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Abstract 

 

Objectives: The current study goal was to come up with an immediate release (IR) formulation for lamotrigine. 

Lamotrigine is a low soluble and high permeable biopharmaceutical classification class (BCS)-II drug. Method: 4-

Hydroxy benzoic acid (4HBA), saccharin sodium (SAC), and methyl paraben (MP) were used as cocrystals formers to 

form IR tablets of lamotrigine. Variable amounts of L-Hydroxypropyl cellulose (L-HPC) and Croscarmellose sodium in 

different quantities using factorial design (22) by wet granulation. The amounts of the superdisintegrant (L-HPC and 

Croscarmellose sodium) X1 and X2 were chosen as independent variables to acquire drug release, respectively. The 

dependent variables were drug release, hardness, and disintegration time. Results: For each cocrystals formation, four 

formulations were created (4-HBA, SAC, MP), and a total of 12 formulations were tested utilizing pharmacopoeia 

limits. All of the factorial batches were found to be within the standard limits. All formulation dissolution 

characteristics were kinetically fitted, and numerous statistical parameters were established. For the dependent 

variables, polynomial equations were created and verified. Formulation F11, which contained 10 mg of HPC SSL and 3 

mg of Croscarmellose sodium, was the most comparable (similarity factor (f2) =60.86, difference factor (f1) =8.36) to 

the commercial product (Lamictal). Conclusion: Fickian diffusion, and zero-order kinetics (n = 0.3479) are followed by 

the optimal formulation (F11). The F11 formulation is used to treat simple and complicated partial seizures as well as 

generalized tonic-clonic seizures that are resistant to multiple medication treatments. The best formulation shows good 

retention characteristics, which will ultimately improve the clinical response. 

 

Key words: Factorial design, Fickian diffusion mechanism, Hydroxypropyl cellulose, Immediate release tablet, 

Lamotrigine, Zero order kinetics. 

 

1. Introduction 

 

The immediate-release dosage form should 

dissolve or disintegrate in the stomach within a 

short period of time. The advancements in 

increased oral protein delivery technologies, such 

as instant release tablets that may release 

pharmaceuticals at a faster rate, are particularly 

promising for the administration of poorly soluble 

drugs, such as high molecular weight proteins and 

peptides. Because of the low cost of therapy 

production and the convenience of administration, 

the oral route remains the best method for 

administering therapeutic agents. This results in 

high levels of patient compliance. [1-8] 

According to the literature, the use of 

superdisintegrants is critical in the preparation of 

medicinal products. The development of a quickly 

dissolving tablet is made possible by the use of 

appropriate diluents and super disintegrants. [9] 
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A superdisintegrant is utilized to achieve the 

highest rate of disintegration and solubility for 

optimum bioavailability. Because of the high need 

for faster dissolving, a new innovation of 

"Superdisintegrants" has been developed in 

addition to the disintegrates [10]. Superdisintegrant 

is commonly used by formulation scientists to 

develop Fast Dissolving Tablets (FDTs) or to 

increase medication solubility [11]. The most 

commonly used superdisintegrants are 

crospovidone (XPVP), croscarmellose sodium 

(CCS), low-substituted hydroxyl propyl cellulose 

(L HPC), and sodium starch glycolate (SSG). 

Among granulation techniques, wet granulation is 

the most widespread granulation technique used 

despite the fact that it involves multiple unit 

processes such as wet massing, drying, and 

screening, which are complex, time-consuming, 

and expensive, requiring large amounts of space 

and multiple parts of equipment. The current 

study focuses on the development of an IR 

formulation for lamotrigine. [12] Lamotrigine is 

an antiepileptic drug belonging to the 

phenyltriazine class. It is classified as 

biopharmaceutical class II. It's used to treat both 

epilepsy and bipolar illness, as well as a mood 

stabilizer. Lamotrigine works by selectively 

binding to the inactive sodium channel to block 

sodium currents. suppressing the release of the 

excitatory amino acid, glutamate. Lamotrigine is 

promptly and completely absorbed with minimal 

first-pass metabolism effects, with a 

bioavailability of 98%. Cmax is obtained between 

1.4 to 4.8 hours’ post-dose. Lamotrigine apparent 

volume of distribution (Vd/F) after oral dosing 

varies between 0.9 and 1.3 L/kg. Lamotrigine is 

thought to bind to approximately 55% of plasma 

proteins. It has an average elimination half-life of 

14–59 hours. It is eliminated from the body 

primarily in urine (65%) and with only a small 

portion excreted in feces (2%). [13-15] 

As a result, research was intended to prepare and 

assess IR tablets for Lamotrigine as a model 

medication, with the goal that the optimum 

formulation trial would exhibit the medicine's 

desired IR by means of an increased dissolving 

rate. 

In the design and development of pharmaceutical 

products, response surface methodology (RSM) 

with a polynomial equation has been widely used. 

22 factorial design, central composite design, and 

Box-Behnken design are examples of RSM 

variations. RSM is applied when only a few 

important factors are involved in the optimization 

process. This strategy has the benefit of requiring 

less testing and time, producing more effective 

outcomes, and being less expensive than classic 

experimental methods. [16-18] 

As a result, in the current study, an attempt was 

made to prepare IR Lamotrigine tablets utilizing 

Hydroxy Propyl Cellulose (HPC) and 

Croscarmellose Sodium (CCS). To study the 

influence of formulation factors on release 

properties, a normal statistical technique called 

design of experiments was utilized instead of a 

heuristic method. 

The influence of superdisintegrant on the drug 

release profile (effect of independent variables or 

factors), i.e., the quantity of HPC and CCS on the 

dependent variables (drug release, hardness, and 

disintegration time), was investigated using a 22 

factorial design [19]. 

 

2. Materials 

 

The resources utilized in the study came from a 

variety of places. Lamotrigine was a gift sample 

from A-Z pharmaceuticals at Chennai. 

Hydroxypropyl cellulose and Croscarmellose 

sodium were obtained from the Sigma-Aldrich 

chemical Pvt. Ltd, Microcrystalline cellulose 

lactose monohydrate, talc and magnesium stearate 

were purchased from Hi-media laboratories Pvt. 

Ltd. 

 

Methods 

 

2.1 IR Lamotrigine tablet formulation and 

development 

 

Quantities needed for the HPC and CCS in IR 

Lamotrigine tablet preparation were selected as 

independent variables one of the goal of IR forms. 

To achieve quick medication release, 

superdisintegrants were used. Backward stepwise 

linear regression analysis chose drug release (Y1), 

hardness (Y2), and disintegration time (Y3) as 

dependent variables. [20,21] 

The 2 levels of X1 (CCS) were 3 mg and 6 mg 

(weight with respect to per tablet). The 2 levels of 

X2 (HPC) were 4 mg and 10 mg (weight with 

respect to per tablet). Twelve IR Lamotrigine 

tablet formulations were created utilizing different 

combinations of three coformers cocrystals (HBA, 

SAC, and MP) with X1 and X2 being tested for 

the selection of the optimal composition needed to 

satisfy the study's primary goal. 

 

2.2 IR Lamotrigine tablets preparation by wet 

granulation technology  
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The ingredients were procured and weighed 

accurately. For 10-15 minutes, they were blended 

equally in a polythene bag. The weighed quantity 

of Cocrystals with half the quantity of CCS, HPC, 

and lactose monohydrate all passed through 

screening (#40). Granulation with distilled water 

and drying at 55 ºC in a hot air oven for 2 hours. 

The prepared granules were transferred to a sieve 

(#30) and mixed for 10 minutes with the 

remaining amounts of CCS. The lubricant was 

then added, followed by thorough mixing and 

compression using a tablet compressor. The 

pharmacopoeia limitations were verified on the 

finished tablets. The tablets were kept in airtight 

containers that were well-sealed. 

 

2.3 Design of an Experiment 

 

The experimental design employed in this study 

was a 22 factorial design, with the quantity of 

CCS labeled X1 and the quantity of HPC labeled 

X2, and they are presented in Table 1. The 2 

levels chosen for both X1 and X2, in the case of 

X1, were coded as -1=3 mg and +1=6 mg. X2 was 

coded as -1 = 4 mg and +1 = 10 mg. In Table 2, 

the factorial trail formulations are presented. 

 

2.4 IR Lamotrigine Tablets Evaluation 

 

2.4.1 Variation in weight 

 

The weight variation test is used to confirm that 

the weight of tablets in a batch is consistent. The 

average was computed using the total weight of 

20 tablets from each formulation. Individual tablet 

weights were also obtained with accuracy, and the 

weight variation was estimated. [22] 

 

2.4.2 Hardness 

 

A Monsanto hardness tester was used to carry out 

this test. The average hardness value is taken by 

measuring six tablets from each formulation. 

 

2.4.3 Friability 

 

This experiment was performed in a Roche 

friabilator. The original weight (W0) of 20 tablets 

was recorded, and they were then dedusted in a 

drum at 25 rpm for 4 minutes before being 

weighed (W). The following equation was used to 

compute percentage friability. The weight loss 

should not be more than 0.8%. 

%Friability = [(wo-w)/w] ×100 Equation 1 

 

2.4.4 Assay 

 

This experiment was carried out by pulverizing a 

set number of samples (20). The above-mentioned 

resulting combination powder was dissolved in 

100 mL of solvent (6.8 buffer) and sonicated if 

necessary filtering. An ultraviolet (UV)-visible 

spectrophotometer set to 239 nm was used to test 

the absorbance of the resultant solution. [22] 

 

2.4.5 Thickness 

 

Vernier calipers were used to carry out this test. 

Six tablets from each formulation are measured to 

get the average thickness value. 

 

2.4.6 Disintegration test  

 

Six glass tubes "3 long, open at the top, and held 

against a 10" screen at the bottom end of the 

basket rack assembly" were used as the USP 

device to test disintegration. One tablet is inserted 

in each tube, and the basket rack is placed in a 1-

liter beaker of distilled water at 37±2 oC, with the 

tablets remaining below the surface of the liquid 

on their upward movement and descending no 

closer than 2.5cm from the bottom of the beaker 

[23]. 

 

2.4.7 In vitro dissolution  

The USP Apparatus 2 was used to conduct the 

dissolution tests. Official techniques were 

followed, such as using 500 mL of pH 1.2 (0.1N 

HCl) buffer at 50 rpm and 37±0.5°C as the 

dissolving media. A pre-filter attached syringe 

was used to collect samples at pre-determined 

intervals, and new fluid was replaced at the same 

time. A Lab India UV-3200 UV-Visible 

spectrophotometer was used to assess the 

absorbance of samples at 239 nm (n=3) [23-25] 

2.4.8 Drug release kinetic modeling 

The kinetic data were statistically modeled using 

kinetics of zero order, first order, Higuchi, and 

Korsmeyer-Peppas. [26-29]. 

 

3. Results and Discussion  

 

A 22factorial design was used to construct 

Lamotrigine IR tablets in order to determine the 

optimal composition of superdisintegrants (CCS 

and HPC) and get immediate drug release from 

the formulation. The layout for an experimental 

design is presented in Table 1. The quantity of 

CCS and HPC were designated as independent 

variables (X1, X2) in the formulation design, 

whereas drug release (Y1), hardness (Y2), and 

disintegration time (Y3) were chosen as 

dependent variables. Four formulations were 
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developed for each Cocrystals former (4-HBA, 

SAC, MP) and a total of twelve formulations were 

designed. All trials had 20 mg of Lamotrigine 

with conformer crystals as an IR tablet dosage 

form by wet granulation, represented in Table 2. 

 

Table 1. Layout for an experimental design 
Name 

of 

Ingredi

ents 

Experimental design 

F

1 

F

2 

F

3 

F

4 

F

5 

F

6 

F

7 

F

8 

F

9 

F

1

0 

F

1

1 

F

1

2 

X-1 

(CCS) 

-1 1 -

1 

1 -

1 

1 -

1 

1 -

1 

1 -

1 

1 

X-2 

(HPC) 

-1 1 1 -

1 

-

1 

1 1 -

1 

-

1 

1 1 -

1 

CCS- Croscarmellose Sodium, HPC- Hydroxy 

propyl Cellulose 

 

Table 2. Formulation of IR Lamotrigine tablets 

 
 

LTG-Lamotrigine, CCS- Croscarmellose Sodium, 

HPC- Hydroxy propyl Cellulose, F1-F4: LTG+ 

HBA Cocrystals, F5-F8: LTG+ MP Cocrystals, 

F9-F12: LTG+SAC Cocrystals 

Various final product quality assurance tests were 

performed on all final batches, including weight 

variation, mean hardness, mean thickness, 

friability, and drug content [30-31]. Table 3 

shows a summary of the findings. 

 

Table 3. Parameters for ensuring the quality of 

the final product 

 

 
Mean a (n=20); b (n=6); c (n=10) 

The hardness of the produced batches ranged 

from 4.25±0.3 to 6.0±0.5 kg/cm2. The thickness 

of the final batches ranged from 2.65±0.15 to 

3.19±0.14 mm. The friability test yielded a result 

of less than 0.70 percent. The approval criterion 

for drug content in final batches was reached. For 

finished batches, drug release experiments were 

conducted using a pH 1.2 buffer under a standard 

set of settings of 50 rpm (paddle), 37±0.5°C. 

 

Table 4. Drug release kinetic modeling 

 
 

K0-Zero order rate constant, r2- Regression 

coefficient, K1-First order rate constant, KH-

Higuchi’s order rate constant, n-diffusion 

coefficient 

The findings show that all formulation batches 

match zero-order kinetics the best, with r2 values 

ranging from 0.887 to 0.999. They also suit 

Peppas' kinetics, with r2 values ranging from 

0.974 to 0.996. All batches follow a Fickian 

diffusion mechanism according to the Peppas 

kinetics (n values 0.348–0.468). Results are 

represented in Table 4. 
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Figure 1. Zero-order graphs for comparison of 

F1-F12 

 
Figure 2. Comparative first order plots of F1-F12 

 

The kinetic plots show the cumulative drug 

dissolution release shown in Figures 1-4, while 

Table 4 summarizes the statistical values. The 

percentage cumulative drug release for completed 

batches F1–F12 was 87.01–100.2 percent at the 

end of the 60th minute. The quantity of 

superdisintegrant was directly related to the rate 

of drug release, according to the findings. 

 

 
Figure 3. Higuchi plot for comparison of F1-F12 

 

 
Figure 4. Comparative Korsmeyer-Peppas plots 

of F1-F12 

 

The changes in the proportions of X1 and X2 

caused a variation in dependent variables. The 

release characteristics of Formulation F11, which 

contained 3 mg of CCS and 10 mg of HPC, were 

satisfactory (100.2 percent at the end of the 60th 

minute), owing to variations in the 

superdisintegrant concentration. 

An increase in superdisintegrant concentration 

causes a proportional increase in drug release (due 

to high disintegration). Kinetic modeling was 

used to examine the dissolving characteristics of 

IR Lamotrigine tablets. Table 4 and Figures 1-4 

summarize the findings. 

 
Figure 5. Response morphological plots 

 

With the aid of PCP Disso software, polynomial 

equations were established for all dependent 

variables using linear stepwise backward 

regression analysis, and response morphological 

plots were created using design of experiment 

version 12. 

Figures 5 show the response morphological plots 

for drug release (Y1), hardness (Y2), and 

disintegration time (Y3), with X1 and X2 on both 

axes to demonstrate the impacts of independent 
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factors on dependent variables. Table 4 shows the 

kinetic parameters for the trials (F1-F12). 

For the 22full factorial designs, the polynomial 

equation was as follows: 

Y=b0+b1 X1+b2 X2+b12 X1X2 Equation 2 

Y- dependent variable, b0- mean response of 12 

trials, b1- estimated coefficient for X1, b2 -

estimated coefficient for X2, b12- interaction term  

The dependent variable equations were derived as 

follows: 

Y= 94+0.87 X1-5.56 X2-4.837 X1X2 (Drug 

Release) Equation 3 

Y=4.78-0.075 X1 + 0.6750 X2-0.050 X1X2 

(Hardness) Equation 4 

Y= 16.02+ 5.87 X1 + 1.83 X2+ 10.742 X1X2 

(Disintegration) Equation 5 

The findings show that both X1 and X2 have an 

impact on drug release, hardness, and disintegration 

time. The findings suggest that increasing the 

amount of superdisintegrants increases the drug's 

release rate, and that the drug release rate may be 

adjusted by adjusting the amounts of X1 and X2 

to appropriate levels. The created polynomial 

equation was valid, confirming the accuracy of 

the obtained equations. The effects of X1 and X2 

on dependent variables were shown using 

response surface/surface morphological graphs. 

When compared to the marketed 

product(Lamictal), the final best (optimal, based 

on desirability factor over 0.999) formulation 

(F11) is an identical product with a similarity 

factor (f2) of 60.86, difference factor (f1) of 8.36, 

and a tcal is <0.05.  

 

4. Conclusion 

  

The current research work is aimed at the utility 

of superdisintegrants such as CCS and HPC in the 

formulation of IR tablets for Lamotrigine using a 

22-factorial design. The results revealed that the 

amount of superdisintegrant was directly 

proportional to the rate of drug release from the 

formulation. Several patients require immediate 

onset of action in a specific therapeutic situation, 

necessitating fast release of the medication. This 

issue is expected to affect half of the population, 

leading to an increase in the prevalence of 

ineffective therapy [31]. As a result, pharmacists 

want to create superdisintegrants, which give the 

quick disintegration and dissolve rate necessary to 

ensure optimal bioavailability. Formulation F11 

shows a Fickian diffusion mechanism and zero 

order release. This can be used to treat simple and 

complicated partial seizures as well as generalized 

tonic-clonic seizures that are resistant to multiple 

medication treatments. The best formulation 

shows good retention characteristics, which will 

ultimately improve the clinical response. 
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