?2 formace) reezzsigrnhh2 thyseB® fosfat §z
resorpce). BMD a mechanick8 pevnost kosti
hi stomorfometri dky® nemaltlizvyn2uke§elany, vl etnhD s

objemu osteoidu a zvigen2 poltu osteoklastT
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Nage visledky, kter® ukazwj popdksawmT wohloadadihn §
naznal uj 2, ge riziko negativnechmTée¢ i nBVi GBP
hormong§8l nzm2 $Sledwst atek pohlavn2ch hormonT m
kostn2 tk8R. Al koli z8kladn2 mechanismy negzé
nej asn®. O %l inc?2ch gqaslkd peamtsitn amiud Tn erjdsno®ul &d idr

“wdaj e V nag?2 studii jsme u gonad8lnhD intakt
ve skupinhD PGB. Sklerostin je dTJlegitlim par a
m2t katabolick® % inky prostSednictvdlace i nhib
funkce osteokidCastit ¢ ebDelagado 2017) . V nag? st
skl erostinu nebyla spojena s viznamnl mi z mnn
kosti. MTgeme pouze spekulovat, ge zmBDny ob
mar ker T pphedcpho§zzd Dj g2 m zmNDn&m BMD a mec han
Vzhl edem k nekonzi ®hanmaokery%koeskmM2 AB obr at
neexistuj?2c?2 korelaci me z i BMD a mechanickol
anallza kosti |jedamgmo st ireldleovta nit §12tcrhojdT pr o s
posouzen? rizika antiepileptik p-rMeyezedat.,av? ko
2007).

Vyvst 8v8 ot 8zka, zda je 12 t7TdnT dlouh8§ exp
tomu, aby doglo k echagsmcB®Dpeebosii kost 2.

et al., 2017) povagovali tento interval za p
zZ omezen? sv® studie. Na z8kladnD %daj T od S
mNs2c ¢givota potkand@&emSilbldisknM obdkdgw dPoba
studi. a ve studidi Kanda et al . (Kanda et a
dev2ti |l idskTmi r interyall 2U stdpuddd §vi § nf2s m@BP gae PGB
bTt dostatelnl k posowmzéem?2 melcihani AKDun®eBMD
model u potkanT. Vzhledem Kk tomu, ge ani nzz.yk
na BMD nebo mechanickou pevnost kost 2, l ze

rizikem pro zdravAERoOskt®en® jgsamtwerrigmtdcuhlsteonrzyy m]

N 8§ mi zjigtnNn® vIisl edksyoudhldeud nsle Ps&Bu dji 0 uAkv n
nezaznamenala negativn?2 vlIiiv PGB na kostn?

zahrnuto 40 jedincT ug2vaj2c2ch PGB d®l e neg
40 zdravl mi [ i dmi . By I-ALP, osfeSkelasinya CRXIsatBMD mar k €
pomoc?2 DXA. Nebyly zjigthDny §g8dn® viznamn® r
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femuru ani gddow®hemzdkighvmarkerech mezi t D
Pacientiz WwPEBvan®nd) neg 24 mNDs2cT, mibblasti ni gg?2
bedern2 p8&8teSe neg pacienti, kteS2 PGB ug?2v
viraznhDj g2 u pacientT mugsk®ho pohlav2 (Akin

Vhag?2 studi. GBP ani PGB mescohvd niivcRkoova | pye vBniviDs ta
povagovat za | ®ky s nigg2m rizikem pro zdr a
RANKL, je mogn® naznalit, ge Wl inek GBP a P
z&8vislT na hormon§lnzm stavwv2zéeabats. neNelz

pohl avn2ch hormonT existuje vygg?z riziko ztr

84 Vlivl evetiracetamu na kost n?z met abol i s

Na modelu orchidektomovanich potkanT bylo z
viznamniD zDbT gel ®h @Mt Nl a. D&§le byl zjigtnnl

ma r kK-BALF, CTX-I a RANKL. Nebyly pozorovs8ny gs§d
vmechani ck® odoBloestt i p okkausstuinevd czgnlaoming®n 2 § e n 2

absol utn2 i relativn2z hodk&tnhy).t Nkao v dtek &inIp o
kterTch byl proveden pouze operaln2?2 Sez byl c

statisticky viznamn® zvIigen2 BMD cel ®ho t NI
zvi gen2uknmagtkrer -BALP, takiomarkeruk ost n2  ICEXSloNelhyly e
zjigtNDny §g8dn® statisticky vI zirskmmp® nmlIBrHyA My
Bylopotvrzenovl znamn® sn2 genwdor ok o gkBFNDUESEAM

Nage visledky jsou v souladu se studi?2 na z\
kter® nebyl zjigtnNn ¢g&8dnlT vIiiv LEV na BMD u my
pod8vs8g§n2 | ®ku (Arvwearstatdi al Kan2i@l44e)t. al , per c
potkanTm po dobu 12 tTdnT neovlivnilo BMD a
2017). NamhNDSeond@hont y BMD jsou tak® sr ov-Neyeretl n® s
al. Jejich visledky naznaluj2, ¢ge LEV Dby moh
d8§vce LEV (koncentrace 122 N 41 Omol /1) by
odol nost trabeskhidlg&gmm® hk agtiinya s®r ov®ho osteo
pod&§n2 vysok® d8§8vky LEV ( konc-#ayeretalc 20082.77 N 6
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V. nagem experimentu byla s®rov§-23m,d25abmEIV/ |
ve skupinhD SHYNs3RE Wdla(188,4- 210,23 Omo)l / ve skupi nl
ORX+LEV, cog |je srovnateln® s vysodMeyed@vkdak®l
nNDkter® studie u lid? naznaluj?2, ¢ge expozice
ug2vaj2c2DmeviDdgRujAEc?2 enzymy (v|etsmB-LEV) n
(hodnotil a s e obl ast kyl |l e, kr | ku stehenn?:
pravdhDpodobnost v Amnemiadised staé opoR®AYY) ( Phabpha
ge u vgech paciemnd?Tv,§ nkt efSenyptSeignlui nza LEV, dc¢
zl epgen? BMD (Phabphal et al ., 2013) . Jinsg
dl ouhodobD | ®| en?2 LEV maj 2 wvygg? rizi ko pok
omezen§, protoge chyb?2 nDdSeSherd vliT&]|hboozz LhEoWd n(oR

al ., 2012). Zaj? mawvm@r TVSleszloevaBk ys tpuSliiree s@me g l§é z
hodnotila u 47 1id®blvalsitvi bEWegat BMBseSena
ug2vsg§n2 tohoto | ®ku. Jejich netgmdiiee n?awrlhuwj en,
denzitu v bedern2 oblasti pSi kr&8§tkodob®m po

dl ouhodob® | ® bND nebyl pozorovsgn ¢g8dnl nega
Vyhodnocen?2 visledkT po jednor aEVm2em rea kv82zcad yn
g8dnl statisticky viznamnl rozd2l|l (Goze¢kezel
dl ouhodob®m&V,u p2rw&m2geL j eden mNs2c ¢givota poi

|l idskim rokTm (Sengupta, 2013) .

V. obou skuping§ch ORX+LEWzar SH&AMe LEVzZhbhygmo® p
mar ker T kostn?2 ukorsmane rie smarpker, cog svhDd| 2

obratu, kterT nemRDlI vlIiiv na mechanickou odol
kostn2ho obratu (BTM), j sou Yd ap ree zneen teuwjneo,t n
monoterapi. LEV po dobu 1 roku nebyly pozor
parametrech (BALP, C-t el opept i d, inzul i nul,p ovdBopreTk , r T sots
parathormon, osteokalcin, 25-hydroxyvitamin D) (Koo et al., 2013). Podobn) v e st udi i
Anwar et al. nebyly zjigtRny §g8dn® vIiznamn®
al ., 2014). Dal g2 studie testovala, zda m§8 s
kosti neg st&bfgvalgpne8tcekdar bamazepi n)2. U pe

gener acko gEo ke sn2gen? $®@aoWPli NP, hluagiami @RX T
LEV doglo ke sn2gen2 ,s® oy TschNdll2ado ns €T Ke n ®
(Hakami et al., 2016).
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LEV je povagovs8§n za hmotGiasatinDetneallt.r,81 20 0 3A)E
vysvDtlit viznamnl absolutn2 a relativn2 pok
skupiny pot kanT SHAM+LEV. Visl edek j e pSel
viznamnl pokles hladiny estradliol@aops8;-pcdgno?

Pal abiyik et al., 2017). Za olek8vanl dTsl e
olek8vat pS2rTstek hmotnosti v dTsledku akum
u lid2z i hlodavdél gkKi myéopbual t, 2gehasmukbojyvi®gt

mohl o bTt zpTlkmbemoysstnv2gremnSij2man® stravy u
Spot Seba krmiva mezi skupinami se viznamnD
zbytky ne¥%plnhD zkonzumovanich granul 2 % p o
SHAM+LEVV porovn8§n?2 se skupinou SHAM.

Dl ouhodob® pod8§vg8§n2 LEV u modelu gonad8l nD
orchidektomii nemRDlo negativn?2 vlIiiv na BMD a
zvigen2 BMD mTge naznalovat dokosit®. pozitivn
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9.Z28v Dr

C2lem disertaln? pr8ce bylo posouzen? vlivu
met abol i smus u hreaeWistah pot kanT

1) Posoudit vIiiv orchidektomie na kostn?2 met
Zjistili j sme ne®abvrehtdekti eomipag opetdkeanT na
tT dnech. U orchidektomovanTcsht aposkacky byl a
sn2gen? BMD v obl ast.i cel ®ho tDNDI a, beder nz

Proveden8 orchidektomie mnDI a&owlti2v: na mechani

Ml adl potkan po proveden® orchidektomi.i mT g ¢

model pro studium osteopenie.

2y Posoudit vIiiv novich antiepileptiak (zonis
levetiracetamu) na kostn? metabolismus u potkanT.
Zonisamid

Po 12 tlTdnech podg§vgn2 ZNS orchidektomovanTr
potkanTm nebyl potvrzen §g8dnl negativn2 viliyv

ani mechanickou odol nost kostn2 tk&8nhn.

DIl ouhodob® pod8vsg§nz mO®8N|I zezhpaadbiaPobaazdrzav?2 Kk

Gabapentin

Po 12 tiTdnech podg§8v§gn?2 GBP potkanTm po pro
viznamnl vzestup mar ker uU kgposn ani? ehtoa Kbtbrr2act hu  pRoAEN
nebyly potvrzeny §8&8dn® chvmazrnkaemrnT® zNebnyyl kzojsitgn
statisticky viznamnlT vlIiv GBP na BMD ani me:«

intaktn2ch potkanT, ani u orchidektomovanTich
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Dl ouhodob® pod8vg&8§n2 GBP | ze hpoevda gsokvaa tz dzraa vm® rik

Pregabalin

Po 12 tiTdnech pod8§8vgn? PGB potkanTm po pro
viznamnl vzestup mar ker u Bkd sot n®czo rohbvr§antou SR/
viznamn® zvigen2 kostn2hgonmagkemnu i siklakt s tcih
Nebyl potvrzenigggnivignamnl vlIiiv PGB na BNMN
odol nost kost? u gonad8lnhD intaktn2ch potkan

Dl ouhodob® pod8vsg8§n2 PGB | ze hpoewda gsokvaa tz dzraa vm® rk

Levetiracetam

Po 12 tTdnech pod8v§8mé prEdoadektok@amyll zj i gt Dr
viznamnl vzest up -BAbPsECTX-+aRANKha) kgeornTad 6t a Kt n2 c h
potkhgTo po 12 tTdnech ug2vgn? LEV namBRSenoc
kostn2ch BAMRrICEX-ITNe byl zj i g tnB BMDva meehanickelw/

odol nost kost? u model u grwumagdtl dn T ng @ kd e keih
Viznamn® zvligen?2 BovDo uc es k®thpoi nt§lxlha mT ge naznal

pozitivn2 vlIiv na vliastnosti kost 2.

Dl ouhodob® pod8vsg8§n2 LEVril ziekhgpve®lazsdkwatzdz avm® Ik
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Abstract

Introduction: Our study aimed to investigate the effect of
zonisamide (ZNS) on bone metabolism in the rat model.
Methods: Eight-week-old rats were divided into four groups.
The sham-operated control group (SHAM) and the control
group after orchidectomy (ORX) received the standard
laboratory diet (SLD). The experimental group after
orchidectomy (ORX+ZNS) and the sham-operated control
group (SHAM+ZNS) received SLD enriched with ZNS for 12
weeks. Bone marker concentrations in serum of receptor
activator of nuclear factor kappa B ligand, PINP, and
osteoprotegerin, and the levels of sclerostin and bone al-
kaline phosphatase in bone homogenate, were measured
using an enzyme-linked immunosorbent assay. Bone min-
eral density (BMD) was measured by dual-energy X-ray
absorptiometry. The femurs were used for biomechanical
testing. Results: We found a statistically significant reduction
in BMD and biomechanical strength 12 weeks after
orchidectomy of the rats (ORX). After ZNS administration to

orchidectomized rats (ORX+ZNS) and the sham-operated
control rats (SHAM+ZNS), there were no statistically signif-
icant changes in BMD, bone turnover markers, or biome-
chanical properties as compared with the ORX group and
SHAM group. Conclusions: The results suggest that ad-
ministration of ZNS to rats exerts no negative effect on BMD,
bone metabolism markers, or biomechanical properties.

© 2023 5. Kanger AG, Basel

Introduction

Epilepsy is the second most common chronic neu-
rological disorder characterized by 2 or 3 recurrent sei-
zures of cerebral origin [1]. Epilepsy affects between 5 and
10 individuals per 1,000 population in developed coun-
tries, which is probably an underestimate due to the
limited professional and diagnostic resources [2, 3.
Antiepileptic drugs (AEDs) are the cornerstone of epi-
lepsy treatment, and this treatment is frequently lifelong
[4]. However, AEDs are prescribed as first-line treatment
also for a variety of non-epileptic conditions as well, in
particular bipolar spectrum disorders and chronic pain
states [5].
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Treatment using most AEDs negatively influences
bone health, which can increase the risk of fracture [6]. It
is estimated that patients with epilepsy have a 2-3 times
greater risk of bone fractures compared with the general
population [7]. The adverse effects of AEDs on bone
health were first reported nearly five decades ago, and,
since then, a growing body of literature indicates that
patients taking AEDs are at increased risk for low bone
mineral density (BMD) and metabolic bone disease,
including changes in bone turnover, osteoporosis, al-
terations in bone quality, and most importantly, fracture
[7, 8]. Traditional AEDs, including phenobarbital, pri-
midone, phenytoin (PHT), and carbamazepine, induce
the hepatic cytochrome P450 (CYP450) enzyme system.
The most plausible mechanism is that the activation of
these hepatic enzyme inducers increases hepatic catab-
olism of 25-hydroxyvitamin D (25-OHD), which leads to
decreased absorption of calcium and hypersecretion of
parathyroid hormone, with an increase in bone resorp-
tion and reduction of BMD. Another mechanism for
bone-mineralization defects may be directly linked to the
harmful effect on bone density of some AEDs, regardless
of the effects of AEDs on hepatic function and 25-OHD
[6,9]. Some studies suggest that also valproate, a CYP450
inhibitor, is associated with reduced BMD and bone loss
[10]. It is still unclear whether the “newer generation”
AEDs that have been introduced into practice over the
last two decades, including gabapentin, lamotrigine,
topiramate (TPM), tiagabine, oxcarbazepine, levetir-
acetam, and zonisamide (ZNS), adversely affect bone
health [11].

ZNS is a benzisoxazole derivative with a unique
chemical structure and is one of the new generations of
AEDS [12]. The mechanism of the effect of ZNS is un-
clear. ZNS has a broad spectrum of action mechanisms
including inhibition of sodium channels, reduction of
T-type calcium channels, reduction in glutamate-
mediated synaptic excitation, and enhanced inhibitory
effects mediated by gamma-aminobutyric acid [13]. ZNS
also weakly alters acetylcholine, dopamine, and serotonin
metabolism and inhibits carbonic anhydrase activity,
although it is uncertain whether these actions contribute
to its clinical efficacy [12]. ZNS has been approved in
Europe as monotherapy for the treatment of partial
seizures in adults with newly-diagnosed epilepsy, and this
agent is also approved in Europe and the USA as ad-
junctive therapy for focal seizures with or without sec-
ondary generalization [14].

To our knowledge, there have been only few studies,
which reported changes in BMD after administration of
ZNS. The first study reported a decrease in BMD at the

2 Pharmacology
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tibial metaphysis and diaphysis after administration of
ZNS in growing rats [15], and the second study showed
results after 13 months of ZNS treatment in drug-naive
epileptic patients [6].

The purpose of our study was to investigate the impact
of ZNS on BMD, bone metabolism markers, and bone
biomechanical properties in rats that were fed on a ZNS-
enriched diet for 12 weeks. We also used the orchid-
ectomized rat model (the model for androgen-deficient
osteoporosis), in which a higher sensitivity can be ex-
pected for the detection of a possible risk of xenobiotics
for bone health.

Methods and Evaluation of Bone Quality

Animal Models

All animals received humane care in accordance with the
guidelines set by the Institutional Animal Use and Care Committee
of Chades University, Prague, Faculty of Medicine in Hradec
Kralove, Czech Republic. The protocol of the experiment was
approved by the same committee. The experiment used eight-
week-old male albino Wistar rats (BioTest sr.o., Konarovice,
Czech Republic). The animals were hosted in groups of 4 in plastic
cages. During the experimental period, the animals were main-
tained in controlled conventional conditions (12 h light and 12 h
dark, temperature 22 + 2°C, air humidity 30-70%). Tap water and
standard laboratory diet (SLD, VELAS, as., Lysa nad Labem,
Czech Republic) or SLD enriched with ZNS were given ad libitum.
Drinking water was available ad libitum. The weights of the rats
were monitored once a week.

Experiment Design

The rats were divided into four groups of 8 animals.

1st group: sham-operated control fed with SLD (SHAM).
2nd group: orchidectomized control fed with SLD (ORX).
3rd group: sham-operated rat fed with SLD enriched with ZNS
(19 mg/25 g of the diet; ZNS, Eisai Ltd.) (SHAM+ZNS).

¢ 4th group: orchidectomized rat fed with SLD enriched with ZNS

(19 mg/25 g of the diet; ZNS, Eisai Ltd.) (ORX+ZNS).

At the beginning of the experiment, 16 rats (ORX and
ORX+ZNS) underwent bilateral orchidectomy under ether an-
esthesia. SHAM underwent only scrotal indsion. On the second
day after operation, ORX+ZNS and SHAM+ZNS began to receive
SLD enriched with ZNS, while ORX and SHAM received only
SLD, both diets ad libitum. After 12 weeks, the animals were
sacrificed by blood withdrawal from the abdominal aorta under
ether anesthesia, and the obtained serum was aliquoted and stored
at -80°C for ensuing biochemical analyses. After sacrifice of the
rats, both femurs were dissected free of soft tissue, wrapped in
gauze moistened with saline, and frozen to —80°C till required for
analysis.

Analysis of Bone Homogenates and Serum

Blood serum levels of ZNS were also determined at the end of
the experiment. Concentrations of ZNS in the samples were de-
termined using a modified method of high-performance liquid
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Color version available online

Fig. 1. Evaluation of BMD in three areas of the rat skeleton.
R1 - lumbar columna (L3-L5); R2 - left femur; R3 - right femur.

chromatography-tandem mass spectrometry. Sample preparation
included protein precipitation and the addition of internal stan-
dard deuterated pregabalin-Ds. The analyte was separated on
column Discovery HS F5 (100 mm x 2.1 mm LD., 5 pm particle
size, Supelco, PA, USA) and detected on Agilent 6490 triple
quadrupole LC/MS system, operating in positive mode at tran-
sitton 213 > 132 for ZNS.

Bone homogenate was prepared from the femur. After an-
imal sacrifice, both femurs were carefully excised; after removal
of all the surrounding skin, muscle, and other soft tissue, they
were stored at —80°C until required. The diaphysis part of the
femur (0.1 g) was disrupted and homogenized by TissueLyser I
(Qiagen, Netherlands). The homogenization consisted of the
following steps. Liquid nitrogen was poured into the grinding
jar over the ball and femur sample, and 0.5 mL of phosphate
buffer was added (PBS, PENTA Prague, Czech Republic). The
femur tissue was ground at 30 Hz for 1 min. After this pro-
cedure, a further 1.5 mL of phosphate buffer was added and
ground at 10 Hz for 15 s. The raw tissue homogenate was
centrifuged at 10,000 ¢ at 4°C for 10 min, and the resulting
supernatant was collected and stored at —80°C.

Levels of the markers sclerostin (SOST) and bone alkaline
phosphatase (BALP) were determined in bone homogenate using
the ELISA method. The level of SOST was determined using kits
from the firm Cloud-Clone Corp., 23603 W. Fernhurst Dr., Unit
2201, Katy, TX 77494, USA (SOST, pg/mL), and the level of BALP
was determined using a kit from the firm BlueGene Biotech,
Shanghai, China (BALP, ng/mL). Bone turnover markers (BTMs)
were analyzed from serum using the ELISA method: amino-
terminal propeptide of procollagen type I (PINP), receptor acti-
vator of nuclear factor kappa B ligand (RANKL), and osteopro-
tegerin (OPG). We used kits from the firm Cloud-Clone Corp.,

Administration of Zonisamide to Rats Has
No Negative Effect on Bone

23603 W. Fernhurst Dr., Unit 2201, Katy, TX 77494, USA (PINP,
ng/mL; RANKL, pg/mL; OPG, pg/mL).

Dual Energy X-Ray Absorptiometry Analysis

The rat BMD (g/cm?) was measured by means of dual energy
X-ray absorptiometry (DEXA) on a Hologic Delphi A device
(Hologic, MA, USA) at the Osteocentre of the Faculty Hospital
Hradec Kralove, Czech Republic. Before measurements, a tissue
calibration scan was performed with the Hologic phantom for
the small animal. BMD of the whole body, in the lumbar
vertebrae, and in both femurs (Fig. 1), and the total lean and fat
masses were evaluated by computer using the appropriate
software program for small animals (DEXA; QDR-4500A Elite;
Hologic, Waltham, MA, USA). All animals were scanned by the
same operator.

Biomechanical Testing Procedure

Mechanical testing of the rat femoral shaft and femoral neck
was done with a spedal electromechanical custom-made testing
machine (Martin Kosek and Pavel Trnecka, Hradec Kralove,
Czech Republic) according to our methods described in a previous
report [16]. For the three-point bending test, the femur or tibia was
placed on a holding device with the two support points 18 mm
apart. A small stabilizing preload of 10 N was used to fix the bone
between the contacts. A constant deformation rate of 6 mm/min
was generated until maximal load failure, and the breaking
strength (maximum load, N) was recorded. When the bone was
broken, the thickness of the cortical part of the bone was measured
by means of a sliding micrometer (OXFORD 0-25 mm 30DEG
POINTED MICROMETER, Victoria Works, Leicester, Great
Britain). The proximal part of the femur was used for the com-
pression test of the femoral neck. The diaphysis of the bone was
embedded into a container using a methacrylate resin, and a
vertical load was applied to the top of the femoral head. A small
stabilizing preload to 10 N was applied and increased at a constant
speed of 6 mm/min until failure of the femoral neck. The breaking
strength (maximum load, N) was recorded by the measuring unit
(Digitalanzeiger 9180, Burster prazisionsmesstechnik gmbh and co
kg, Gernsbach, Germany). All bones were analyzed by the same
operator.

Statistical Analysis

Statistical analysis was performed using the program NCSS
2007 (Number Cruncher Statistical System, Kaysville, UT, USA).
The results of all measurements made after 12 weeks of the
experiment are presented as the mean and standard deviation.
Comparison of the parameters under study employed an analysis
of variance with post hoc multiple comparison by Fisher’s LSD
test and Kruskal-Wallis non-parametrical analysis of variance
with post hoc multiple comparison by Dunn’s test (with Bon-
ferroni’s modifications). Differences were considered significant
at p < 0.05.

Results
Body Weight and Composition and Tissue Weights

The weights of the ORX group, the ORX+ZNS group,
and the SHAM+ZNS group were decreased, but
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Table 1. Weight, fat mass, and serum ZNS concentration at the end of the experiment

Parameter SHAM ORX ORX+ZNS SHAM+ZNS
Final body weight, g 475+53.56 436+40.20 440+36.32 453+40.85
Fat, g 56.54+14.61 63.28+10.87 56.08+11.47 45.83+9.50
Fat, % 14.76+3.36 17.36+2.82 15.3643.63 12.514£2.56
Lean body mass, g 325.81+38.93 301.63+23.62 31259+34.18 321.94+33.52
Serum drug concentration, mg/L - - 24004317 25.13+1.82

Data are expressed as mean/standard deviation.

statistically insignificantly versus the SHAM group. After
12 weeks of ZNS administration, there was no significant
increase in weight of the ORX+ZNS group in comparison
with the ORX group. There was no significant decrease in
weight of the SHAM+ZNS group versus the SHAM
group. DXA revealed that the ORX+ZNS group showed
insignificantly increased lean body mass (g) and de-
creased fat mass (%) versus the ORX group. In the
SHAM+ZNS group, there was no significant decrease in
lean body mass (g) or in fat mass (%) versus the SHAM
group. The concentration of ZNS corresponded to the
human therapeutic level of the drug (10-40 mg/L)
(Table 1).

Level of Bone Markers

Levels of bone markers from specimens of the femur
and in serum were measured to assess the effects of
orchidectomy and treatment with ZNS on bone turnover.
There were no statistically significant changes in levels of
bone markers between the ORX group versus the SHAM
group, the ORX group versus the ORX+ZNS group, or the
SHAM+ZNS group versus the SHAM group. ZNS ad-
ministration for 12 weeks caused no statistically signifi-
cant changes in SOST, BALP, RANKL, PINP, or OPG
(Table 2).

Dual Energy X-Ray Absorptiometry

BMD was determined by dual-energy X-ray absorp-
tiometry after 12 weeks of ZNS administration. In the
ORX group, a statistically significant decrease in the BMD
of the whole body was demonstrated and also in the area
of both femurs and the lumbar vertebrae versus the
SHAM group. In the ORX+ZNS group, no statistically
significant difference was observed in the BMD in the
areas of the whole body, lumbar vertebrae, or either femur
versus the ORX group. In the SHAM+ZNS group, no
statistically significant difference was observed in BMD in
the areas of the whole body, lumbar vertebrae, or either
femur versus the SHAM group (Table 3; Fig. 2).

4 Pharmacology
DOIL: 10.1159/000529970

Biomechanical Properties

After orchidectomy of the rats, we found a significant
reduction in biomechanical strength in the ORX group
versus the SHAM group. After ZNS administration for 12
weeks, there was no statistically significant difference in
biomechanical parameters between the ORX+ZNS group
versus the ORX group, nor between the SHAM+ZNS
group and the SHAM group (Table 4; Fig. 3).

Discussion

Decreased BMD, the most significant predictor of
fracture risk, has been observed in patients using “older
generation” AEDs, particularly inducers of cyto-
chrome p450 (CYP450) enzymes such as carbamaze-
pine, PHT, phenobarbital, and primidone [11].
Patients treated with the newer non-enzyme-inducing
AEDs are less likely to have a diagnosis of osteoporosis
[17]. Most of the studies on AEDs have been cross-
sectional. There are only a few longitudinal studies
with newer AEDs and their effect on bone. Data for
ZNS are scarce. Monitoring of bone quality is prob-
lematic in humans since the results of studies may be
affected by physical activity, diet, seizure frequency,
differences in baseline BMD amongst subjects, and
past intake of other AEDs. By contrast, the animal
model provides a system which isisolated from disease,
lifestyle, drugs, and other confounding factors.

In this longitudinal study, orchidectomy of rats led
to significant reduction in BMD and biomechanical
strength. These results confirm the findings from
previous studies in rats that deficiency of androgens
negatively affects body composition and establishes
these animals as suitable models for investigating an-
drogenic modulation of body composition [18]. These
changes were not demonstrated in the ORX+ZNS
group compared with the ORX group or in the
SHAM+ZNS group versus the SHAM group. Evidence
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Table 2. Levels of bone markers

Parameter SHAM ORX ORX+ZNS SHAM+ZNS
SOST, pg/mL 34865+13668 685+351.82 64920418458 51744434767
BALP, ng/mL 2.7240.78 297+1.43 3.20+039 2.75+0.35
RANKL, pg/mL 23097+165.52 169.76+£115.69 32523+206.76 38764+16848
PINP, ng/mL 65.92+25.99 93.65+40.99 91.48+43.79 50.93+27.42
OPG, pg/mL 566.29+21050 49560+140.92 403.03+86.77 441.06+46.81
Data are expressed as mean/standard deviation.
Table 3. Comparison of values from
DXA analysis Parameter SHAM ORX ORX+ZNS SHAM+ZNS
Whole body
BMD, g/cm? 0.169+0.012 0.153+0.007* 0.153+0.006 0.169+0.012
Diaphysis right femur
BMD, g/cm? 0.174+0.013 0.155+0.007* 0.158+0.008 017110013
Diaphysis left femur
BMD, g)’cm2 0.176+0.015 0.161+0.007* 0.161+0.010 0.176+0.011
Lumbar column (L3-L5)
BMD, g/cm? 0.205+0.017 0.176+0.012% 0.177+0.007 0201+0012
Data are expressed as mean/standard deviation. *p < 0.05 against SHAM.
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Table 4. Biomechanical and geometric parameters of rat right and left femurs

Parameter SHAM ORX ORX+ZNS SHAM+ZNS
LF length, mm 36.82+1.48 35.72+0.76 35.91+1.49 3643+£0.71
RF length, mm 36.55+0.61 35.40£0.71% 35.41+1.44 36.10+£0.75
LF diameter, mm 3.60+0.14 3.25+0.14% 3.20+0.18 3.48+0.21

RF diameter, mm 3.51+£0.13 3.19+0.18 3.22+0.22 3.35+0.24
Cortical LF thickness, mm 0.68+0.05 0.64+0.06 0.59+0.04 0.68+0.04
Cortical RF thickness, mm 0.67+0.06 0.63+0.04 0.59+0.04 0.625+0.03
Maximal load of the left femoral shaft, N 202.38+24.96 161.38+13.52% 170.75£19.22 190.75+22.71
Maximal load of the right femoral shaft, N 219.75+21.23 186.75+18.23* 186.00+15.35 208.5+19.81
Maximal load of the left femoral neck, N 149.86+28.26 147.29+19.58 1322542345 134.13+£24.17
Maximal load of the right femoral neck, N 146.88+35.49 149.88+22.73 152.38+422.12 151.63+24.12

Data are expressed as mean/standard deviation. *p < 0.05 against SHAM.

relating to the effect of ZNS on BMD and bone
metabolism is limited.

So far, there are only few and conflicting data reported in
the literature on this topic [6, 15]. In a previous study,
subcutaneous administration of ZNS at a dose of 80 mg/kg
per day for 5 weeks significantly decreased BMD at the tibial
metaphysis and the diaphysis in the rat model. The results
suggest that ZNS may cause bone loss in the animal model
[15]. Contrary to the previous results, in our study there was
no negative effect of ZNS on BMD. At the end of the present
experiment, the level of ZNS in the ORX+ZNS group was
2400 mg/L and in the SHAM+ZNS group was 25.13 mg/L,
which is equivalent to therapeutic levels of the drug
(10-40 mg/L). There is limited validity in comparing results
between the two studies because we don’t know the serum
concentration of ZNS in the different studies. In the liter-
ature, AEDs have been described as having a biphasic effect
on bone in a dose-dependent manner. Reduced biome-
chanical strength of trabecular bone and reduced levels of
serum osteocalcin, a marker of bone formation, were ob-
served after low dose levetiracetam (concentration 122 +
41 pmol/L), but not by high dose levetiracetam (concen-
tration 277 + 65 umol/L) [19]. Also known is a dose-
dependent effect of PHT. While therapeutic doses of
PHT are associated with accelerated loss of BMD, low doses
of this drug have an osteogenic effect [20]. Therefore, it
cannot be excluded that also ZNS can affect the bone in a
dose-dependent manner. In the present study, these results
are consistent with the human study by Koo et al. [6]. They
investigated the effects of ZNS on BMD and biomarkers of
bone metabolism after 13 months of treatment in drug-
naive epileptic patients. ZNS monotherapy has no definite
harmful effects on bone health [6]. We also examined the
impact of ZNS on bone mechanical characteristics. After
orchidectomy of the rats, we found a significant reduction in

6 Pharmacology
DOL: 10.1159/000529970

biomechanical strength in the ORX group (the model for
androgen-deficient osteoporosis) versus the SHAM group.
We observed that after 12 weeks of ZNS administration,
there was no statistically significant difference in biome-
chanical and geometric parameters between the ORX+ZNS
group and the ORX group, or between the SHAM+ZNS
group and the SHAM group. The results of this study
suggest that ZNS does not negatively influence bone
strength. The study by Koo et al. [6] also presents that ZNS
monotherapy does not negatively influence bone meta-
bolism or bone strength.

The mechanism of the effect of ZNS on bones is still
unclear. ZNS is weakly carbonic anhydrase inhibitor,
resulting in renal acidosis there may be secondary ab-
normalities on bone [21]. Acidosis affects osteoclast
formation by enhancing cell adhesion and migration and
stimulates osteoclast function [22]. TPM as well as ZNS is
a carbonic anhydrase inhibitor [21]. In our previous
study, in the setting of gonadal insufficiency, we dem-
onstrated that TPM monotherapy over 12 weeks had a
negative effect on whole body and femur BMD and bone
mineral content, and reduced the mechanical strength of
bone [23]. There are also other findings, which support
the risk of TPM for bone tissue, namely, abnormal BMD
after therapy [24, 25]. One possible explanation for these
effects is the fact that this molecule inhibits carbonic
anhydrase, which can promote metabolic acidosis and,
consequently, lead to a decrease in mineral content of
bones. However, one cannot exclude other mechanisms
of action or a potential direct effect of the drug in bone
cells, though there are no reports about this issue [26].

In a previous study by Takahashi et al. [15], chronic
treatment with ZNS significantly increased the serum level
of pyridinoline, a marker of bone resorption, while the
serum level of osteocalcin, a marker of bone formation, was
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Fig. 3. Biomechanical and
geometric parameters of rat
right and left femurs. Data
are expressed as box plots:
median (25th, 75th percen-
tiles) and mean.
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not affected. The findings suggest that ZNS may cause bone
loss in rats’ model by accelerating bone resorption rather
than inhibiting bone formation. However, in another
human study, bone formation markers (bone-specific ALP
and osteocalcin) and bone resorption marker (C-telo-
peptide) were not significantly changed after 13 months of
ZNS treatment [6]. We determined several bone formation
and bone resorption markers in this study. The OPG, as a
soluble receptor, binds to the RANKL. RANKL is produced
by osteoblastic lineage cells and promotes osteoclast acti-
vation, leading to enhanced bone resorption and bone loss
[27]. OPG is secreted by osteoblastic cells and prevents the
interaction of RANKL with its receptor RANK and sub-
sequent stimulation of osteoclast development [27]. BALP
is localized in the membranes of osteoblasts, from which it
is realized into the serum during their activation [28]. The
concentration of BALP reflects the cellular activity of os-
teoblasts. SOST is produced by osteocytes and inhibits
osteoblast differentiation and bone formation via the Wnt
signaling pathway [29]. Wnt signaling is crucial to both
bone development and the regulation of bone mass. Wnt
signaling in bone leads to osteoblast differentiation, pro-
liferation, function, and survival, and hence to increased
bone mass [30]. PINP is synthesized by osteoblasts in the
form of pre-procollagen. The serum concentration of PINP
reflects changes in the synthesis of new collagen, both by
osteoblasts in bone and by fibroblasts in other connective
tissues [31].

Our data suggest that chronic treatment of gonadally
intact rats and the orchidectomized rats with ZNS for
12 weeks have negative statistically significant effect on
bone formation markers and bone resorption markers.
BTMs may be useful in clinical trials and frequently
provide valuable information on the efficacy of oste-
oporosis treatments. BTMs do not control skeletal
metabolism and are not disease specific; they reflect the
entire skeleton regardless of the underlying cause. The
use of BTMs to select risk of fractures is not routinely
recommended, partly due to their large degree of bi-
ological variability. Currently, as the gold standard for
estimation of BMD, the WHO recommends the DEXA
scan [32].

In conclusion, the experimental results from this
study suggest that the long-term administration of
ZNS in either orchidectomized rats or gonadally intact
rats exerts no negative effect on BMD, bone meta-
bolism markers, or biomechanical properties. There
are several limitations that should be considered in
evaluating the present study. First, the sample size was
small; although statistical significance is evident, the
capacity to identify a small effect is limited. Second,

8 Pharmacology
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behavioral activity was neither controlled nor assessed.
Further studies in animals and humans will be needed
to confirm these findings.
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Background: There are limited data on the effects of GBP onbone and no data for PGB. Some data suggest
that there is a significant influence of sex hormone balance on the susceptibility of bone to antiepileptic
drug-induced bone loss.
Methods: Forty-eight male Wistar rats were divided into six groups that were subjected to two surgeries,
sham (noORX) or real orchidectomy (ORX), and were fed three diets, a SLD, a SLD enriched with GBP or a
SLD enriched with PGB. Dual energy X-ray absorptiometry was used to measure the bone mineral density.
The concentrations of bone turnover markers were assayed. The femurs were biomechanically tested.
Results: Significant reductions in bone mineral density, weight and biomechanical strength were
observed in ORX animals. GBP or PGB exposure did not cause significant alterations in bone mineral
density or biomechanical strength. No changes in bone turnover markers were observed, except for
RANKL. A significant increase was found in the ORX GBP and ORX PGB groups. Within the
orchidectomized animal group, RANKL levels were significantly higher in the ORX PGB group than in
the ORX GBP group.
Conclusions: Because neither GBP nor PGB affected bone mineral density or mechanical bone strength,
both of these antiepileptic drugs could be considered drugs with lower risks to bone health. A shift in
RANKL levels indicates that the effects of GBP and PGB on osteoclast activity may be dependent on the
hormonal status of animals.
© 2019 Maj Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier B.V. All rights
reserved.

Introduction

antiepileptic drugs (AEDs) in the pathogenesis of osteopenia has
been highlighted in some studies, mostly of which have showed

There is a high prevalence of abnormally low bone mineral
density (BMD), exceeding 50%, among patients with epilepsy.
[1,2] Osteopenia and osteoporosis are found in 37-75% and 12-
25% of these patients, respectively [1-4]. The important role of

Abbreviations: AEDs, antiepileptic drugs; BALF, bone alkaline phosphatase;
BMD, bone mineral density; BTM, bone turnover markers; DEXA, dual energy X-ray
absorptiometry; EIAEDs, enzyme-inducing AEDs; GBPF, gabapentin; LEV, levetir-
acetam; LTG, lamotrgine; noORX, gonadally intact; OPG, osteoprotegerin; ORX,
orchidectomized; PGB, pregabalin; PINF, amino-terminal propeptide of procollagen
type I; PHT, phenytoin; RANKL, receptor activator of nuclear factor-kappa B ligand;
5LD, standard laboratory diet; SCL, sclerostin; TPM, topiramate; VPA, valproate.

* Corresponding author.
E-mail address: simko.julius@gmail.com (J. Simko ).

http: ({dx.doi.org/10.1016(j.pharep.2015.08.004

the negative effects of enzyme-inducing AEDs (EIAEDs) on bone
health. [5,6,7] However, the adverse effects of AEDs have been
questioned because of other studies with conflicting results, in
which bone loss was attributed more to lifestyle or perceived as
a marker of poorer health rather than being seen as a
consequence of epilepsy treatment [8]. The inconsistencies in
the results of the available studies may be caused by
methodological issues, as most of the studies had a cross-
sectional design and did not consider factors that have an equal
oreven greater impact on BMD than AED therapy (e.g., physical
activity, sunlight exposure, vitamin D levels, calcium and
vitamin D food intake) [4,9-11]. Limited prospective data are
available, and because of this, the effect of new AEDs on bone is
still unknown.

1734-1140/@ 2019 Maj Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier B.V. All rights reserved.
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Gabapentinoids (e.g., pregabalin (PGB) and gabapentin (GBP))
are increasingly used because of their indications for epilepsy
treatment, neuropathic pain and some psychiatric disorders. [12]
The risk of GBP on bone health was reflected in a large prospective
study showing the association between GBP and bone loss [8].
Additionally, an increased risk of nontraumatic bone fractures was
found in a large population-based pharmacoepidemiological study
of older adults. [13] Furthermore, GBP-induced rarefaction of
cancellous bone was reported in an animal study. [14] In contrast
to these findings, another retrospective cohort study did not find a
reduction in BMD in those exposed to GBP. [15] For PGB, there is a
lack of data on its effect on bone health.

In an orchidectomized rat model, we showed that some new
AEDs may significantly reduce BMD and impair mechanical bone
strength. [16-18] However, this negative effect was not observed in
gonadally intact animals. [19,20]

In the current study, gonadally intact animals and orchid-
ectomized animals were exposed to GBP or PGB to determine
whether the impact of GBP and PGB on bone may be dependent on
hormonal status in animals.

Materials and methods
Animals

The experiment used 24 eight-week-old male albino Wistarrats
(Biotest s.r.o., Konarovice, Czech Republic). The animals were
housed in groups of 4 in plastic cages. During the experimental
period, the animals were maintained in conventional controlled
conditions (12 h light and 12 h dark, temperature 22 + 2°C, air
humidity 30-70%). Tap water and a standard laboratory diet (SLD;
VELAS, a.s., Lysa nad Labem, Czech Republic) or a SLD enriched with
GBP (224 mg/100 g) or PGB (48 mg 100 g) were given ad libitum.
Drinking water was available ad libitum. The weights of the rats
were monitored once a week. All animals received humane care in
accordance with the guidelines set by the Institutional Animal Use
and Care Committee of Charles University, Faculty of Medicine,
Hradec Kralove, Czech Republic. The protocol of the experiment
was approved by the same committee.

Experimental design

The rats were randomly divided into six groups. There were two
control groups: the 1 st group was a sham-operated control group
(control noORX), and the 2nd control group received an orchidec-
tomy (control ORX); both received the standard laboratory diet
(SLD). There were four experimental groups: the 3rd group
received an orchidectomy (ORX GBP), and the 4th comprised
gonadally intact animals (noORX GBP); both received a SLD
enriched with GBP. The 5th group received an orchidectomy (ORX
PGB), and the 6th comprised gonadally intact animals (noORX
PGB); both received a SLD enriched with PGB. After 12 weeks, the
animals were sacrificed by blood withdrawal from the abdominal
aorta under ether anesthesia, and the obtained serum was
aliquoted and stored at —80°C for biochemical analyses. After
sacrificing the rats, both the tibiae and femurs were dissected free
of soft tissue, wrapped in gauze moistened with saline and frozen
at —80°C until required for analysis.

Analysis of serum and bone homogenates

The blood serum levels of osteoprotegerin (OPG) and receptor
activator of nuclear factor-kappa B ligand (RANKL) were deter-
mined as described previously. [19] The amino-terminal propep-
tide of procollagen type I (PINP), sclerostin (SCL), and bone alkaline

phosphatase (BALP) markers were analyzed in bone homogenates
according to a method described previously. [19]

The blood serum levels of GBP and PGB were determined in the
middle and at the end of the experiment. The concentrations of
GBP and PGB in the samples were determined using a modified
high-performance liquid chromatography-tandem mass spec-
trometry method. [21] The sample preparation utilized protein
precipitation and the addition of the internal standard deuterated
pregabalin-d6. The analytes were separated on a Discovery HS F5
column (100mm x 2,1 mm LD, 5 pm particle size, Supelco, PA,
USA) and detected with an Agilent 6490 triple quadrupole LC/MS
system operating in positive mode at a transition of 172.2 > 154.1
for GBP and 160.2 =55.1 for PGB.

Dual energy X-ray absorptiometry analysis

The BMD of the whole body, the lumbar vertebrae, and both
femurs (BMD, g/cm2) were measured using dual energy X-ray
absorptiometry (DEXA) on a Hologic Delphi A device (Hologic, MA,
USA) at the Osteocenter of the University Hospital, Hradec Kralove,
Czech Republic, as previously described. [19]

Biomechanical testing procedure

Mechanical testing of the rat femoral shaft and femoral neck
was performed with a specially custom-made electromechanical
testing machine (Martin Kosek & Pavel Trnecka, Hradec Kralove,
Czech Republic) according to our previously described method.
[19,22]

Statistical analysis

The data were statistically processed with R software version
34 (R Development Core Team, R Foundation for Statistical
Computing, Vienna, Austria; available online at http://www.R-
projectorg() [23] using the “nortest” package. Based on the
Anderson-Darling test for normality and Bartlett's test of variances,
ANOVA or the Kruskal-Wallis rank sum test were used for the
comparisons of the six groups (Control noORX, Control ORX, GBP
noORX, GBP ORX, PGB noORX and PGB ORX). In cases of significant
differences, we performed multiple Student’s t-tests or Wilcoxon
rank sum tests, as was appropriate. The resulting p-values were
adjusted using the Holm-Bonferroni test for multiple comparisons.
[24] The results were considered to be statistically significant
when the probability level (p) was below an alpha level of 0.05.

Results

Significant reductions in the final weight, BMD and biomechan-
ical strength were observed in orchidectomized rats in our study.
However, GBP or PGB exposure (for the serum concentrations, see
Table 1) did not produce any significant alterations in BMD or
biomechanical strength in either gonadally intact or orchid-
ectomized animals (Tables 2 and 3).

No changes in bone turnover markers were observed except for
RANKL and sclerostin. A highly significant increase in RANKL was
shown in GBP- (p =0.0004) and PGB-exposed (p =0.0001) orchid-
ectomized rats (Table 4, Fig. 1) in comparison with that in the
Control ORX group. In gonadally intact animals, no increase in
RANKL was found in the GBP-exposed group. In the PGB-exposed
group, the increase in this marker showed borderline significance
(p=0.07) (Table 4). Within the group of gonadally intact animals,
the RANKL levels were significantly higher in the PGB-exposed
group compared to that in GBP-exposed animals (Table 4 and
Fig. 1). Sclerostin (SCL) was significantly increased only in the PGB
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Table 1
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Serum gabapentin and pregabalin concentrations after 90 days of drug administration,

1215

Parameter GBFP ORX GEBP no0ORX PGE ORX PGB noORX Control ORX Control noORX
n=38 n=8 n=8 n=8

Serum dmg concentration (mg /L) 7.8 89 4.8 39 Mot available Mot available
(7.0-84) (B5-0.6) (45-5.0) (3.6-43)

Data are expressed as the median (25th-75th percentile ). The current reference range of GBP and PGB for human therapeutic use is 2-20mg/l and 2-8 mg/l, respectively, Then
the plasmatic concentrations of both drugs in our experiment correspond to the human therapeutic levels. [25]

Table 2
Effect of gabapentin and pregabalin on bone densitometric parameters in comparison with those in the control groups,
Parameter GEP ORX GEF no0ORX PGB ORX PGB noORX Control ORX Control noDRX
n=8 n=8§ n=7 n=8 n=16 n=15

(for weight, n=8)

(for weight, n=16)

‘Whole body final weight (g)

4465 (427.5; 475)

4B45 (468.8; 5285)

475 (416.2; 441.3)"

4B6.5 (478.5; 516)

4675 (430.5; 492)

512.5(475.5; 524.3)

Whole body 0157 0171 0159 0178 0153 0.167
BMD (0.155; 0.159)° (017; 0.174) (0.153; 0.161)** (0.171; 0.180) (0.151; 0.159)° (0:160; 0.173)
(gfcm2)

Diaphysis right femur 0159 0175 0153 0177 0163 018
BMD (gfcm2) (0.153; 0.167)" (017; 0.18) (0.151; 0161) (0.169; 0.182) (0.152; 0.170)" (0:171; 0.187)

Diaphysis left femur 0165 0178 0157 0178 0.164 0.184
BMD (gfcm2) (0.158; 0.174) (0.165; 0.184) (0.154; 0.161)** (0.173; 0.180) (0.152; 0.168)* (0.169; 0.186)

Lumbar column (13-L5) 0174 0203 0181 0214 0186 0.207
(gfcm2) (0.172; 0.184)*" (0197; 0209) (0.177; 0.186)"* (0.207; 0220) (0.174; 0.192)* (0:194; 0.221)

Data are expressed as the median (25th-75th percentile). BMD - bone mineral density. The indicated statistical significances (*p < 0.05, ** p< 0,01 result from a Wilcoxon
rank sum test or a t-test with a pooled standard deviation between two groups differing in terms of orchidectomy (real or sham) but with the same diet. All tests were
controlled for multiple comparisons,

Table 3
Effects of gabapentin and pregabalin on bone biomechanical parameters {maximal load; see Methods).

Parameter GBP ORX GBP noORX PGB ORX PGB noORX Control ORX Control noORX

n=8 n=§ n=8 n=8 n=16 n=16
Maximal load of the LF shaft (N) 181 n 172 212 168 192

(176: 184) (191; 227) (158; 184)* (198; 217) (155; 185) (182; 213)
Maximal load of the RF shaft (N) 197 239 198 218 191 219

(191; 206) (220; 245) (181; 204) (204; 240) (180; 212)* (207; 233)
Maximal load of the LF neck (N) 138 162 145 155 143 146

(119; 143) (153; 173) (124; 159) (131;158) (121; 153) (107; 160)
Maximal load of the RF neck (N) 147 163 158 159 139 139

(128; 158) (153; 172) (141; 181) (145; 182) (130; 159) (129; 158)

Data are expressed as the median ( 25th-75th percentile). LF — leftfemur; RF — right femur. The indicated statistical significance ( *p < 0.05) results from a Wilcoxon rank sum
test or a t-test with a pooled standard deviation between two groups that differ in terms of orchidectomy ( real or sham) but with the same diet. All tests were controlled for
multiple comparisons.

Table 4
Levels of bone markers.

Parameter GEP ORX GEP noDRX PGE ORX PGB noORX ORX Control noORX Control

n=8 n=8 n=8 n=§ n=16 n=16
BALP (ng/ml) 2787 2732 3114 2752 2886 2.639

(2.537; 3236) (2.039; 2.857) (2.654; 3.176) (2.621; 3.048) (1634; 4187) (2143; 2992)
PINP (pg/ml) 83642 80132 126.464 87.503 89.96 71708

(36432; 150.333) (54.333; 108.388) (81.536; 166.128) (55.211; 96.453) (58721; 121901) (43.276; B4344)
Sclerostin ( pg/ml) 554.5 327106 BB2344 T07.478 483066 40468

(459.028; 662.663)  (207.923; 449.312)  (463.283; 1343.332) (520.254; 1037.059)+  (322.668; 626232)  (289.429; 519,098)
RANKL (pg/ml) 576175 3093 598175 546.775 337816 395358

(466; 705.925)+++ (255.45; 379.062)°  (551663; T09.563)+++  (473.312;652.05) (174.65; 397.533) (301.137; 438.644)
OPG (ng/ml) 4845 61.075 415.825 4818 46025 450,825

(418.5; 517.475) (567.975; 674.35) (391.6; 428.612) (428.6; 544.4) (411.113; 523.55) (439.387; 693.187)

Data are expressed as the median (25th-75th percentile). BALP — bone alkaline phosphatase; PINP — amino-terminal propeptide of procollagen type L; RANKL — receptor
activator of NF-kB ligand; OPG — osteoprotegerin; The indicated statistical significance (*p < 0.05) results from a Wilcoxon rank sum test or a t-test with a pooled standard
deviation between two groups that differ in terms of orchidectomy (real or sham) but with the same diet (*p = 0,05 ), in terms of diet {AED ORX vs. Control ORX: + p < 0,001, ++
+p < 0.001) or in terms of the AED used (GBP noORX vs. PGP noQRX: “p < 0.05). All tests were controlled for multiple comparisons.
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Fig.1. Distribution of RANKL among subgroups of animals. Fordetails and significant differences, see Table 4, Inthe plot, the lower and upper hinges (first and third quartiles)
surround the median of the subgroup RANKL distribution. The whiskers extend to the largest or smallest values and are no larger than 1.5 times the distance between the first
and third quartiles. The dots representing individual values were jittered to avoid overlapping.

group in gonadally intact animals when compared to that in the
Control noORX group (p=0.02) (Table 4).

Discussion

Significant reductions in body weight, BMD and biomechanical
strength were observed in orchidectomized rats in our study.
However, neither GBP nor PGB exposure resulted in significant
alterations in BMD or biomechanical strength in either gonadally
intact or orchidectomized animals. No changes in bone tumover
markers were observed except for RANKL, a marker reflecting
osteoclast activity. Highly significant increases in this marker were
found in GBP- and PGB-exposed orchidectomized rats. In gonadally
intact animals, an increase in RANKL showed borderline signifi-
cance in the PGB-exposed group, and no significant change was
observed in the GBP-exposed group. Within the group of orchid-
ectomized animals, the RANKL levels were significantly higher in
the PGB-exposed group than in GBP-exposed animals. No evidence
for the effects of PGB on bone metabolism was found, and thus
there are no data that can support broader discussion. In the case of
GBP, our findings agree with the study by Kanda et al. [14] showing
no significant alterations in BMD, mechanical bone strength or
bone markers in animals exposed to lower doses of GBP (30 mg/
kg). Unfortunately, the serum levels of GBP were not changed in
this study. In our study, the serum levels of GBP were relatively low.
The median and interquartile ranges of the GBP serum levels in
gonadally intact and orchidectomized rats were 8.9 (8.5-9.6) ml/L
and 7.8 (7.0-8.4) ml/L, respectively. Based on the pharmacokinetic
data obtained after the oral administration of GBP, [26] we can
presume that the GBP levels observed in our study were not higher
than those reached after the administration of GBP orally at a
dosage of 30 mg/kg and that exposure was comparable in both
studies. The effect of GBP on bone is probably dose-dependent.
Exposure to higher doses of GBP (150 mg/kg) led to significant
reductions in osteocalcin (a marker of bone formation) and
increases in tartrate-resistant acid phosphatase 5b (a marker of
bone resorption). BMD and mechanical bone strength were not
affected in this study, but histomorphometric analyses showed
negative changes, including decreases in bone wvolume, osteoid

volume, and mineralizing surface area and increases in trabecular
separation and osteoclast surface area and number. [14]

Based on the evidence from the literature, the dose-dependent
effects of AEDs on bone metabolism should not be exceptional.
While therapeutic doses of phenytoin (PHT) were associated with
the accelerated reduction of BMD, [2728] low PHT doses were
inversely related to osteogenic effects [29].

Our results that show a shift in RANKL levels indicate that the
risk of the negative effects of GBP or PGB on bone may be
dependent on the hormonal status of animals. Sex hormone
deficiency has deleterious effects on bone tissue. Although the
underlying mechanisms of the negative effect of GBP and PGB on
bone are unclear, it is probable that bone sensitivity to this kind of
negative effect would be more pronounced in sex hormone-
deficient subjects, and this would be similar to the effects of other
medications with a well-known negative impact on bone health.
[30] The orchidectomized model has already been used to study
BMD, mechanical strength, and bone turnover markers after
exposure to topiramate (TPM), lamotrigine (LTG), levetiracetam
(LEV), and lacosamide. [16,18] It seems that LTG and TPM exposure
in sex hormone-deficient animals may increase risk, since not only
decreased BMD but also reduced mechanical bone strength were
associated with LTG and TPM exposure in these animals [18]. This
negative effect was not observed in gonadally intact animals.
[19,20] Similarly, one recent study demonstrated that after
exposure to valproate (VPA), carbamazepine and LEV, there was
more pronounced bone loss in ovariectomized rats compared to
normal rats. [31] To date, there are no data on the effects of
gabapentinoids on sclerostin levels. In our study, we observed a
borderline significant increase in sclerostin in the PGB group in
gonadally intact animals. Sclerostin is an important paracrine
regulator of bone mass and may have catabolic effects through
inhibiting osteoblast function while stimulating osteoclast func-
tion. [32] However, in our study, the change in sclerostin level was
not associated with significant changes in BMD or mechanical bone
strength. For GBP and PGB, unfortunately, there are no data in the
literature on their effects on the bone markers measured in this
study. We can only speculate that the changes in both biochemical
markers mentioned above precede later changes in BMD and
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biomechanical bone strength. Generally, exposure to EIAEDs leads
to acceleration of bone turnover. Data for VPA and new AEDs are
conflicting, scarce, or missing. [33] DEXA is considered the most
reliable diagnostic tool for primary osteoporosis. [34] However,
estimating the risk of fracture in patients with epilepsy based
solely on BMD is inaccurate. A meta-analysis assessing the effects
of epilepsy on fracture risk showed that the deficit in BMD in
patients with epilepsy was too small to explain the observed
increase in fracture risk. [35] The remainder of the increase in
fracture risk may be linked to other factors, such as seizures or
impaired bone quality [14,27,35]. Because of the inconsistency in
the effects of ADE on bone turnover markers and the poor or
nonexistent correlation between BMD and the mechanical
strength of bone, histomorphometric bone analysis is one of the
relevant diagnostic tools for the proper and comprehensive
estimation of the risk of antiepileptics to bone health. [14,27]

It is questionable whether 12 weeks of exposure is sufficient to
produce additional changes in BMD or mechanical bone strength.
Kanda et al. [14] considered this interval too short and discussed it
as one of the limitations of their study. However, based on data
from Sengupta, [36] one month of animal life is approximately
equivalent to three human years. The follow-up time in our study
and in Kanda et al. [14] was, therefore, comparable to approxi-
mately nine human years. Prospective human studies have shown
significant reductions in BMD after only 6 and 12 months of
exposure to EIAEDs, specifically carbamazepine and PHT. [28,37]
Thus, wedetermined that a 12-weekinterval of exposure should be
sufficient to assess the influence of AEDs on BMD or mechanical
bone strength using a rat model.

As neither low nor high doses of GBP affected BMD or
mechanical bone strength, GBP could be considered a drug with
a lower risk to bone health compared to EIAEDs. It is necessary to
confirm this finding in prospective human trials; a large
prospective study in patients with a high prevalence of GBP found
significant reductions in BMD in those treated with nonenzyme
inducing AEDs compared to patients treated with EIAEDs.
Nevertheless, the study design had several limitations, and many
important factors with possible impacts on bone health were not
included in the analysis (physical activity, diet, and comorbidities);
also, patients with diagnoses other than epilepsy were enrolled. [8]
Significant limitations might also have influenced the results of the
pharmacoepidemiologic study reporting an increased risk of
nontraumatic bone fractures in older adults. [13]

A limitation of this study is the relatively small sample size, and
although statistical significance was found for some of the
observed effects, the ability to identify small effects was limited.

Conclusions

Because neither GBP nor PGB affected BMD or mechanical bone
strength, both of these AEDs could be considered drugs with a
lower risk to bone health. Our results provide new evidence that
PGB has no effect on BMD and mechanical bone strength in this rat
model. For GBP, our findings agree with the animal study by Kanda
et al. [14] Based on the shift in RANKL levels, indicating that the
effect of GBP and PGB on osteoclast activity may be dependent on
the hormonal status of animals, we cannot exclude that there is a
higher risk of bone loss after exposure to GBP and, especially, to
PGB in sex hormmone-deficient animals. There is conflicting
evidence of the effects of GBP on bone, and therefore it is
necessary to confirm these findings in prospective human trials.
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ABSTRACT

Keywords:

Antiepileptic drugs
Levetiracetam

Bone mineral density
Bone markers
Biomechanical properties

Some data suggest that exposure to levetiracetam (LEV) might be associated with a risk for bone health in the
model of orchidectomized rats. The aim of this study was to investigate if there is any significant risk of LEV for
bone health in the model of gonadally intact animals.

‘Wistar rats were divided into a control group and a test group, 8 rats in each group. The control rats received
standard laboratory diet (SLD) while rats in the test group were fed SLD enriched with LEV for 12 weeks. Dual
energy X-ray absorptiometry was used to measure BMD of the whole body, femur and lumbar vertebrae. The
concentrations of bone markers were examined in bone homogenate. Both femurs and tibiae were used for
biomechanical testing.

We found in the LEV group significantly decreased absolute and relative values of adipose tissue, higher
whole-body BMD, higher right tibia cortical thickness, and a significantly increased concentration of Bone
Alkaline Phosphatase (BALP) and cross-linked C-telopeptide of type I collagen (CTX1) compared with the control
group.

The results suggest that the long-term administration of LEV in the model of gonadally intact rats does not
have a negative effect on bone. Significant increase in BMD and cortical thickness of the right tibia may indicate
even a positive influence on the properties of bone. Further studies will be necessary in animals and humans to

confirm these findings.

1. Introduction

Epilepsy is one of the most common chronic neurological disorders,
characterized by recurrent seizures of cerebral origin (Hamed et al.,
2014). The disease affects more than 50 million people worldwide
(Shen et al., 2014). Anti-epileptic drugs (AEDs) are the main form of
treatment for people with epilepsy and the treatment with AEDs is
frequently lifelong (Shen et al.,, 2014; Fitzpatrick, 2004). However
AEDs are prescribed as first-line treatment also for a variety of non-
epileptic conditions as well, mainly bipolar spectrum disorders and
chronic pain states (Reimers, 2014). Only one out of three AED users
takes these drugs for epilepsy (Reimers, 2014). AEDs are associated
with adverse effects on bone health and with increased risk of fracture
(Koo et al, 2013). It is estimated that patients with epilepsy have a 2-6
times greater risk of bone fractures compared with the general popu-
lation (Svalheim et al., 2011). Aetiology of osteopathy in epileptic
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patients is multifactorial with an important role of a usually lower level
of physical activity and probably also a shorter period of the exposure
to the sun. The probability of a decrease in BMD increases with the
length of AEDs medication, combination of AEDs, institutionalization
and the presence of other risks for bone tissue in the case history (Desai
et al., 1996). Enzyme-inducing AEDs are particularly implicated in bone
loss, but some studies suggest that also valproate, an enzyme inhibitor,
is associated with reduced bone mineral density (BMD) and bone loss
(Anwar et al., 2014). Evidence for the effect of newer AEDs on bone
metabolism and BMD is limited and further investigation is required
(Anwar et al., 2014).

Levetiracetam (LEV) is a relatively new and one of the most widely-
prescribed non enzyme-inducing AEDs, effective in the treatment of
partial and generalized seizures (Artemiadis et al., 2016; Anwar et al.,
2014). LEV is an analogue of the nootropic agent piracetam and has
anti-seizure properties (Shetty, 2013; Erbas et al.,, 2016). It has also
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