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Classification and year of introduction of ASMs 

Hakami T. Neuropsychopharmacol Rep. 2021 Sep;41(3):336-351. 

Differential pharmacology of ASMs
Mechanism of action
Pharmacokinetic properties
Adverse effects
Potential to develop drug interaction
Formulation and administration



Mechanisms of neuronal excitability and 
target of actions for ASMs 

 Excitatory amino acid receptor-cation 
channel complexes (Glutamate, 
Aspartate)  Voltage sensitive 

K+ channel

 GABA-Cl- channel 
complex

 

 Voltage sensitive Na+ channels
 Voltage sensitive Ca2+ channels

Stafstrom CE. Pediatr Rev. 1998 Oct;19(10):342-51. 

Neurochemical and electrophysiological studies 
show that seizures result from brain region-
specific excessive excitatory processes or 
insufficiency of inhibitory neurotransmission

Molecular 
targets of 

antiseizure 
medications 

Klein P, et al. Nat Rev Drug Discov. 2024 Sep;23(9):682-708. 



Mechanism of actions of VGSC (sodium channel) blockers 

Phenytoin
Carbamazepine
Cenobamate
Oxcarbazepine
Eslicarbazepine acetate
Lamotrigine
Rufinamide
Topiramate
Valproate
Zonisamide
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Voltage-gated calcium channels (VGCCs) 

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

A number of single 
base changes have been 
identified in the genes 
encoding for the CaV3.1 
and CaV3.2 T-type 
calcium channels in some 
patients with generalized 
epilepsies

Huc S, et al. Biochim Biophys Acta. 2009;1793:947-52.
Proft J, et al. Mol Pharmacol. 2015’87(6):890-906.

Auxiliary subunits

Catterall WA. Annu Rev Cell Dev Biol. 2000;16:521-55.; Chen Y, et al. Front Neurol. 2014 May 9;5:45. 

Subunit 
composition 
and function 

of Ca2+

channel types 

T-Type calcium channel in 
absence seizures



T-type calcium channel mutations in epilepsy 

T-type calcium channels are critically involved in normal burst firing in the 
thalamocortical circuitry recruited in the spike-wave discharges that 
underlie absence seizures and in the intrinsic burst firing of hippocampal 
pyramidal neurons in temporal lobe epilepsy (TLE)

Variants in the T-type calcium channel gene CACNA1H which encodes a low-
threshold T-type Ca2+ channel were associated with childhood absence epilepsy
T-type calcium currents were significantly larger in CA1 pyramidal cells of 
animals in the kindling model of TLE

An inhibitor of T-type Ca2+ currents show anticonvulsive effects in the 
treatment of absence seizures 

Gambardella A, Labate A. Prog Brain Res. 2014;213:87-96. 

Ancillary subunits of voltage-gated calcium channels in 
seizure disorders 

Gambardella A, Labate A. Prog Brain Res. 2014;213:87-96. 

Ancillary calcium channel subunits are important regulators of 
HVA calcium channel function
Mutations in either - or α2--subunits have so far not been 
linked to epilepsy in humans (absence epilepsy, ataxia, TLE, 
juvenile myoclonic epilepsy) 



Binding of gabapentin & pregabalin to the 2- subunit resulting in decreased release 
of glutamate, substance P, calcitonin-gene-related peptide, and norepinephrine 

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

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.

SV2A



Mechanism of levetiracetam 

LEV binds reversibly, saturably, 
and sterospecifically to SV2A

LEV does not bind to its two 
isoforms, SV2B and SV2C

LEV binds to SV2A leading to 
decreased transmitter release 

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

LEV can inhibit HVA-Ca2 channels (N-type), negate the 
inhibition of negative allosteric modulators such as 
zinc and β-carbolines of GABA- and glycine-gated 
currents, and diminish the calcium release from 
intraneuronal stores 

Brivaracetam: an analog of levetiracetam 

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. 



Distinct roles of NMDA and AMPA receptor
Same glutamate receptor … Different action

Glutamate mediates most fast excitatory neurotransmission in the CNS

02

01 Underlies fast component of EPSP (seizure)

AMPA is the main receptor mediating rapid effects of glutamate

Underlies slow component of the EPSP
Involved in plasticity e.g. learning and memory, neuropathic pain

NMDA does not normally contribute to fast neurotransmission

Mechanism of ASMs at AMPA receptor 

Reduce postsynaptic neuronal excitability

Perampanel is not displaced by higher concentrations of glutamate



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

ASMs acting on GABAA receptor

Increases intracellular chloride levels

Increases transmembrane polarity

Makes the occurrence of action potential more difficult

BDZ = benzodiazepines
ETF = etifoxine
NS = neurosteroids

Synaptic and extrasynaptic GABAA receptors 

Benarroch EE. Neurology. 2007 Feb 20;68(8):612-4. 



Pharmacology of GABAA receptors classified by -subunit 

Rudolph U. Benzodiazepines. In Encyclopedia of Molecular Pharmacology 2008. 

Sedation / Dependence

Anterograde amnesia

Anticonvulsant activity

Anxiolysis

Myorelaxation

α1 α2 α3 α5

+ - - -

+ ND        ND ND

+ - - -

- + - -

- + + +

AED Inhibition of glutamate excitation Increase of GABA inhibition Ionic channel Other MOA

 Glu release Receptor blockade  GABA release/brain 
level

Allosteric 
modulators of 

GABAA receptor

Inhibit GABA 
transporter-1

Inhibit GABA 
transaminase

Modulators of 
VGSC

Blockade of VGCC Activation of 
KCNQ/Kv7

Benzodiazepines  (PAM at BZD)

Brivaracetam  (bind SV2A)  (fast)

Cannabidiol Block INaP

Cenobamate   (fast) Block persistent Na current (INaP)

Carbamazepine  (fast) Block INaP

Eslicarbazepine  (fast)  (LV-T, 3.2) Block INaP

Ethosuximide  (LV-T, 3.2)

Felbamate  (NMDA)   ( inh. effect)  (fast)

Gabapentin  (N, P/Q) Block INaP

Ganaxolone  (neurosteroid)

Lacosamide  (slow) Block INaP, Inh. CA

Lamotrigine  (fast)  (N, P) Block INaP, 5-HT1A PA

Levetiracetam  (bind SV2A)  (AMPA)  (HV-T)

Oxcarbazepine  (fast)  (N, P) Block INaP

Perampanel  (PAM at AMPA)

Phenobarbital  (AMPA)  (barbiturate)  (HV-T)

Phenytoin  (fast)  (HV-T) Block INaP

Pregabalin  (N, P/Q)

Retigabine/Ezogabine   (PAM at Kv7)

Stiripentol   (PAM at α3, )

Tiagabine 

Topiramate  (AMPA/kainite),    ( inh. effect)  (fast)  (L) Block INaP, Inh. CA II,IV

Valproic acid  (NMDA)  ( synthesis, 
metabolism/reuptake)

 (LV-T, 3.2) Block INaP, Inh. histone 
deacetylase, activate GAD

Vigabatrin 

Rufinamide  (fast)

Zonisamide  ( release,  uptake)  (fast)  (T) Free radical scavenger, inh. CA



From pharmacodynamic properties of ASMs to 
clinical application 

Classification based on MOAs --> epileptic syndrome
Single target of action
Multiple target of actions 

Therapeutic uses --> comorbidities
Narrow spectrum
Broad spectrum

Combination ASMs
Additive effects
Synergistic effects

 

Spectrum of antiseizure effects of approved antiseizure medications in preclinical 
seizure models and patients with epilepsy 

Löscher W, et al. CNS Drugs. 2021 Sep;35(9):935-963. 
GAERS genetic absence epilepsy rat from Strasbourg, Hz Herz, MES maximal electroshock seizures, WAG/Rij Wistar Albino Glaxo from Rijswijk, 
+ indicates efficacy, 0 indicates inefficacy or worsening of seizures, ?+ indicates inconsistent or preliminary findings, ? indicates insufficient data



Pharmacodynamic 
interactions of 

antiseizure 
medications 

Verrotti A, et al. Epilepsy Behav. 2020 Mar;104(Pt A):106939. 

Pharmacokinetic properties (ADME) of ASMs and 
clinical application 

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

• % Fat of total body composition 
(prolonged clearance rate)

Determine the dosing regimen
Determine time to steady state
Potential for PK drug interaction
Dosing adjustment in hepatic or 
renal impairment 

Rapidly absorbed (Tmax)
Effect of food on absorption rate 
(Tmax) and content (Cmax & AUC)
Water solubility (brand switching)

Plasma half-life



Pharmacokinetic 
profiles of ASMs 

Hakami T. Neuropsychopharmacol Rep. 
2021 Sep;41(3):336-351. 

NE, not established 
++++ Extensive hepatic metabolism and active 
metabolite(s) 
+++ Extensive hepatic metabolism but no active 
metabolite(s) 
++ Hepatic metabolism (with or without active 
metabolites) and renal excretion
+ Variable (or moderate) hepatic metabolism (with or 
without active metabolites) 
- Renal excretion (unchanged). No hepatic metabolism 
a ng/mL 
b Saturable 

Highly protein bound (88%)
Moderate protein binding (range 27.7-74.8%)
Minimally bound (<22%)
Non-protein-bound

(Patsalos PN, et al. Epilepsia. 2017 Jul;58(7):1234-1243.)

AEDs BCS class Bioavailability (%) Protein binding (%) Hepatic Metabolism Renally Excretion 
(%)

Phase I (CYP) Phase II (UGT)

Carbamazepine II 85 75 3A4

Clonazepam II 90 85 3A4

Diazepam II >90 98 2C19, 3A4

Ethosuximide I 100 0 2E1, 3A4 20

Lorazepam I 90 93 2B15

Midazolam I 35-44 95 3A4

Phenobarbital I 95-100 55 2C9, 2C19 22

Phenytoin II 90-100 90 2C9, 2C1

Valproic acid I 100 90 B-oxidation, 2C9, 2C19 1A6, 1A9, 2B7

Brivaracetam I 100 <20 2C19, hydrolysis 9

Clobazam II 100 85 2C19, 3A4

Eslicarbazepine I >90 <40 UGT1A4, 1A9, 2B4, 2B7, 2B17 90

Felbamate II <90 25 2E1, 3A4 UGT 50

Gabapentin III 35-60 0 >90

Lacosamide I 100 <15 2C19 40

Lamotrigine I 98 55 1A4

Levetiracetam I 100 0 Amidase 66

Oxcarbazepine
MHD

II >90 40 Cytosolic reductase
UGT 20

Perampanel N/D 100 95 3A4

Pregabalin I 90 0 >90

Retigabine I 60 80 UGT, NAT 20-30

Rufinamide III 85 35 Carboxylesterase 

Topiramate I 80 15 CYP 30

Vigabatrin I 60-80 0 95

Zonisamide I 90 50 3A4, 2C19 35

Anderson GD, et al. Clin Pharmacokinet. 2014;53(1):29-49.  



Dose adjustments for ASM 
in patients with renal 

impairment 

Títoff V, et al. Am J Kidney Dis. 2019 Jan;73(1):90-101. 

ASM pharmacokinetics, likelihood of removal by CRRT 
modality and empiric dosing strategies 

Smetana KS, et al. J Crit Care. 2016 Dec;36:116-124. 



Recommendations for usual dosing and monitoring of 
specific ASMs in liver disease 

Shehata GA. Arch Neurol Neurosci 6(3):2020. DOI: 10.33552/ANN.2020.06.000638

Dosage of perampanel in hepatic 
insufficiency

A) Mild impairment: Initial, 2 mg 
orally once daily at bedtime and 
may increase dose by 2 mg/day 
no more frequently than every 2 
weeks to MAX, 6 mg/day

B) Moderate impairment: Initial, 
2 mg orally once daily at bedtime 
and may increase by 2 mg/day no 
more frequently than every 2 
weeks to MAX, 4 mg/day

C) Severe impairment: Use not 
recommended

Selected CYP3A4 inducers and inhibitors 

https://www.pharmacytimes.com/view/drug-interactions-with-cyp3a4-an-update



Potential to develop drug-drug interactions of ASMs 

Asconape JJ. Neurol Clin. 2010;28:843-52. 

Negligible or no 
effect

Brivaracetam
Clobazam 

Ethosuximide
Gabapentin
Lacosamide
Lamotrigine

Levetiracetam
Perampanel
Pregabalin
Rufinamide
Tiagabine
Vigabatrin

Zonisamide

Expected changes in plasma concentrations when an AED is 
added to a pre-existing regimen 

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



Some ASMs are P-glycoprotein substrate and inducer 

P-gp substrate
phenytoin, felbamate, 

topiramate, 
carbamazepine, 

lamotrigine, 
phenobarbital, 

gabapentin, topiramate

Phenytoin

Carbamazepine 

Veiga-Matos J, et al. Molecules. 2023 Nov 10;28(22):7532.; Rosillo-de la Torre A, et al. Front Biosci (Elite Ed). 2014 Jun 1;6(2):329-40.  

Overview of 
adverse effects 

of individual 
antiseizure 

drugs 

Schmidt D, Schachter SC. BMJ. 2014 Feb 28;348:g254. 



Common and serious adverse effects of ASMs 

Hakami T. Neuropsychopharmacol Rep. 2021 Sep;41(3):336-351. 

HLA-B*1502 and carbamazepine-induced severe 
cutaneous adverse drug reactions 

Tassaneeyakul W, et al. Epilepsia. 2010 May;51(5):926-30. 





Hakami T. Neuropsychopharmacol Rep. 2021 Sep;41(3):336-351. 

Antiepileptic drugs, recommended dosage, and laboratory monitoring  
Drug Half life 

(hours)
Formulations Starting dose 

(mg/kg per day)
Maintenance dose

(mg/kg per day)
Dosing schedule Clinical/ laboratory monitoring

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 QD – BID Sedation, CBC, LFT, serum levels

Phenytoin 7-42 cap, SR cap, susp, IV 4 4-8 QD – 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 7-9 Tab 8-10 30-46 BID CBC, LFT, hyponatreamia

Pregabalin 6-8 cap, tab 3.5 Up to 14 BID – TID Weight 

Topiramate 8-12 tab, sprinkle cap 1-3 5-9 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 5 mg 20-40 mg BID Sedation 

Lacosamide 13 tab, IV 1 2-8 BID EKG (PR interval)

Perampanel 105 tab 2 mg 8-12 mg QHS Behavior 

Rufinamide 6-10 tab 10 45 BID EKG (QT interval)

Sankaraneni R, et al. Pediatr Ann. 2015 Feb;44(2):e36-42. 



Differential pharmacology of AED 
Properties 1st generation 2nd generation 3rd generation

Mechanism of action 
(MOA)

Simple MOAs (VGSC, GABA 
receptor)

Multiple MOAs or 
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)

Pharmacokinetic 
properties

- Absorption
- Distribution
- Metabolism
- Elimination

Limited
High % PB
Mainly by CYP
Inactive metabolite

Good
Low %PB
Minor route
Unchanged form

Good/prodrug
+/-
Mainly by CYP
Unchanged (some)

Adverse effects ---------- Individualized ----------

Potential to develop drug 
interaction

High risk 
- CYP substrate
- CYP inducers / inhibitors

Low to moderate Low to moderate 

Formulation and 
administration

IR, CR, Inj
2-3 times/day

IR, Inj
1-2 times/day

IR, Inj
2 times/day

Selection the AED for individualized patients 

Moosa ANV. Continuum (Minneap Minn). 2019 Apr;25(2):381-407. 

Minimizing seizures 
Minimizing adverse 

effects of medication
Improving the 

overall quality of life

Epilepsy 
characteristics

AED 
characteristics

Cost
Insurance

Availability 

Patient 
characteristics

• Age
• Sex
• Pregnancy
• Comorbidity
• Previous medications
• Other concurrent 

medications
• Allergies
• Ethnicity/genomics

• Efficacy spectrum
• Side effects
• AED drug interactions
• Rapid/slow titration
• Half-life and dosing 

frequency requirements
• Formulations (pill/liquid)
• Interactions with OCs
• Teratogenic risk

• Seizure type
• Epilepsy syndrome
• Seizure frequency
• Disease 


