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Chronological development timeline of antiepileptic drug

1* Generation 2=~ Generation 3¢ Generation

1993 2008 .
= Mechanism of action Felbamate Lacosamide
N . 1993 2008
= Pharmacokinetic properties 1974 Gabapentin Rugnaméde
Carbamazepine 1994 T 2009
= Adverse effects 1975 Lamolrigine Sigabatrin
. i i i Clonazepam 1996 S 201
Potential to develop drug interaction pies Topiramate S Ciobazam
= Formulation and administration Valproate 1997 E 2011
1981 Tiagabine Ezogabine
ci : 1939 2012
1960 = Levetiractam Perampanel
Ethosuximide 2000 2013
1968 nga‘rbazepine Eslicarbazepine
) . 2000
Diazepam P Zonisamide
1912 1937 1954 2004
Phenobarbital Phenytoin Primidons ... Pregabalin
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Rudzinski LA, et al. J Investig Med. 2016 Aug;64(6):1087-101. doi: 10.1136/jim-2016-000151.

Mechanisms of neuronal excitability and
target of actions for AED

T Voltage sensitive Na* channels
o7 Voltage sensitive Ca?* channels
@ Voltage sensitive K* channel

@ Receptor-ion channel complex

=T Excitatory amino acid receptor-cation channel complexes
* Glutamate
¢ Aspartate

= | GABA-CI- channel complex

Action of
antiepileptic
drugs on
neurons

CBY, car ine; OXC, ine; LTG,
LCM, lacosamide; ESL, eslicarbazepine acetate; PHT,

in; fPHT, in; TPM, topit NS,

RN, r LEV, leveti BRV, _ ;

ri PER, PB, ital; GBP, .| caz, oxc, LTe, Est,

in; PGB, in; FBM, EZG, ezogabine | | PHT{fPHT}), LCM",
(retigabine); VPA, sodium valproate; VGB, vigabatrin; TGB, TPM, ZNS, RFN,
tiagabine; BZ, benzodiazepine; STP, stiripentol; GNX,
ganaxolone; Br, bromide; ESM, imide; STM, Thalamus

AZA, acetazolamide; CBD, cannabidiol = A
Thalamocortical circuits

* extrasynaptic GABA

*enhancement of slow inactivation of sodium channel

*#acting on a26 protein of the presynaptic P/Q-type HVA and

N-type calcium channel

*additional effect to elevate the clobazam level by inhibition

of cytochrome P450 (CYP)

Drug names in gray indicate secondary, fractional, or

uncertain action
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Kobayashi K, et al. Brain Dev. 2020 Jan;42(1):2-5. doi: 10.1016/j.braindev.2019.07.006.

Mechanism of action of clinically approved anti-seizure drugs

Propagated
action potential

Voltage-gated
Na* channel

K*

o, f-subunit of
Ca?* channel

Also inhibits
glial GAT-1

Postsynaptic GABA,,
neuron receptor KCNQ
cr Na*  Na®(Ca?") K* channel C8**
Inhibitory sy Exci y synap

Loscher W, et al. CNS Drugs 2016;30:1055-77.




Primary structures of voltage-gated sodium channel
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Rogawski MA, et al. Nat Rev Neurosci 2004;5:553-64.

Working cycle of voltage-gated sodium channels (VGSCs)
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Curia G, et al. CNS Drugs 2009;23:555-68.

Mechanism of actions of VGSC (sodium channel) blockers
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Phenytoin
Carbamazepine
Oxcarbazepine
Eslicarbazepine acetate
Lamotrigine
Rufinamide
Topiramate
Valproate
Zonisamide

Choice for
with other -

AEDs

B
Do not cross “*
reaction with

aromatic AEDs

Tissue distribution of NaV subtypes

Channel o c":;‘::’:“’ Tetrodotoxin  Major tissue Effect of
nomenclature (human) sensitivity expression mutation
Mavi .1 SCN1A 2q24 ~ CNS, PNS Epilepsy
Nawvi.2 SCN2A 2q23-24 ~ CNS, PNS Epilepsy
MNavi.3 SCN3A 2924 v CNS, PNS MNone reported
Myotonia,
MNavi. 4 SCN4A 17q23-25 ~ Skeletal muscle periodic
paralysis
Long QT.
Brugada
x syndrome,
Mavi 5 SCN5A 3p21 Heart
progressive
familial heart
block
Cerebellar
MNav1.6 SCNEA 12913 CNS. PNS
S q ~ 3 atrophy
Nav1.7 SCN9A 2924 v Increased and
PMNS (SMS and X
Nav1.8 SCN10A 3 X lE'A.sJ decreased pain
Nav1.9 SCN11A 3 X sensitivity




Voltage-gated calcium channels (VGCCs)

a [ ] p— B

A  Genes - Proteins - Channeltypes
c Ca,

A number of single [ E]

L base changes have been Ca,1 Cayl2
L
identified in the genes Cay13 Aypes. -
» ™ | encoding for the Ca,3.1 Ca,t4

and Ca,3.2 T-type | Caytd PiQ-type

calcium channels in some »} A Naype

patients with generalized rAype

depsi
epilepsies i~

Channel Gene Chromosome  SNPs/mutations in human diseases
type name loc.
Ca31 CACNAIG 17q22
Ca,3.2 CACNAIH 16p13.3

Juvenile myoclonic epilepsy (JME)
Childhood absence epilepsy (CAE) and
other idiopathic generalized epilepsies
(IGE)

Autism spectrum disorder [ASD)
Ca,33 CACNAIL 22q13 -

Huc'S, et al. Biochim Biophys Acta. 2009;1793:947-52.

Proft J, et al. Mol Pharmacol. 2015'87(6):890-906.

Zamponi GW, et al. Pflugers Arch — Eur J Physiol 2010;460:395-403.

Ca** current Primary Previous nume  Specifie

Subunit

Ca** channel ype localizations of opsubunits  blocker Functions
com posltlon Cayl.1 L Skeletal musele w5 DHPs Excitation-contraction coupling
Calecium homeostasis
and function Giene regulation
Cayl.2 L Cordiae muscle o DHPs Excitation-contraction coupling
of ca 2+ Endocrine cells Hormone
Neurons Giene reg
c h ann el typeS Cayl.3 I Endocrine cells o DHPs I !l}l’l’lll‘lll,‘ .'»uc.n:liun

Neurons Giene regulation

Cayl4 L Retina @y Tonic neurotransmitier release

Cay2.1 Py Nerve terminals o, - Agatoxin MNeurotransmitter release
Dendrites Dendritic Ca** transicents

Cay2.2 N Nerve terminals o a-CTx-GVIA - Newrotransmitter release
Dendrites Dendritic Ca transients

Cay2.3 R Cell bodies I None Ca*-dependent action potentials
Dendrites
Nerve Neurotransmitter release
Terminals

Cay3.1 Cardiac muscle oy None Repetitive ring
Skeletal muscle
Neurons

Cay3.2 I Cardiae musele o)y None Repetitive ring
Neurons

Cay3d I Neurons [T None Repetitive ring

Catterall WA. Annu Rev Cell Dev Biol 2000;16:521-55.

Binding of gabapentin & pregabalin to the o,-8 subunit resulting in decreased release
of glutamate, substance P, calcitonin-gene-related peptide, and norepinephrine

Naurotransmitberss
subrstance B
lutemataj &

&y T pLic p Postaynaptic

Durkin B, et al. Expert Opin Pharmacother 2010;11:2751-8.

Subtypes of o,-0 auxiliary subunit of N-type calcium channel

Channel protein Gene locus Location of expression Distinguishing
name name properties

0,0—(Type 1) CACNA2D1 |Neocortex, amygdala, hippocampus, |Binds pregabalin,
striatum, dorsal horn of spinal cord gabapentin

0,0—(Type 2) CACNA2D2 | Cerebellum (molecular layer), Binds pregabalin,
hypothalamus gabapentin

0,0—(Type 3) CACNA2D3 | Striatum, neocortex, thalamus (by No drug binding
mRNA)

0,0—(Type 4) CACNA2D4 | Pituitary, adrenal gland, intestine No drug binding

Taylor CP, et al. Epilepsy Res 2007;73:137-150.




Affinities of Gabapentin and Pregabalin on auxilary subunit of

0,-0 N-type calcium channel

0;-8-1 1C55 (um) 0,-8-2 IC5, (m)
Gabapentin 0.052 +0.013 0.055 + 0.006
Pregabalin 0.075 + 0.015 0.118 + 0.018

30 nM pregabglin

Pregabalin has high specific
binding in brain than gabapentin
DH (neocortex, amygdala, dorsal
horn, cerebellum)

WM

Zheng L, et al. Eur J Pharmacol 2011;667:80-90.

The dynamics of SVs at the presynaptic terminal, illustrating detailed
mechanism of NT release and synaptic vesicle recycling

Loscher W, et al. CNS Drugs 2016;30:1055-77.

Mechanism of Ievetirapetam

@ LEV binds reversibly,
saturably, and
sterospecifically to SV2A

S LEV does not bind to its
two isoforms, SV2B and
Sv2c

@ LEV binds to SV2A leading
to decreased transmitter
release
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LEV can inhibit HVA-Ca? channels (N-type),
negate the inhibition of negative allosteric
modulators such as zinc and B-carbolines
of GABA- and glycine-gated currents, and
diminish the calcium release from
intraneuronal stores

LEV

Mendoza-Torreblanca JG, et al. Eur J Neurosci 2013;38:3529-39.

Brivaracetam: an analog of levetiracetam

[ Levesracteam
[E—
onil 25 mg, 30 . 73 g 100 mg 255 g 300 mg. 750 mg, 1006 g
[ie— 30 ms 500 s i 500 100 ml 1300 'S k.
Bosnbbder e L e ——— -
Tima 52 pak, madian irange) 2 br {14 ber} 1br {1-2 ber}
Froces bedng 15-30%, it
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[o— 5% v ke (B-10% uochanged) O v iy (B4, unchangnd)
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[ " =
R combinad OCH by 20-39% ot 400 mpfty

@ BRV was found to have 15-30 times greater affinity for SV2A and faster brain permeability than LEV
& Correlated well with its higher potency and efficacy in various animal models of focal, generalized, and drug-resistant seizures

@ BRV does not Inhibit high-voltage-gated calcium currents or modulate inhibitory or excitatory postsynaptic ligand-
gated receptors at therapeutic brain concentrations

Feyissa AM. Neuropsychiatr Dis Treat. 2019 Sep 9;15:2587-2600. doi: 10.2147/NDT.5143548.




Classification of glutamate receptors
/Gluunula\
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Distinct roles of NMDA and AMPA receptor
Same glutamate receptor ... Different action

Glutamate mediates most fast excitatory neurotransmission in the CNS

AMPA is the main receptor mediating rapid effects of glutamate
a Underlies fast component of EPSP (seizure)

NMDA does not normally contribute to fast neurotransmission !
Underlies slow component of the EPSP
Involved in plasticity e.g. learning and memory, neuropathic pain
EPSP

Mechanism of AED at AMPA receptor
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Reduce postsynaptic neuronal excitability
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Possible neuroprotective effect
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Synaptic and extrasynaptic GABA, receptor

[C1]

GABA, internalization

Pharmacology of GABA, receptors classified by o-subunit
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AED acting on GABA, receptor Differential pharmacology of AED
GABA site
Agonists Properties 1t generation 2"d generation 3rd generation

Antagonists

i Picrotoxin site
Chiloride Convulsants
channel Depressants?

BDZ = benzodiazepines
ETF = etifoxine
NS = neurosteroids

Increases intracellular chloride levels
Increases transmembrane polarity
Makes the occurrence of action potential more difficult

Basic Neurochemistry: Molecular, Cellular, and Medical Aspects. 6 editions. Philadelphia: Lippincott, Williams & Wilkins ; 1999.

Mechanism of action

(MOA)

Simple MOAs (VGSC, GABA  Multiple MOAs or

receptor) Specific target of action
(SV2A, T-type VGCC, N-
type VGCC, GAT, GABA-T,
AMPA/kainite receptor)

Novel target of action
(PAM at AMPA, slow-
inactivated VGSC)




AED Inhibition of glutamate excitation Increase of GABA inhibition lonic channel Other MOA AED Focal i i i L taut Infantile Spasms
LGlurelease | Receptorblockade | T GABA release/brain Bind GABA, Inhibit GABA | Inhibit GABA |  Blockadeof | Blockadeof VGCC | Activation of Seizures Tonic-Clonic Absence Myoclonic Syndrome
level receptor transporter transminase VGsC CNQ/Kv7 Seizures Seizures Seizures
Benzodiazepi (PAM at BZD ,
enzodiazepines [ ) Carbamazepine | Suggested X X
Brivaracetam @ (bind sv28)
Phenobarbital | Suggested X v
Carbamazepine
Eslicarbazepine Phenytoin | Suggested X X
Ethosuimide Y Valproic acid I Suggested I
Felbamate @ (o ° @ (1 inh. effect) ® () Ethosuximide X X | X
Gabapentin @ (N, P/Q) Felbamate | Suggested ? ? |
Ganaxolone @ (neurosteroid) Oxcarbazepine | ) X X
Lacosamide .
Gabapentin | X X X
Lamotrigine on? 5-HT,, PA
Levetiracetam @ (bind sv21) on Beatally ! s X X
p—— Y Lamotrigine I | Suggested Variable |
Perampanel @ (PAM at AMPA) Levetiracetam | | Suggested |
Phenobarbital @ (barbiturate) Topiramate | | X ? |
Phenytoin ® (=) Tiagabine | X X X
Pregabalin v, p/Q) m A
o P Vigabatrin 1 X X X 1
Retigabine/Ezogabine @ (PAM at Kv2-5)
Zonisamide | Suggested Suggested Suggested
Stiripentol [ ] @ (PAM at a3, 5)
i ?
Tiagabine ° Lacosamide | E X X
Topiramate @ (AMPA/Kainite] ° @ (T inh. effect) @ (fast w Inh. CAIILIV Perampanel ! | ?
Valproic acid (T synthesi: @ (fast oM Inh. histone deacetylase Rufinamide | Suggested ? ? |
metabolism/reuptake
Ezogabine | ? ? ?
Vigabatrin Y
Rufinamide P Eslicarbazepine acetate | ? X X
Zonisamide @ (7 release, L uptak ® fast) om Free radical scavenger, inh. CAl
- - - Clobazam Suggested Suggested Suggested Suggested |
Summarize mechanisms of action of AED Miziak B, et al. Expert Opin Drug Discov 2013;8:1415-27. ‘Approved Indications by US FDA. Abou-Khalil BW. Continuum (Minneap Minn) 2016;2:132-56.
AED Psychiatric Disorders Pain Neurological Disorders Others

Carbamazepine

Phenobarbital

Phenytoin

Valproic acid
Ethosuximide
Felbamate
Oxcarbazepine

Gabapentin

Pregabalin

Lamotrigine
Levetiracetam

Topiramate

Tiagabine
Vigabatrin

Zonisamide
Lacosamide
Perampanel
Rufinamide

Ezogabine

Mania, BD I,
Agitation

Mania, BD, Agitation

Mania, BD |

Anxiety

GAD,
Social phobia

BD Il (depression)

Bulimia nervosa, Binge-eating disorder,
Alcohol dependence

Binge-eating disorder

Eslicarbazepine acetate

Clobazam

TGN, PHN, DPN, Phantom limb pain

TGN

PHN, DPN, Phantom limb pain,
Fibromyalgia

NeP, Fibromyalgia, PHN, Spinal cord
injury

Migraine prophylaxis

RLS, Migraine prophylaxis

Migraine prophylaxis

Sedation induction

Paroxysmal atrial tachycardia, Ventricular
tachycardia

Approved Indications by US FDA. Marvanova M, et al. Ment Health Clin 2016;6:8-20.
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Pharmacokinetic properties (ADME) of AED

© Rapidly absorbed (T,

max)

Effect of food on absorption rate
(Tmay) and content (C ., & AUC)

©  Water solubility (brand switching)

Medicine o * Absorption
.. How will it get in?

Metabolism
How is it broken down?

Plasma half-life t
ver Distribution

. . . Where will it go?

Determine the dosing regimen

« Transporters

Determine time to steady state

* % Protein (albumin) binding
(altered free from)

* % Fat of total body composition

(prolonged clearance rate)

Potential for PK drug interaction

Dosing adjustment in hepatic or
renal impairment

Excretion
How does it leave?




Pharmacokinetic profiles of conventional AED

AED F Vd (L/Kg)  Protein binding T1/2 Metabolism & Elimination Active metabolite
(serum conc) (%) (%) (h)
Carbamazepine 85 0.8-2.0 76 12-17 H (100%): CYP3A4 (major), CBZ-10,11-epoxide
4-12 pg/mlL CYP1A2, CYP2B8
(CBZ), <0.2-
2.0 ug/mL
(epoxide)
Phenobarbital 70-90 0.5-1.0 55] 36-118 H: glucosidase, CYP2C9, CYP2C19, No
15-40 pg/mL CYP2E1
R (20%): unchanged
Phenytoin 90-100 0.5-1.0 90 7-42 H (98%): CYP2C9 (major), CYP2C19  No
10-20 pg/mL
(total), 1-2
pg/mL (free)
Valproic acid 100 0.1-0.2 90 6-17 H (95%): beta-oxidation, UGT1A6,  No
50-100 pg/mL (conc- UGT1A9, UGT2B7, CYP2C9,
(total), 5-12.5 dependent) CYP2C19
ug/mL (free)
Ethosuximide 100 0.6-0.7 0 25-60 H: CYP3A4 (major), CYP2E1 No
40-100 pg/mL R (20%): unchanged
Primidone 60-80 0607 20-45 (PHB), <10 10-12 (PEMA), R (40-60%): unchanged and smaller amount  Phenobarbital (PHB)
5-12 pg/mL (PRM, PEMA) 29-36 (PHB)  of PEMA and PGB inactive Phenylethylmalonamide (PEMA)
(PRM), 15-40 H: CYP2C9/19, alcohol dehydrogenase PHB
ug/mL (PHB) (15-25%) and amide hydrolysis PEMA (75%)

Marvanova M, et al. Ment Health Clin 2016;6:8-20.

Pharmacokinetic profiles of second generation AED

AED F vd (L/Kg)  Protein binding (%) T1/2 Metabolism & Elimination Active metabolite
(serum conc) (%) (h)
Gabapentin 35-60 0.85 0 5-7 R (>90%): unchanged No
4-16 pg/mL
Lamotrigine 95 0.9-1.3 55 15-35 H (76%): UGT1A4 No
4-18 pg/mL
Levetiracetam 295 0.5-0.7 <10 6-8 R (66%): unchanged No
5-40 pug/mL Non-hepatic (30%): hydrolysis by type B
esterase in WBC
Oxcarbazepine >90 prodrug  0.75 (MHD) 60 (OXC) 8-15(MHD)  H (80%): cytosolic arylketone reductase  S-licarbazepine
10-35 pg/mL 40 (MHD) (OXC), YGT (MHD) R-licarbazepine
(MHD) R (20%): unchanged
Pregabalin >90 0.57 0 5-7 R (>95%): unchanged No
N/E
Topiramate >80 0.6-0.8 15 20-30 R (70%): unchanged No
5-20 pug/mL H (30%): CYP2C19 and glucuronidation
Vigabatrin 60-80 0.8 ] 5-8 R (95%): unchanged No
0.8-36 pg/mL
Zonisamide >90 1.0-1.9 40 27-70 H (70%): CYP3A4 (major), NATs (15%), No
10-40 pg/mL CYP2C19
R (30%): unchanged
Felbamate <90 0.7-1.0 25 22-25 R (50%): unchanged No
30-140 pg/mL H (50%): CYP2E1 (major), CYP3A4 (20%),
UGT (20%)
Tiagabine >90 1.0 96 59 H (98%): CYP3A4 No
N/E

Marvanova M, et al. Ment Health Clin 2016;6:8-20.

Pharmacokinetic profiles of third generation AED

AED F Vd (L/Kg)  Protein binding T1/2
(serum conc) (%) (%) (h)

Metabolism & Elimination Active metabolite

Eslicarbazepine >90 27 <40 20-24 R (66%): unchanged Eslicarbazepine
acetate prodrug Non-hepatic: hydrolysis by Oxcarbazepine
N/E esterase to ELC (91%)
H (33%): UGT
Ezogabine 60 23 80 8-10 H (50-65%): UGT1A4, NAT No
N/E R (20-30%): unchanged
Gabapentin enacarbil 75 0.85 0 5-7 R (>90%): gabapentin Gabapentin

Non-hepatic: first-pass hydrolysis
to GBP by carboxylesterase in
enterocytes

Lacosamide 100 0.5-0.8 <30 13 R (40%): unchanged No
10-20 pg/mL H: demethylation, CYP2C19 (30%)

Marvanova M, et al. Ment Health Clin 2016;6:8-20.

Hepatic Metabolism Renally Excretion (%)
Phase I (CYP)
Carbamazepine 7 3A4
Clonazepam 8 3A4
Diazepam 98 2019, 384

Lorazepam 93 2B15
Midazolam 95 3A4

Phenytoin %0 209, 2€1
Valproic acid %0 B-oxidation, 29, 2C19 146, 1A9, 287

Clobazam 85 219, 3A4

b
8

Gabapentin o

Lamotrigine 55 1A4

Pregabalin 0 >90

Rufinamide 35 Carboxylesterase

Vigabatrin 0 95

Anderson GD, et al. Clin Pharmacokinet. 2014 Jan;53(1):29-49. doi: 10.1007/540262-013-0107-0.




Differential pharmacology of AED

Properties

1%t generation 2"d generation

3rd generation

Mechanism of action

Simple MOAs (VGSC, GABA  Multiple MOAs or

Novel target of action

(MOA) receptor) Specific target of action (PAM at AMPA, slow-
(SV2A, T-type VGCC, N- inactivated VGSC)
type VGCC, GAT, GABA-T,

AMPA/kainite receptor)
Pharmacokinetic
properties
- Absorption Limited Good Good/prodrug
- Distribution High % PB Low %PB +/-
- Metabolism Mainly by CYP Minor route Mainly by CYP
- Elimination Inactive metabolite Unchanged form Unchanged (some)

-'.;Z::'.;.."”I?;;: s
| i R RN RN I
Overview of . ) i
adverse effects of ® . . S I e
individual - e 5 S S
antiepileptic E:’:.Z R .
drugs »” o -
. o1t
. & - —

Schmidt D, Schachter SC. BMJ. 2014 Feb 28;348:g254. doi: 10.1136/bmj.g254.

Wy = reirernse, B i i, metrn e @ g s

Type A adverse
antiepileptic
drug effects

Trouble with mouth or gums

Unsteadiness

Tiredness

Resllessness

Feelings of aggression

Nervousness or agitation

Headache

Hair loss

Problems with skin

Double or blurred vision

Upset stomach

2 % 5 18 3 1

Difficulty in concentrating

Shaky hands

Weight gain

Dizziness

Sleepiness

Depression

Memory problems

Disturbed sleep

Perucca P, et al. Neurology 2009;72:1223-9.
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carbamazepine-induced
Steven-Johnson
syndrome and toxic
epidermal necrolysis

Lim KS, et al. Neurology Asia 2008;13:15-21.
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1, phenobarbital, lamotrigine #amdin crossseactivity

Dosage and administration of lamotrigine

Initiating lamotrigine in adult
Not taking drugs known to increase the clearance of lamotrigine or valproate

Weeks 182 Weeks 3 &4 ‘Week 5 ‘Week 6
26 mgliday 100 mg/day Target dose
200 mgl/day

Taking valproate

Weeks 1 &2 Weeks 3 &4

25 mglevery other |25 mg/day 50 mgiday Target dose
day 100 mg/day

Taking drugs known to increase the clearance of lamotrigine and not taking
valproate

Weeks 1 &2 Weeks3 &4 Week 6

50 mgiday 100 mgiday in 200 mglday in 300 mg/day in
divided doses |divided doses |divided doses

Doses above target dose are not recommended
To avoid an increased risk of rash, the r d initial dose and dose i should not be exceeded

Disturbances of cognitive abilities of AED

@ Major cognitive effects of AEDs
< Impair attention/vigilance

< |mpair psychomotor speed (significant cognitive slowing and verbal
fluency, word-finding difficulties)

& Secondary effects on other cognitive functions
@ Factors associated side effects

< Increase dose with rapid initiation

S Higher dosages and concentrations

< Use of polytherapy

Meador KJ. Neurology. 2002;58(Suppl 5):521-526.

Muscarinic
antagonist

MuscR: NMDA
Iy receplor
GABA .
o GABA
intemeuron 2 interneuron

Levetiracetam > .
Glutamate \3 @

BDMNF
4 4 :‘

AN

AMPA
traffic

Perampanel
Topiramate

Effects of AED which acting
on glutamatergic pathway
in neuropsychiatric
symptoms

Ignacio ZM, et al. Br J Clin Pharmacol. 2016 Nov;82(5):1280-1290. doi: 10.1111/bcp.12845.

Translation

Translation =& Synaptogenesis Amplification




AED and neuropsychiatric symptoms

@ Based on available data, levetiracetam, perampanel, and
topiramate were associated with increase rate of irritable,
hostility or aggression, particularly in patients with history of
psychiatric symptoms

@Should closely monitor patients for these symptoms, especially
within the first 6 months of starting or titrating AEDs

S However, this can be occurred within 1-3 years after treatment

Brodie M), et al. Pharmacol Rev. 2016 Jul;68(3):563-602. doi: 10.1124/pr.115.012021.

Relative teratogenic risk profiles of antiepileptic drugs

w1l 23 Gerswiissin congonital mallormasion vewiiEnsoogi

Partial. trae—sbomie, shoonce, mmcimic Unlnrwm
Partial tomke—edonie Unlawn
Purtial tosic—cdotie, shooncs, myocknie, stenie Unkssrws
Partial tnabe—chombe, Tabsones, myoctonie Unkasrsm
Pastial tomie—sdonie Unlssws
Pastial toske—edorse, Tuipoctonic
Partial. tomie—danic

Pastial. tomis—edanic Unsmn
Partial trmie—cdonbe. wywlosis, stonks Unksvrem
Pastial, tomie—clonic, sbsonce, myocknic, stenic  Spim bifida
Partial, s rbanis. sumions, “shasnas, atnic Unknawn

nrinrifls congenital malformation (femz)

carthamazepine 21463
L pheryicin 674
Undzwownit
Sadet phenabarbital 2945
Unlerarwm sodium valpeoate (RIS
Uit =

" Lematrigine 1852

Cautioes
Cautions abapentin [ree
Unlserrn topiamate B
Unleaererit

tevetincetam o
Cautiony
Unberent 1000 my Ay Gt malformaton wagturdonns 65

* At eperts’ rourdisbile mesting, “Epilepay s Wousn: The Bilogkeal Hass for (o Female Experiance,”

28, 3000, Now
stuly, which bs umavail-

York, NY. sl dhocs et irnply
bl . this time.
1 Sulficlent datn ot yot availablo.

4 Based o 300 with flest majir Pt 2T
Belent data drug is

TR T
reosfanliefuinlufnitamsad @
Y

Trrfllorman adiaeafenk 1 23umh el

s (Al 23) Tnslermanafresiufatnuewnfidomnon ansdnmnmsanfdndud iy
efuiniiimenuninolifeseuininksemaniunsiidnn Wai carbamazepine,

phencbartital, phenytoin kak valproate

- Elinudutheeiodin velproate rdlilumniidiniy 800 fodnfusah

5

iimealona

0
Tunjaewm

mafenadnnRverrnlunasd

[ Increasing Fisk

Pennell PB. Neurotherapeutics. 2016 Oct;13(4):811-820. doi: 10.1007/513311-016-0464-0.

QTc prolongation by AED and risk of torsade de pointes

@ Both experimental and clinical evidence suggest that treatment with AEDs
appears to add relatively little risk of QT prolongation (and potential malignant
arrhythmia) in most patients

€ Carbamazepine has high reported
@ Special populations requiring greater caution

€ patients with underlying cardiac dysfunction, older individuals (>65 years), female
patients, or those with electrolyte imbalances (such as hypokalemia or
hypomagnesemia), patients requiring combination therapy with any medication proven
to cause QT interval prolongation

€ Monitoring of electrolytes and ECG evaluation in these patients would seem prudent

Feldman AE, et al. Epilepsy Behav 2013;26:421-6.

Non-cardiac medication and QT interval prolongation

Drugs that cause QT interval prolongation seem to share a common property
in that they can all block IKr channels

Class of medications

Examples

Antihistamines
Antipsychotics

Fluoroquinolone antibiotics

Macrolide antibiotics

Tricyclic antidepressants

Selective serotonin reuptake
inhibitors

Opioids

5HT3-receptor antagonists
5HT1D agonists

Prokinetic agents

Terfenadine, astemizole

Haloperidol, droperidole, thioridazine,
chlorpromazine

Levofloxacin, moxifloxacin, gemifloxacin,
gatifloxacin

Erythromycin, clarithromycin, telithromycin
Desipramine, imipramine, doxepin
Paroxetine, sertraline, doxepin, venlafaxine,
fluoxetine, norfluoxetine, fluvoxamine,
citalopram

Methadone

Ondansetron, dolasetron, granisetron
Sumatriptan, naratriptan, zolmitriptan
Cisapride, domperidone

Feldman AE, et al. Epilepsy Behav 2013;26:421-6.




Differential pharmacology of AED Potential to develop drug-drug interactions of AED

. . - . - . q
Properties 1%t generation 2" generation 3rd generation AR L Inducers
Mechanism of action Simple MOAs (VGSC, GABA  Multiple MOAs or Novel target of action Sondemid oot lu;i.'!::‘min
(MOA) receptor) Specific target of action (PAM at AMPA, slow- i = :
(SV2A, T-type VGCC, N- inactivated VGSC) Dvenasi deoh Ca amaze?me v
type VGCC, GAT, GABA-T, phantoyoeny Phenobarbital
inite receptor) e hrome
AMPA/kainite receptor) s Ok Primidone ochr
Gytunds (Daflats)
Pharmacokinetic B P450
properties Sommarn o) Inhibitors
- Absorption Limited Good Good/prodrug brranemohpiny (2€9, UGT, EH) *
- Distribution High % PB Low %PB +/- s s e Valproate
- Metabolism Mainly by CYP Minor route Mainly by CYP iy Felbamate
- Elimination Inactive metabolite Unchanged form Unchanged (some) Precsccam [Faidanst
.......... ividualized ---------- L UGT substrat
Adverse effects Individualized il b r:illl’e rates Mild inducers yor inhibitors )
e tamotrieine Oxcarbazepine
Warfarin [Coumadin) .Orazepam
Morphine Toplramate
Mycophenolate mofetil
arsceamcl Asconape JJ. Neurol Clin 2010;28:843-52.

Expected changes in plasma concentrations when an AED is L.
added to a pre-existing regimen Concerning issues on DDI of AED

Pre-existing AED

AED added PB PHT PRM ETS CBZ VPA OXC LTG GBP TPM TGB LEV ZNS VGB FBM o C b
PB - PHTTL Ncop  ETsl  cezl wpal H-oxcl LTGL TPML TEBE o zNsl FBml
PHT PBT - prmL  ETsl cezd weal  H-oxcl LTgl TPML TGBE ZNsl Feml arba pe nems Va I p roate

o P
- -

PBT
PRM NCCP  PHTTL - ersl  cBzl wveal 2 LGl o TPML TGBE ZNsl - Feml
ETS o - NE - P VPAL NE NE NE NE NE NE NE  NE NE
cBZ = PHTTL PRML  ETSL - vPAl  H-0xCl LTGL o TPML TEBE o zNsl NE FBml ° I

PBT
VPA PBT PHTL* PBMT ETSTL CBZ-ET - o LTGT < TPML o o o NE o FO ate
[o)(e} PBT PHTT 2 ? CBZl < - LTGL NE 7 ? NE ? NE ? . . .
LTG o - NE NE P P NE B NE NE NE < P NE NE
GcBP o o NE NE o o NE NE - NE NE o NE  NE NE °V|t3m|n D & Ca|C|Um AEDS With
TPM - PHTT NE P VPAL 7 ? NE - ? NE ? NE ?
TGB o o PN NE P P NE NE NE NE - NE NE  NE NE H
LEV o o o NE o o NE o o NE NE - NE  NE NE o Oral Contraceptlves CYP ind ucers
ZNS - - NE NE GBZTL « ? - NE NE NE NE - NE ?
VGB PBL PHTL PRML NE cBzt NE NE NE NE NE NE NE - NE

= ° @ Immunosuppressants
FBM PBT PHT 2 ? cBzl VPAT o o  NE 2 ? NE ? P -

CBZET

PB=phenobarbital; PHT=phenytoin; PRM=pi 1e; ETS=elr GBZ- 1e; VP Iproic acid; OXG: LT 18; GBP-gabapentin;
TPM=topiramate; TGB=tiagabine; LEV=l tiracetum; ZNS=: VGB= ; FBM: H-OXC=10-hydroxy-cxcarbazepine (active metabolite of OXC); CBZ-

E=carbamazepine-10,11-epoxide. NE=none expected; *free (pharmacologically active) concentration may increase; NCGP=not commonly coprescribed; «»=No change; 1=a
minor {or inconsistent) decrease In plasma concentration; U=a clinically significant decrease In plasma concentration; T=a minor (or inconsistent) increase in plasma concentration;
TT=a clinically significant increase in plasma concentration

Patsalos PN, et al. Lancet Neurol 2003;2:347-56.




Differential pharmacology of AED

Advantages and disadvantages of selected AED

AEDs Advantages Disadvantages
Carba ] High effi Relatively low thei tic index, enzyme ind ash
Properties 1st generation 2" generation 3rd generation arbamazepine gh efficacy o efMey ow rapeutic ndex. ¢ neeer.
N : I 0 ool I : Valproate Broad spectrum, IV, rapid titration Weight gain, encephalopathy, tremor
Mechanism of action Simple MOAs (VGSC, GABA  Multiple MOAs or Novel target of action . P ) ) o ) . y .
(MOA) receptor) Specific target of action (PAM at AMPA, slow- Gabapen.tm Rapid tltn_atlon, f%'w AEs, no drug interaction Limited eﬂlcacy,_mmtlpl_e-dally dosing, renal clearance
(SV2A, T-type VGCC, N- inactivated VGSC) Pregabalin No drug interaction Somnolence, weight gain
type VGCC, GAT, GABA-T, Lamotrigine Broad spectrum, no cognitive AEs, psychotropic effect  Rash, slow and complex titration
AMPA/kainite receptor) Levetiracetam High efficacy, broad spectrum, rapid titration, IV, no  Psychiatric dysfunction, dose adjustment according to the
Pharmacokinetic interaction, no cognitive AEs GFR
properties Oxcarbazepine High efficacy, better PK/AE profile than carb pine  Rash, hypo
- Absorption Limited Good Good/prodrug Topiramate High efficacy, broad spectrum, low PK interaction Cognitive AEs, weight loss, glaucoma, renal stone
° Dlstrlbut}on H'g_h % PB Lo‘w %PB +/’A Zonisamide High efficacy, broad spectrum, low PK interaction, Cognitive AEs, weight loss, renal stone
- Metabolism Mainly by CYP Minor route Mainly by CYP once-daily dosing
- Elimination Inactive metabolite Unchanged form Unchanged (some) ) ) ) R ) ) o )
Lacosamide High efficacy, rapid titration, IV, no PK interaction, low  Dizziness, arrhythmia
Adverse effects e Individualized ---------- cognitive SE
Potential to develop drug High risk Low to moderate Low to moderate Perampanel Broad spectrum, long half-life Somnolence, dizziness
interaction - CYP substrate AEDs, antiepileptic drugs; IV, intravenous administration; AEs, adverse effects; GFR, glomerular filtration rate; PK, pharmacokinetic; SE, status
- CYP inducers / inhibitors epilepticus.
Lee SK. J Epilepsy Res. 2019;9(1):27-35.
Selection the AED for individualized patients Concerning factors for choosing AED in elderly
. . Seizure type Factor CBZ PHT PB VPA |GBP LMT LEV OXC PGB TOP ZNS |BVR CLO LAC PER RUF
chaizgf;?zﬁ“ . Epilepsy syndrome High protein bound X X X
. Seizure frequency Metabolism by CYP X X X X X X X X X X X
Disease Eliminated by renal X X X X X
Age Removed by HD X X X X
Sex Additional dose after HD X X X X X X X
Pregnan_cY Minimizing seizures Cognitive impairment X X X X X X X
Comorbidity S Minimizing adverse D - o . . X 2
Previous medications S S effects of medication e S . Efficacy spectrum SIEOPCIOSIS
Other concurrent Improving the . Side effects Hematologic toxicity X X X X
overall quality of life . .
medications *  AEDdrug interactions Rash X X X X X
Allergies : Rapid/slow titration Cardiac side effects X X X X X
Ethnicity/genomics . Half-life and dosing .
frequency requirements ypoiaticnia X X
*  Formulations (pill/liquid) Psychiatric effects X X X
| Cost * Interactions with OCs /4 bodyweight T T T T 1 !
nsurance . .
Availability Teratogenic risk T/ comedications R ) 7w 7w
Once daily X X X X

Moosa ANV. Continuum (Minneap Minn). 2019 Apr;25(2):381-407. doi: 10.1212/CON.0000000000000712.




Dose adjustments for
AED in kidney disease

Titoff V, et al. Am J Kidney Dis. 2019 Jan;73(1):90-101. doi: 10.1053/}.ajkd.2018.03.021.
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Product formulations of AED

@ Oral route
< Immediate formulation
£ Controlled-release formulation
e Carbamazepine CR tablet
* Phenytoin SR capsule
* Sodium valproate SR tablet
@ Injection route
= Intramuscular: midazolam, fosPHT, PB
< Intravenous

Antiepileptic drugs, recommended dosage, and laboratory monitoring

Differential pharmacology of AED

Properties 1%t generation 2"d generation 3rd generation

Mechanism of action Simple MOAs (VGSC, GABA  Multiple MOAs or Novel target of action

(MOA) receptor) Specific target of action (PAM at AMPA, slow-
(SV2A, T-type VGCC, N- inactivated VGSC)

type VGCC, GAT, GABA-T,
AMPA/kainite receptor)

Pharmacokinetic

Drug Half life Formulations Starting dose Maintenance dose  Dosing schedule Clinical/ laboratory monitoring
(hours) (mg/kg per day) (mg/kg per day)
Carbamazepine 25-65 tab, SR tab, susp 10 10-35 TID CBC, LFT, hyponatremia, serum levels
Phenobarbital 24-140 tab, susp, IV 3 3-6 Qb - BID Sedation, CBC, LFT, serum levels
Phenytoin 7-42 cap, SR cap, susp, IV 4 4-8 Qb -TID CBC, LFT, serum levels
Valproate 5-15 sugar-coated tab, ER tab, susp, IV 15 15-45 TID-QID CBC, LFT, serum levels
Gabapentin 4-7 cap, tab 10 25-50 TID Weight
Lamotrigine 6-11 tab 0.15-0.5 5-15 BID Rash, CBC, LFT
Levetiracetam 6-8 tab, ER tab, liquid, IV 10 40-100 BID Behavior
Oxcarbazepine 79 Tab 8-10 30-46 BID CBC, LFT, hyponatreamia
Pregabalin 6-8 cap, tab 35 Upto 14 BID-TID Weight
Topiramate 8-12 tab, sprinkle cap 13 59 BID Weight, renal stones, cognition, ocular pressure
Vigabatrin 6-10 tab 350-500 mg 1,000-3,000 mg BID Vision, behavior
Zonisamide 63 tab 2-4 4-12 BID CBC, weight, renal stones, rash
Brivaracetam 9 tab, IV 1 2-4 BID Behavior
Clobazam 36-42 tab 5mg 20-40 mg BID Sedation
Lacosamide 13 tab, IV 1 2-8 BID EKG (PR interval)
Perampanel 105 tab 2mg 8-12mg QHs Behavior
Rufinamide 6-10 tab 10 45 BID EKG (QT interval)

Sankaraneni R, et al. Pediatr Ann. 2015 Feb;44(2):e36-42. doi: 10.3928/00904481-20150203-10.

properties

- Absorption Limited Good Good/prodrug

- Distribution High % PB Low %PB +/-

- Metabolism Mainly by CYP Minor route Mainly by CYP

- Elimination Inactive metabolite Unchanged form Unchanged (some)
Adverse effects e Individualized ----------
Potential to develop drug High risk Low to moderate Low to moderate
interaction - CYP substrate

- CYP inducers / inhibitors

Formulation and IR, CR, Inj IR, Inj IR, Inj
administration 2-3 times/day 1-2 times/day 2 times/day




Relationship of PK-PD-diseases:
Concept of generics and bioequivalence

1anCe
Warss
aceutica! eauVe N
PE = arm Pharmacokinetics Pharmacodynamics Pathophysiclogy

T
i
i
|
2 'B
gesony % E
Drug 10 ;
concentration i P le—s ﬁmgw le—» ea::
inplasma 1 H effec parameters
A
Dn 1 5
g Output '
elimination (clearance) | (Clinical effects;
: (Pharmacological/ [surrogate]
(Surrogate) | surrogate) endpoints)

Bioavailability

(amount of drug that, once ingested, reaches the bloodstream)

Dingemanse J, Appel-Dingemanse S. Clin Pharmacokinet 2007;46:713-37.

Recommendations and considerations on the use of generic
AEDs for treatment of epilepsy

@ Generic AEDs that are bioequivalent to brand AEDs represent a valuable
choice in the management of epilepsy, particularly for patients initiating
monotherapy or as adjunctive treatment in patients with persistent
seizures

@ Generic substitutions are not recommended in patients who achieved
seizure remission

@ Switches between one generic AED to another should preferably be
avoided

@ ER or modified release (MR) formulations of AEDs should not be used
interchangeably with IR brand or generic products

Bialer M. Epilepsia 2007;48:1825-32.




