
Introduction

Human absence epilepsy is a condition main-
ly affecting children. It is characterised by a sud-
den cessation of activity associated with bilater-
al, synchronous spike and wave discharges
(SWD) (~3 Hz) on the electroencephalogram
(EEG). At present, this condition is most com-
monly treated with ethosuximide and valproate.
Our understanding of the mechanisms underly-
ing absence epilepsy has been greatly facilitated
by the use of a variety of animal models, some of
which exhibit spontaneous absence seizures
whilst, in others, the seizures are chemically
induced. The Genetic Absence Epilepsy Rat
from Strasbourg (GAERS) is an example of the
former, and has been fully validated as a model
of human absence epilepsy on the basis of neu-
rophysiological, behavioural, genetic and phar-
macological studies.[1] As with the human condi-
tion, the SWD are dependent on cortical and
thalamic structures, and the major two differ-
ences by which the GAERS model differs from
the human condition is in the frequency of the
SWD (5-8 Hz) and in the ontogeny. This presen-
tation will review data obtained from in vivo
studies of GAERS under the guidance of
Professor Norman Bowery at the School of
Pharmacy in London and at the University of
Birmingham.

In vivo techniques for monitoring GAERS

Thalamic neurones can shift between oscilla-
tory and tonic firing modes, depending on the
state of consciousness, due to the GABAergic
neurones of the reticular thalamic nucleus (NRT)
imposing their oscillatory behaviour on thalam-

ocortical circuitry. Absence seizures may repre-
sent an aberration of this rhythmicity in favour
of burst firing. The three major brain regions tar-
geted for our studies are, therefore, the ven-
trobasal complex (VB) of the thalamus that con-
tains the thalamic relay nuclei, the NRT, whose
GABAergic neurones project extensively to one
another, and to almost all thalamic relay nuclei,
and the frontal cortex where glutamatergic neu-
rones project back to the relay nuclei, with axon
collaterals innervating the NRT. Spike and wave
discharges in GAERS can be recorded from all of
these areas but not from other brain regions
including medial thalamic nuclei and the hip-
pocampus. Techniques used in our studies
include microdialysis, intracerebral microinjec-
tions via infusion cannulae, and EEG recording
and spectral analysis. The use of depth bipolar
twisted-wire electrodes allows EEG recording
from specific sites, and after amplification and
filtration, display on chart paper and computer-
based acquisition. Spike and wave discharges
are monitored by (i) expressing duration as a
percentage of a given time period, (ii) the num-
ber of seizures in a given time period (an index
of SWD initiations), and (iii) the average dura-
tion of a seizure in a given time period (an index
of SWD termination). On-line Fast Fourier
Transformation also allows spectral analysis of
EEG changes more subtle than the readily dis-
cernible SWD.

GAERS and GABA

Evidence for excessive GABAergic neuro-
transmission as a mechanism underlying SWD
is extensive. Agonists of the GABAA receptor
(e.g. muscimol) and the GABAB receptor (e.g.
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baclofen) both increase SWD, as do increasing
extracellular GABA levels by GABA transami-
nase inhibition (e.g. vigabatrin) or the use of
uptake inhibition (e.g. tiagabine). Most signifi-
cantly, antagonists of GABAB but not GABAA
receptors produced a marked reduction in
absence seizures,[2] raising the possibility that
this group of compounds may have potential as
novel therapeutic agents for absence epilepsy.[3]

Work in our laboratory excluded a difference in
GABAA or GABAB receptor density or affinity in
the brains of GAERS[4] or modified transduction
of these receptors at the second messenger
level[5] as the causes of excessive GABAergic
neurotransmission. However, using microdialy-
sis, we were able to demonstrate increased extra-
cellular levels of GABA in the ventrolateral thal-
amus of GAERS,[6] although these levels were
not further modified by increasing or decreasing
the incidence of SWD with GABAB agonists or
antagonists, respectively. Subsequently,
increased extracellular GABA levels were also
demonstrated in frontal cortex, a region
involved with SWD generation, but not in the
hippocampus.[7] We have also demonstrated a
reduction in GABA uptake by thalamic but not
cortical synaptosomes from GAERS.[8]

As mentioned previously, GABAB antago-
nists have potential as anti-absence drugs. First-
generation phosphinic acid based compounds
(e.g. CGP 36742, IC50: 35 µM) together with the
much more potent second-generation com-
pounds (e.g. CGP 56999, IC50: 2nM) all demon-
strated anti-absence action. However, at doses of
around five times the effective anti-absence
dose, these compounds became convulsant.[9]

We investigated SCH-50911, a GABAB antago-
nist (IC50: 1.1 µM) not containing a phosphinic
acid group, and found that this did not demon-
strate convulsive properties until administered
at fifty times the anti-absence dose.[10] These dif-
ferences in convulsive potential may reflect dif-
fering affinities for pre-and post-synaptic
GABAB receptor sites although the current lack
of selective pharmacological agents precludes
the testing of this hypothesis.

In 1997, the GABAB receptor was cloned[11]

and shown to belong to the family of
metabotropic G-protein coupled receptors.
Indeed, direct infusion of pertussis toxin into the
thalamic relay nuclei of GAERS almost com-

pletely suppressed SWD after 6 days,[12] implicat-
ing G-protein mechanisms, and providing fur-
ther support for a role for GABAB receptors in
the generation of SWD. Subsequently, the
GABAB receptor has been shown to be a het-
eromeric structure[13] with subunit dimers of
GBR1a/GBR2 being associated with pre-synap-
tic sites, and GBR1b/GBR2 with post-synaptic
sites.[14] This opens up the possibility of using
antisense strategies to discriminate between pre-
and post-synaptic GABAB effects, and we are
currently working on the targeting of specific
thalamic structures with antisense oligonu-
cleotides delivered by reverse microdialysis and
osmotic pump, with SWD recording giving an
immediate indicator of the effects of gene inhibi-
tion.

Absence epilepsy and cognition

Anecdotal evidence from the clinic suggests
that absence epilepsy patients may have
enhanced learning ability. Using an active avoid-
ance paradigm, we have demonstrated
enhanced learning in GAERS compared to con-
trol rats,[15] and have also confirmed earlier
reports that GABAB antagonists enhance cogni-
tive performance in a number of species.[16] As
GABAB antagonists may enhance cognition by
modulation of the synaptic release of glutamate,
we investigated amino acid levels and EEG
activity in the hippocampus of GAERS, a brain
region not involved in SWD generation, but
which is associated with cognition and learning.
Extracellular basal levels of glutamate were
shown to be 3 times higher in GAERS than con-
trols,[17] which may reflect a defect in uptake or
metabolism, an increased number of glutamate
terminals, increased synaptic strength or a
decrease in GABAB-mediated pre-synaptic inhi-
bition of glutamate release. Furthermore,
administration of baclofen produced a pro-
nounced slowing of the hippocampal EEG in
GAERS only, whilst the GABAB antagonist, CGP
56999, produced a shift towards the higher fre-
quency synchronised activity associated with
sensory processing in both GAERS and controls. 

Ethosuximide and absence epilepsy 

Ethosuximide is used clinically for its selec-
tive effect on absence seizures. Although its
mechanism of action is uncertain, it is widely
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believed that it reduces low-threshold Ca2+ cur-
rents in thalamic neurones, thus dampening
oscillations.[18] However, recent electrophysio-
logical evidence has questioned this hypothe-
sis,[19] and we have demonstrated that when
microinfused at various doses directly into VB
of GAERS, ethosuximide produces only a small
reduction in SWD when compared to systemic
administration.[20] Furthermore, this reduction is
delayed, perhaps reflecting diffusion of the drug
to other thalamic areas. In contrast, microinfu-
sion of the GABAB antagonist, CGP 36742, pro-
duced an immediate and almost complete cessa-
tion of SWD,[20] indicating that GABAB antago-
nists and ethosuximide have different sites of
action for their anti-absence effects. More recent-
ly we have shown that microinfusion of etho-
suximide directly into NRT also has a reduced
and delayed effect on SWD reduction, and it
may be that the drug needs to target both sites
simultaneously in order to produce a decrease in
SWD comparable to that seen with systemic
administration. This is currently being
addressed by administering the drug over a
larger area by reverse microdialysis. 
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Farmakogenetik ve epilepsi
Pharmacogenetics and epilepsy

A. fiükrü Aynac›o¤lu

Pamukkale Üniversitesi T›p Fakültesi Farmakoloji Anabilim Dal›, 20020 K›n›kl›, Denizli

‹laç yan›t›nda, genetik kontrollü farkl›l›klar
sonucu bireyler aras› önemli de¤ifliklikler göz-
lenmektedir. Bu durum, bir yandan yetersiz
ilaç tedavisine di¤er yandan da ilaçlara ba¤l›
toksik reaksiyonlar›n ortaya ç›kmas›na neden
olabilir. Hastan›n yafl›, ilaç-ilaç etkileflimleri,
eliminasyon organlar›ndaki fonksiyon bozuk-
luklar› ya da di¤er hastal›klar›n varl›¤›, ilaçla-
r›n plasebo etkisi ilaç yan›t›n› de¤ifltirebilen
önemli risk faktörleridir. Ancak bunlardan bel-
ki de daha önemlisi, ilaçlar›n kineti¤i ve dina-
mi¤ini de¤ifltirebilen genetik faktörlerdir. ‹laç-
lar›n ve di¤er ksnobiyotiklerin metabolizmas›-
na kar›flan birçok enzimin, ilaç transport prote-
ininin, ilaç reseptörünün ve iyon kanal›n›n po-
limorfik yap›da oldu¤u saptanm›flt›r. Bir popü-
lasyonda mutant ya da varyant genler, %1’den
fazla s›kl›kta bulunuyorsa, buna genetik poli-
morfizm ad› verilir. Polimorfizm sonucu ilaç et-
kinli¤i de¤iflebildi¤i gibi, baz› hastal›klara ya-
kalanma riski artabilmektedir.[1]

Baflta ilaç metabolize eden enzimlerin etkin-
li¤i olmak üzere, polimorfik yap›lar›n ifllevleri,
bireyden elde edilen DNA örnekleri kullan›la-
rak saptanabilir (genotipleme). Farmakogene-
tik alan›ndaki moleküler çal›flmalar, esas olarak
ilaç metabolize eden enzim polimorfizmlerinin
karakterize edilmesi ve ilgili genlerin klonlan-
malar› ile bafllam›flt›r. ‹laç metabolizmas›na ka-
r›flan polimorfik enzimlerden en iyi araflt›r›lm›fl
olanlar›n bafl›nda N-asetiltransferazlar ve si-
tokrom P-450 enzimleri (CYP2D6, 2C19, 2C9 gi-
bi) gelmektedir (Tablo 1). 

‹laçlar›n yaklafl›k %25’inin oksidatif metabo-
lizmas›ndan sorumlu sitokrom P450 enzimi,
debrizokin 4-hidroksilaz’d›r (CYP2D6). CYP2D6,
terapötik indeksi dar ve dolay›s›yla ilaç tedavisi-
nin yetersiz kalmas›na ya da toksik reaksiyonla-
r›n daha kolay ortaya ç›kmas›na neden olabile-
cek bir çok ilac›n metabolizmas›nda rol oyna-
maktad›r (Tablo 1 ve 2). 

CYP2D6 aktivitesi bireyler aras›nda ve top-
lumlar aras›nda önemli oranda de¤iflkenlik
göstermektedir. Toplumlarda yavafl, orta, h›zl›
ve ultrah›zl› CYP2D6 etkinli¤ine sahip bafll›ca
dört grup birey ay›rt edilmektedir. Avrupa top-
lumlar›nda CYP2D6 yavafl ve ultrah›zl› s›kl›k-
lar› yaklafl›k olarak s›ras›yla %7 ve %1’dir.
Türklerde bu s›kl›klar›n tam tersi, yani yavafl
metabolizör s›kl›¤› %1-2 ve ultrah›zl› metaboli-
zör s›kl›¤›n›n %8 dolay›nda oldu¤u bildirilmifl-
tir.[2] CYP2D6 gen defekti sonucu (yavafl meta-
bolizör), bu enzimle metabolize olan ilaçlar da-
ha yavafl metabolize edilece¤inden, ilaçlar›n et-
ki süreleri uzar ve yan etkiler daha kolay orta-
ya ç›kabilir. Ultrah›zl› bireylerde ise, ilaçlar›n
terapötik dozlarda uygulanmas›yla yeterli te-
davi elde edilmeyebilir ve ilaç dozunun art›r›l-
mas› gerekebilir. 

CYP2C19 oksidasyon polimorfizmi, ilaç me-
tabolize eden enzim polimorfizmleri içerisinde
en fazla araflt›r›lm›fl olanlardan biridir. Bu poli-
morfizm, mefenitoine ek olarak diazepam, fe-
nobarbital ve omeprazol gibi klinik olarak
önemli ilaçlar›n metabolizmas›n› etkilemekte-
dir. Avrupa toplumlar›n›n %3-5’inde ve Asya

TABLO 1

Genetik polimorfizm gösteren baz› enzimler ve substratlar›

Enzim Substrat

NAT2 ‹zoniazid, prokainamid, hidralazin, sulfonamidler, ksenobiyotikler
CYP2C9 Fenitoin, non-steroidal antienflamatuvar ilaçlar, tolbutamid, varfarin, losartan
CYP2C19 Diazepam, omeprazol, proguanil, propranolol, S-mefenitoin, heksobarbital, imipramin 
CYP2D6 Antiaritmikler, antihipertansifler, beta-blokerler, MAO‹, morfin türevleri, antipsikotikler,

TAD ve ondansetron, tropisetron, deprenil, perheksilin
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toplumlar›n›n da %13-23’ünde bu enzim aktivi-
tesi bak›m›ndan tam bir yetersizlik durumu
vard›r. CYP2C19 polimorfizminin fenobarbital
farmakokineti¤ine etkisinin incelendi¤i bir
araflt›rmada, yavafl metabolizörlerde fenobarbi-
tal klirensinin %18.8 oran›nda azald›¤› ve bu
nedenle fenobarbital dozunun daha rasyonel
olarak ayarlanmas›nda CYP2C19 genotip tayi-
ninin yararl› olabilece¤i vurgulanmaktad›r.[3] Yi-
ne, 18 sa¤l›kl› Çinli bireye tek bir oral doz (5
mg) diazepam (DZP) verilerek DZP ve onun
bir aktif metaboliti olan desmetildiazepam
(DMDZP) farmakokinetiklerinin araflt›r›ld›¤›
bir çal›flmada, yavafl metabolizörlerde hem
DZP hem de DMDZP’nin eliminasyon yar›lan-
ma ömürlerinin ve etki sürelerinin, orta ve h›z-
l› metabolizörlere göre çok uzad›¤› bildirilmifl-
tir.[4]

Di¤er polimorfik bir enzim olan CYP2C9 feni-
toin baflta olmak üzere, tolbutamid, varfarin ve
ibuprofen gibi birçok ilac›n metabolizmas›n› ka-
talize etmektedir. Klasik antiepileptik ilaçlardan
biri olan fenitoin metabolizmas›n›n CYP2C9 ya-
vafl metabolizörlerde önemli oranda azald›¤› bil-
dirilmifltir.[5] Ek olarak, ilaçlar›n absorpsiyonunda
bir engel görevi gören p-glikoprotein’in fonksi-
yonel bir mutasyonunu tafl›yan bireylerde fenito-
in plazma konsantrasyonun daha yüksek oldu¤u
da bulunmufltur.[6] Dolay›s›yla, ilaç metabolize
eden enzimlerin yan› s›ra, ilaç absorpsiyonunda
rolü olan baz› proteinlerin etkinliklerinin bireyler
aras› farkl›l›k göstermesi de, ilaçlar›n plazma
konsantrasyonlar›n›n de¤iflmesine katk›da bu-
lunmaktad›r.

Reseptör polimorfizmleri de ilaç etkinli¤ini
de¤ifltirebilmekte ve baz› hastal›klara yatk›nl›¤›
art›rabilmektedir. Örne¤in, nöronal nikotinik
asetilkolin reseptörün (nAChR) bir komponen-

ti olan alfa-4 subünitindeki bir mutasyon sonu-
cu karbamazepine duyarl›¤›n üç kat artt›¤› bil-
dirilmifltir.[7] Nörotransmisyona arac›l›k eden
mü- opioid reseptörlerindeki Asn40Asp poli-
morfizminin absens tipi tutar›klar›n oluflumu-
na katk›da bulundu¤u ve nöronal eksitabiliteyi
fonksiyonel Asp40 varyant›n›n modüle edebi-
lece¤i bildirilmifltir.[8]

Sonuç olarak, ilaç metabolize eden enzim-
lerde, reseptörlerde, transport proteinlerinde
ve iyon kanallar›ndaki polimorfizmler ilaç ya-
n›t›n› de¤ifltirebilmekte ve baz› hastal›klara yat-
k›nl›k konusunda bilgiler vermektedir. 

Patsalos’un bir makalesinin özet bölümü flu
flekildedir: Son zamanlara dek, epilepside ilaç
tedavisi daha çok ampirikti. Ancak, son y›llar-
da, tutar›k nörokimyas› ve antiepileptik ilaçla-
r›n etki mekanizmalar›n›n daha iyi anlafl›lmas›
üzerine ilaç tedavisi daha rasyonel duruma gel-
mifltir. Bununla birlikte, hangi hastan›n hangi
antiepileptik ilaca yan›t verece¤ini ya da hangi
hastada ilaç yan etkisinin ortaya ç›kaca¤›n› ön-
görmek pek olas› de¤ildir.[9]

Ancak ilaç metabolizmas›ndaki genetik po-
limorfizmlerin saptanmas› (i) doz-konsantras-
yon iliflkisindeki de¤iflikliklerin, (ii) yan etkile-
re duyarl›l›¤›n ve (iii) ilaca dirençli tutar›klara
yatk›nl›¤›n anlafl›lmas›na anlaml› katk› sa¤la-
m›flt›r.

Gelecekte, tedavi bir dizi farmakogenetik
testlerle yönlendirilecek, ki bunlar sadece en
uygun antiepileptik ilaç (etkinlik ve yan etkiler
bak›m›ndan) seçiminde de¤il, ayn› zamanda
hastal›¤›n antiepileptojenik durumunun ve ge-
lifliminin de izlenmesine yard›mc› olacakt›r. 
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