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Abstract 

Topiramate, a second-generation antiepileptic drug used to manage and treat epileptic seizures was approved by the 
FDA in 1996 as a solo or supplementary for the therapy of epilepsy. The frequency, severity, quality of life, and adverse 
events that topiramate has on epilepsy patients, including children and adolescents, are summarized in this review. The 
medication has a generally favorable safety profile and is well accepted, although monitoring the patient's medication, 
preventing its abuse, and improving patient outcomes all require knowledge. Despite the numerous scientific theories 
that surround the drug, more research into the uniqueness of medicine is required. This review will highlight the drug 
profile, synthesis, pharmacology, ADME properties, and computational study of topiramate. 
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1. Introduction

Epilepsy is one of the most common neurological diseases and the administration of anti-epileptic drugs is the first line 
treatment [1]. AEDs are mainly used for neurologic and psychiatric purposes and the primary use of this family of drug 
is treating seizures disorders. 

Topiramate is the drug which belongs to broad- spectrum second generation anti-epileptic drugs with multiple 
mechanism of action [2]. Topiramate received FDA approval for the treatment of epilepsy as monotherapy or adjunctive 
therapy in 1996[3]. It can be combined with other drugs like valproic acid in the treatment of epilepsy. Similarly, it can 
also be used as a prophylactic in the treatment of migraine particularly in adults [4,6].  Basically, this drug is FDA 
approved for the following benefits (Figure1):   
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Figure 1 Therapeutic benefits of topiramate 

In all these condition topiramate can be used as a monotherapy otherwise it can be combined with other anti-epileptic 
agents.This drug can be used both in the adults as well as pediatric patients but when it is used in children then the age 
should be greater than 2 years. 

The absorption of topiramate after oral administration is rapid with a bioavailability of about 80% and 2-4 h is the time 
to peak plasma drug concentration. The role of therapeutic drug monitoring in management of patients is still being 
determined and the exact relationship between blood concentration of topiramate and its toxicity is not yet established 
[5]. 

For the support of clinical studies, a reliable and simple method of analysis is needed. As the molecule has no UV, Visible 
or fluorescence absorption due to which the analysis of topiramate in blood is complicated and cannot be quantified by 
the technique such as HPLC with spectrophotometer or fluorescence detector. However, the analysis of topiramate can 
be done by using HPLC with refractive index detector [5]. 

Over the last three decades, AED search has come a long way and is considered as the modern era of anticonvulsants. 
Since 1993, there has been development of clinically efficient drugs for symptomatic relief of epilepsy along with 
topiramate, several new AED’s have been validated worldwide. (Table.1). 

Table 1 Chronological development of AEDs 

Year Name of AEDs 

1993 Felbamate 

1993 Gabapentin 

1994 Lamotrigine 

1996 Fosphenytoin 

1996 Topiramate 

1997 Tiagabine 

1999 Levetiracetam 

2000 Zonisamide 

2000 Oxcarbazepine 

2004 Pregabalin 
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2. Drug Profile 

Topiramate, having anticonvulsant property, is structurally distinct from other known AEDs as it is a sulfamate 
substituted and a derivative of the naturally occurring monosaccharide D-fructose [6]. 

The molecular structures and brand names (manufacturers) are shown in (Figure 2,3) and computed and physio-
chemical properties are listed in (Table 2,3). 

  
a b 

Figure 2: a) 2D structure; b) 3D structure[7] 

IUPAC Name: 2,3:4,5-bis-O-(1-methylethylidene)-β-D-fructopyranose sulfamate. 

 

Figure 3 Brand Names (Manufacturers) 

2.1. Synthesis 

Synthesis: It can be synthesized by two routes (Figure4): 

Route 1: Involves the reaction of D-fructose (A) with acetone in the presence of sulphuric acid to produce bisacetonide 
(B). The required topiramate (C) is then created by condensing bisacetonide(B) chemical with sulfamoyl chloride in the 
presence of sodium hydride. 
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 Route 2: In order to create the azido derivative (E), the intermediate (B) must first undergo a reaction with sulfuryl 
chloride to create sulfochloridate (D). To create topiramate (C), the azido derivative (E) was either reduced by copper 
powder in methanol or catalytic hydrogenation with palladium on carbon. 

 

Figure 4 Synthetic route for Topiramate 

2.2. Mechanism of action 

Topiramate's exact mode of action is unknown, however there is sufficient data to explain why the medicine has an 
anticonvulsant effect having multiple mechanisms of action that include blockade of voltage-sensitive sodium channels, 
potentiation of GABA(A)-evoked chloride flux, blockade of kainite/AMPA type of glutamate receptors. It also inhibits 
carbonic anhydrase [8]. 

Topiramate mainly works by blocking voltage-gated sodium channels, which mainly results of uninterrupted 
depolarizations during seizures and blockage of high-voltage-activated calcium channels is also done. Additionally, it 
alters voltage-gated K+ channels, which stabilise neuronal membranes and inhibit the propagation of action potentials 
as well as chronic membrane depolarization and neuropeptide release by lowering excitability [9].  

Topiramate antagonizes the AMPA/Kiante subtype of the glutamate receptor, the blocking of Kiante leads to elicit 
potentials which reduces neuronal [10]. Topiramate enhances the activity of neurotransmitter gamma-aminobutyrate 
at some subtypes of the GABA (A) receptor, which enhances inhibitory effects excitability and could contribute to the 
drug’s antiepileptic action. 

Topiramate being a fragile inhibitor of carbonic anhydrase enzyme particularly isoenzyme II and IV causing acidosis in 
the brain which results in protecting against seizures by down regulating NMDA receptor activity (Figure 5). 
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Figure 5 Mechanism of action of topiramate 

An aberrant and uncontrolled electrical discharge in the brain that results in a seizure. As a result, there is a brief 
disruption in brain activity that is characterized by: 

 Decreased alertness, 
 Strange sensations 
 Focused involuntary movement or convulsions.    

2.3. Pharmacokinetics 

2.3.1. Absorption 

The absorption of topiramate is effectively from GI tract showing peak plasma levels 2-3 hours. More than 80% of the 
drug is bioavailable [11]. The peak plasma concentration slows down as a result of intake of food, but the degree of 
absorption is unaffected. The absorption of the drug is slowed in presence of food however, there is no significant 
outcome [12]. As a result, topiramate can be given independently of mealtime. Topiramate's pharmacokinetics are 
linear and predictable over the prescribed dosing range (15-400 mg/day) [13]. 

2.3.2. Distribution 

The plasma protein-plasma protein binding of topiramate ranges from 13%   to 17%. As blood concentration rises, the 
fraction of bound topiramate drops [14]. 

2.3.3. Metabolism 

Topiramate is broken down through hydroxylation, hydrolysis, and glucuronidation [15]. 

2.3.4. Excretion 

Topiramate is excreted by the kidneys in both its unmodified form and as metabolites. Topiramate clearance in adults 
ranges from 20 to 30 mL/min. The average plasma elimination half-life is about 21 hours. The elimination half-life varies 
with age and the administration of enzyme-inducing or inhibitor medications concurrently. Patients using enzyme-
inducing medications such as phenytoin, barbiturates, and carbamazepine have higher clearance [16]. 
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2.4. Side effects 

 

Figure 6 Side effects of topiramate. 

Table 2 Computed Properties 

S.No. Properties* Values* 

1. Molecular Formula C12H21NO8S 

2. Molecular weight  339.36 

3. X LogP3-AA -0.8 

4. Hydrogen bond donor count 1 

5. Hydrogen bond acceptor count 9 

6. Rotatable Bond count 3 

7. Exact Mass 339.09878780 

8. Monoisotopic Mass 339.09878780 

9. Topological polar surface area 124 Å² 

10. Heavy atom count 22 

11. Formal charge  0 

12. Complexity 556 

13. Isotope atom count 0 

14. Defined atom stereocenter count  4 

15. Undefined atom stereocenter count 0 

16. Defined bond stereocenter count 0 

17. Undefined bond stereocenter count 0 

18. Covalently bonded unit count  1 

19. Compound is canonicalized yes 

*Properties and values obtained from PubChem [7]. 
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Table 3 Physio-chemical Properties.  

S.No. Properties* Values* 

1. Physical state Solid 

2. Color/ form White crystalline powder 

3. Taste Bitter 

4. Melting point  125-126 °C 

5. Solubility Soluble in sodium hydroxide or sodium phosphate. It is freely soluble in acetone, 
chloroform, dimethylsulfoxide, and  ethanol. 

6. Vapor pressure 7.0X10-8 mm Hg at 25 °C 

7. Log P 0.13 

8. pKa 8.7 

9. Collision cross 
section 

170.1 Å² 

*Properties and values obtained from PubChem [7]. 

2.5. Spectral Information 

The hypothetical 1H NMR and 13C NMR spectrum was computed by ChemDraw Professional 16.0 (Figure 7,8).  

 
 

Figure 7 ChemNMR1H Estimation Figure 8 ChemNMR13C Estimation 
 

3. HPLC method of analysis  

The absence of chromophore moieties in topiramate makes it challenging in presence of its main degradation product 
to be analyzed. A new method development for its estimation is needed, however much work has not been reported. A 
brief survey on its estimation is delineated. A new simple, precise, reliable, rapid and reproducible RP-HPLC method for 
validation of topiramate was developed to estimate topiramate in pharmaceutical dosage[17].Topiramate in 
pharmaceutical has been determined by a new sensitive and easy HPLC technique which is found to be more selective 
and linear[17].A HPLC method was developed and found suitable in determination of coating integrity of topiramate 
sprinkle formulation[18].Quantitative and dissolution of topiramate in tablet dosage forms have been determined by a 
HPLC method which was developed and validated[19].An isocratic HPLC method was applied for estimation of 
topiramate in sprinkle formulation. Recently a HPLC method has been developed for determination of topiramate using 
RI detector. The method was found to be simple, accurate, sensitive and selective and can be easily and conveniently 
adopted for quantitative analysis of topiramate [20]. A HPLC method for determination of topiramate using RI detector 
was developed [21]. The method was found to be simple, accurate, sensitive and selective. The developed method can 
easily and conveniently be adopted for quantitative analysis of topiramate [21]. 
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4. Computational Study 

4.1. Molecular Docking  

The molecular docking analysis was carried out utilizing the Molecular Operating Environment 2015.10 (MOE) 
Windows 10 Version 22H2 for x64 to evaluate their interaction and binding modalities with target receptors. Molecular 
Operating Environment 2015.10 (MOE) was used to create the 2D structures for synthesized molecules and then 
convert those 2D structures to their corresponding 3D structures [22]. From Protein Data Bank, the X-ray crystal 
structure of 4COF (PDB id) was downloaded and solved at a resolution of 2.97. By allocating H-bonds, performing 
minimization, and preparing the protein according to the MOE Quick Prep technique, the protein was optimized. The 
primary steps in molecular docking research include choosing and getting ready the right protein, grid creation, and 
getting ready the ligand, then docking and its analysis. Their binding affinities and the correct positioning of these 
chemicals in the receptor's active site was determined by using the docking score, hydrogen bonds, and pi-pi 
interactions generated with the enclosed amino acids. After being minimized, the ligand was saved in.mdb format. 
binding poses for the compound were analyzed by examining their free energy scores. 

5. Results and Discussion  

Molecular docking studies were used to evaluate topiramate's affinity for the GABA(A) R-BETA 3 homo-pentamer, the 
human gamma-aminobutyric acid receptor. The docking score was found to be -5.0730 Kcal/mol. Figure 9 displays the 
2D ligand interaction diagram for topiramate. Topiramate conforms well to the GABA(A) R-BETA 3 structure and 
establishes a single hydrogen bond with the most important active site residues.  

 

 

Figure 9 2D Ligand interaction of topiramate 

 

Figure 10 The receptor surface view of topiramate 
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The hydrogen bonding with the Arg68 amino acid residue was seen in the docking investigation. The receptor surface 
view of topiramate was represented in Figure 10. 

The 3D ligand interaction diagram of topiramate is represented in Figure 11. 

 

Figure 11 3D Ligand interaction of topiramate 

6. Conclusion  

This review presents an impetuous summation of pharmacological and computational study on topiramate (TPM). The 
drug constitutes a promising addition to the marketed anti-epileptic drugs. TPM has favorable pharmacokinetic and 
bioavailability and could be a valuable choice for considering it to be a third line treatment for patients suffering from 
refractory status epilepticus, however furthermore explanations are demanded.  
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