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ABSTRACT

Aims: Lamotrigine (LMG) is a poorly water-soluble antiepileptic drug (0.17 mg/mL at 25°C), commonly prescribed for epilepsy, including secondary generalized tonic-clonic seizures, as well as simple and complex partial seizures. Due to its low solubility and swallowing difficulty in some patients, the present study aimed to enhance its solubility and formulate it as oral disintegrating tablets (ODTs) for rapid onset of action. 
Methodology: Lamotrigine ODTs were produced via the direct compression technique with varying concentrations of various superdisintegrants such as Pharmaburst 500 (a co-processed excipient containing 95% fructose and 5% starch), Croscarmellose sodium and Crospovidone. Seven formulations were made and assessed for parameters before and after compression.
Results: All tablets exhibited satisfactory results in terms of weight variation, hardness (2.8–4.0 kg/cm²), friability (<1%), and in vitro dispersion time (7.62–30 sec). Drug content uniformity ranged from 97.2% to 100%, indicating even distribution. FTIR analysis confirmed no significant interaction between Lamotrigine and the superdisintegrants. In vitro drug release studies conducted over 45 minutes revealed more than 97% drug release in all batches. Among them, formulation F3 containing Pharmaburst 500 demonstrated the highest release of 99.39% within 30 minutes.
Conclusion: The study concludes that ODTs of Lamotrigine prepared using Pharmaburst 500 and suitable superdisintegrants effectively enhance solubility and offer a patient-friendly dosage form with faster drug release, potentially improving therapeutic outcomes and patient compliance.
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1. INTRODUCTION

Epilepsy is a long-term brain disorder that causes repeated seizures due to unusual electrical activity in the brain, mainly in areas like the hippocampus and neocortex [1]. It affects around 65 million people around the world and can also lead to other mental health problems like depression and anxiety [2]. 

Chemically known as 3, 5-diamino-6-(2, 3-dichlo-rophenyl)-1,2,4-triazine, Lamotrigine is a broad-spectrum anti-epileptic drug that was first authorized in Ireland in 1990 and the US in 1994. Lamotrigine has a bitter taste. Following oral administration, lamotrigine is quickly and entirely absorbed with very little first-pass metabolism (absolute bioavailability of 98%). It belongs to BCS Class II (Low solubility & High permeability) and is very slightly soluble in water (0.17 mg/ml at 25°C). The immediate release formulation usually reaches its peak concentration 1.4–4.8 hours later [3]. Its poor aqueous solubility is the cause of this delay in the onset of action despite good bioavailability [4]. Since seizures often occur suddenly and unpredictably, a faster onset of action is essential to provide quick relief and improve patient safety [5].

One of the formulations that yields the rapid onset of action is an orally disintegrating tablet [6]. The US Food and Drug Administration defines ODTs as "a solid dosage form containing medicinal substances which rapidly disintegrates, usually within a matter of seconds, when placed upon the tongue." However, the European Pharmacopeia described them as "uncoated tablets intended to be placed in the mouth where they rapidly disperse before being swallowed," adding that the disintegration time is less than three minutes [7].

To create the ODTs, a variety of techniques have been used, including molding, extrusion, phase transition, compression, and sublimation. Because of its advantages, such as (1) ease of use and cost-effectiveness, (2) accessibility to manufacturing and packaging equipment, (3) availability of excipients, and (4) adaptability to large-scale or industrial-scale manufacturing, direct compression is a preferred manufacturing method among these [8].

For drugs which are poorly soluble when taken orally, the rate of dissolution often controls the rate of absorption. The rate of tablet disintegration can also affect a drug's dissolution. Tablets which break up more quickly release a fine suspension of drug particles, increasing their surface area and speed of dissolution [9]. Thus, superdisintegrants are used in the preparation of ODTs of lamotrigine to improve its solubility [10]. The effects of various superdisintegrants—pharmaburst 500, croscarmellose sodium and crospovidone—were investigated.
The aim of this study was to formulate lamotrigine ODT using direct compression technique and to investigate the effect of different superdisintegrants like pharmaburst 500, croscarmellose sodium and crospovidone on the disintegrating and dissolution properties of tablets.

2. MATERIALS AND METHODS

Materials
Lamotrigine was purchased from Yarrow Chem Products. Magnesium stearate and Avicel pH 102 were procured from Loba Chemie Pvt. Ltd. Pharmaburst 500 was purchased from Opulent pharma, Hyderabad, Telangana. Croscarmellose sodium and crospovidone were purchased from S D Fine-Chem Limited, Mumbai. Silica dioxide and mannitol were purchased from Sisco Research Laboratories Pvt Ltd, Mumbai. All other chemicals and solvents were reagent grade and used as received.

Construction of calibration curve [4]
Lamotrigine that had been precisely weighed was added to a 50 ml volumetric flask. To create a standard stock solution with a concentration of 100 µg/ml, it was dissolved in 10 ml of methanol and the volume was adjusted with phosphate buffer pH 6.8. A secondary stock solution of 10 µg/ml is made by diluting 5 ml of this solution with 50 ml of buffer. A series of standard solutions containing 5, 10, 15, 20, 25, and 30 μg/ml of lamotrigine were prepared by diluting this solution with buffer. A Shimadzu 1900i UV spectrophotometer was used to analyze the solutions, and phosphate buffer (pH 6.8) was used as a blank to quantify the absorbance at 307 nm. The calibration curve of lamotrigine was plotted as shown in the Graph 1.

Preparation of ODTs [11] 
[image: ]
picture 1- Preparation of Oro- Dispersible tablet
Utilizing several superdisintegrants, lamotrigine ODTs with varying compositions were created via direct compression approach. Mannitol, MCC, superdisintegrant, and lamotrigine were all run through a 60 mesh filter. Magnesium stearate and silica dioxide were sieved independently using a 40 mesh screen. A 7 mm circular flat-faced punch on a rotary tableting machine (Rimek tablet compression machine) was used to compress the powder blend into tablets after a weighed amount of each ingredient was combined in a mortar and pestle. Table 1 lists the ingredients of each lamotrigine ODT formulation.
Table 1: Formulation table of lamotrigine ODTs
	Ingredients 
	F1
	F2
	F3
	F4
	F5
	F6
	F7

	Lamotrigine (mg)
	25 
	25 
	25 
	25 
	25 
	25 
	25 

	Magnesium stearate (mg)
	2.5 
	2.5 
	2.5 
	2.5 
	2.5 
	2.5 
	2.5 

	Microcrystalline cellulose (mg)
	75 
	67.2 
	56.4 
	69 
	58.5 
	82.75 
	77 

	Mannitol (mg)
	55 
	55 
	55 
	59 
	59 
	58.5 
	59 

	Silica dioxide (mg)
	5 
	5 
	5 
	5 
	5 
	5 
	5 

	Pharmaburst 500 (95% fructose, 5% starch) (mg)
	37.5 
	45.3 
	56.1 
	-
	-
	-
	-

	Crospovidone (mg)
	-
	-
	-
	39.5 
	50 
	-
	-

	Croscarmellose sodium (mg)
	-
	-
	-
	-
	-
	26.25 
	31.5 



Assessment of powder mixtures
The bulk density, tapped density, and angle of response of powder blends have all been assessed. The bulk and tapped densities of the powder blends were used to compute the Compressibility Index and Hausner's ratio.

Bulk density [12] 
The bulk density (Db) was calculated by pouring the powder mixture into a graduated cylinder and measuring the initial volume of the cylinder as the powder's mass (m) and bulk volume (Vb). The bulk density is calculated using the formula below:
Db = m / Vb

Tapped density [13]
The tapped density (Dt) is calculated by placing a weighed mass (m) of powder in a 25 ml graduated cylinder and noting the cylinder's initial volume. After that, fifty mechanical taps are made on the cylinder. The volume of powder occupied (Vt) is measured following tappings. The following formula is used to determine the tapped density:

Dt = m / Vt

Angle of repose [14]
The powder was permitted to pass through the funnel, which was fixed at a certain height on a tripod platform. The angle of repose (θ) is then calculated by measuring the height (h) and radius (r) of the resultant powder pile. The angle of repose is calculated using the formula:

θ = tan-1 (h/r)

Compressibility index [15]
Carr's compressibility index was used to calculate the powder's index of compressibility.

Carr’s index (%) = [(Dt-Db) X 100] / Dt

Hausner’s ratio [16]
This is an additional metric that gauges the powder's flowability. Following formula was used to calculate it:

Hausner’s ratio = Db / Dt

Tablet evaluation
Multiple quality control initiatives, including weight variation, hardness, thickness, friability, disintegration time in vitro, and drug content, were assessed for the tablets.

Weight variation [17]
Twenty randomly selected tablets were weighed on average. The percentage of deviation from the mean was computed.

Hardness [18]
The force needed to break a tablet when it was placed diametrically in a Monsanto hardness tester was used to measure the tablets' hardness. The tester is made up of two plungers and a barrel with a compressible spring inside. A zero reading was seen when the lower plunger contacted the tablet. By rotating a thread bolt, the upper plunger was pushed up against a spring until the tablet broke. A pointer travels along a gauge in the barrel to show the force—a measurement of hardness—as the spring was compressed.

Thickness [19]
The thickness of the produced tablets was measured with a vernier caliper. Tablet thickness is measured in millimeters (mm). Five pills of each formulation were tested, and the average values were determined.

Friability [20]
After being weighed collectively, ten tablets were put inside the friabilator chamber. Since the plastic chamber containing the tablets dropped them six inches away with each round, the friabilator was run for 100 revolutions at 25 rpm, subjecting the tablets to the combined effects of shock and abrasion. After that, the tablets were cleaned and weighed again.
Friability (%) = (Loss in weight / Initial weight) x 100

In vitro disintegration time [21]
The process of breaking down or breaking the tablet into smaller pieces is called disintegration. The USP disintegration apparatus was used for the in vitro disintegration test. Each tube of the disintegration apparatus, which contained 900ml of water at 37±0.5°C, contained six tablets from each formulation. The amount of time it takes for the entire tablet to dissolve is noted, and an average is calculated. Disintegration time for ODTs is measured in seconds.

In vitro dissolution study [22]
The formulation was subjected to in vitro dissolution tests at 75 rpm using USP class II (paddle type) equipment. The drug release profile was examined at 37±0.5°C in 900 mL of pH 6.8 phosphate buffer. At predetermined intervals, an aliquot of 10 milliliters of dissolution medium was removed and replaced with new medium to keep the sink condition stable. One milliliter of media was utilized for washing. After filtering the samples, UV spectroscopy was used to measure absorbance at 307 nm. The average readings were obtained after six pills were administered. At different time points, the percentage of drug released was computed.

Drug content [23]
Two tablets were taken and powdered. Accurately weighed quantity of powder equivalent to 50 mg of the drug was transferred to 50 ml volumetric flask. 6.8 pH phosphate buffer (10 ml) was added for dilution and kept it in the sonicator for 2 hours and then take out and filtered and appropriately diluted. It was analyzed by UV spectrometer at 307 nm.

FTIR Studies [24]
In addition to identifying the functional groups, incompatibilities between the drug and excipients can be ascertained through IR studies. To identify any potential drug-excipient interactions—which are indicated by a change in the position or disappearance of any characteristic peak of the compound—FTIR studies were conducted using Shimadzu FTIR for the pure drug, different excipients, and the optimized formulation blend.

3. RESULTS AND DISCUSSION

Results

Construction of calibration curve
The absorbance of the standard solutions of concentrations 5 - 30 μg/ml of lamotrigine was checked. The absorbances are shown in the table. The calibration curve of lamotrigine was plotted as shown in the figure 1. 

Table 2. Calibration table
	Sl. No.
	Concentration (μg/ml)
	Absorbance at 307 nm

	1
	5
	0.149

	2
	10
	0.314

	3
	15
	0.463

	4
	20
	0.627

	5
	25
	0.785

	6
	30
	0.925



Figure 1. Calibration curve of lamotrigine

Evaluation of powder blends
For every prepared formulation, as shown in Table 3, a blend of medication and excipient was created, and its micromeritic properties were evaluated. The ranges for the angle of repose, bulk density, and tapped density were 20.80±1.220 to 38.99±0.550, 0.36±0.27g/cm³ to 0.47±0.12g/cm³, and 0.42±0.26g/cm³ to 0.59±0.46 g/cm³. Hausner's ratio varied from 1.10±0.32 to 1.51±0.21, and Carr's Index varied from 9.61±0.12% to 33.8±0.21% for various formulations.
                          Table 3. Precompression characteristics of different powder blends
	Formulation code
	Bulk Density (g/cm³)
	Tapped Density (g/cm³)
	Carr’s Index (%)
	Hausner’s
ratio
	Angle of repose (°)

	F1
	0.47±0.12
	0.52±0.31
	9.61±0.12
	1.10±0.32
	38.99±0.55

	F2
	0.41±0.21
	0.47±0.14
	12.76±0.21
	1.14±0.22
	26.56±0.90

	F3
	0.44±0.43
	0.49±0.22
	10.20±0.31
	1.11±0.21
	20.80±1.22

	F4
	0.36±0.27
	0.42±0.26
	14.28±0.42
	1.16±0.23
	35.52±0.38

	F5
	0.39±0.56
	0.59±0.46
	33.8±0.21
	1.51±0.21
	34.27±0.33

	F6
	0.41±0.44
	0.51±0.34
	19.60±0.22
	1.24±0.32
	31.59±0.24

	F7
	0.37±0.32
	0.54±0.21
	31.48±0.21
	1.45±0.21
	34.99±056



Evaluation of tablets
Weight variation and friability test results were found to be within the permitted limits, and the ODTs' hardness ranged from 2.1±0.14 kg/cm2 to 4.1±0.11kg/cm2 (Table 4). The tablet thicknesses of all ODTs ranged from 2.0±0.24mm to 2.90±0.41mm. The drug content for the formulations ranged from 90.42±0.98% to 99.26±1.43%.  

Table 4. Post-compression parameters of formulations
	Formulation code
	Thickness (mm)
	Hardness
(kg/cm2)
	Weight variation (%)
	Friability (%)
	Drug content (%)

	F1
	2.85±0.21
	2.4±0.33
	1±0.02
	0.63±0.26
	97.2±1.11

	F2
	2.60±0.11
	3.2±0.41
	2±0.46
	0.52±0.15
	97.9±1.43

	F3
	2.0±0.24
	3.6±0.26
	2.9±0.11
	0.73±0.25
	99.26±1.43

	F4
	2.90±0.41
	2.1±0.14
	2±0.3
	0.89±0.14
	90.42±0.98

	F5
	2.15±0.26
	2.5±-0.19
	2.9±0.46
	0.75±0.11
	90.95±0.99

	F6
	3.0±0.19
	4.1±0.11
	2±0.5
	0.45±0.17
	99.1±0.75

	F7
	2.70±0.25
	4.0±0.15
	3±0.11
	0.54±0.43
	91.2±0.45



In vitro disintegration time
Seven (F1–F7) Lamotrigine oral disintegrating tablets (ODTs) were developed employing several superdisintegrants, including Pharmaburst 500, Crospovidone, and Croscarmellose sodium, in varying doses. The values derived from measuring the tablets' disintegration time are displayed in table 5:
Table 5. In vitro disintegration time of prepared lamotrigine ODTs
	Formulation code
	Disintegration time(sec)

	F1
	21.81±0.14

	F2
	19.2±0.23

	F3
	13.7±0.18

	F4
	7.65±0.33

	F5
	6.62±0.25

	F6
	25.34±0.31

	F7
	21.36±0.33



In vitro dissolution study [25]
One of the most important tablet quality characteristics that influences a drug's bioavailability and, consequently, its pharmacological action is its dissolution profile. The in vitro release profiles for each formulation at pH 6.8 are shown in Figure 2. The in vitro release study's findings generally showed that all tablets had a significantly higher dissolution rate because of the larger surface area that was available for dissolution following the tablets' quick breakdown into finer particles and smaller granules. In 30 minutes, formulation F3 demonstrated the highest percentage drug release of 99.39%. The graph and table 6 display the dissolution results. Based on the dissolution studies, F3 formulation was selected for drug-excipient compatibility study.
Table 6. In vitro drug release studies of prepared lamotrigine ODTs
	Formulation code
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min

	F1
	49.02±0.61
	53.11±0.30
	66.21±0.53
	69.25±0.33
	75.23±0.48
	84.2±0.96

	F2
	52.42±0.42
	58.24±0.46
	64.04±0.83
	68.33±0.94
	74.33±0.64
	86.47±0.34

	F3
	66.23±0.27
	74.3±0.38
	79.34±0.68
	83.46±0.92
	94.36±0.36
	99.39±0.62

	F4
	32.21±0.6
	42.4±0.26
	49.71±0.48
	61.3±0.66
	70.3±0.33
	74.31±0.46

	F5
	36.14±0.19
	43.31±0.69
	52.32±0.91
	66.67±0.14
	70.44±0.21
	81.33±0.61

	F6
	27.82±0.61
	32.59±0.22
	47.54±0.31
	59.23±0.94
	66.67±0.46
	74.31±0.28

	F7
	22.61±0.77
	41.28±0.49
	49.12±0.67
	66.26±0.19
	69.43±0.26
	77.28±0.46
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Figure 2. Comparative graph showing dissolution profiles

FTIR Studies
In addition to identifying the functional groups, incompatibilities between the drug and excipients can be ascertained through IR studies. FTIR analysis was performed on the pure drug, Pharmaburst 500, and the physical mixture of the drug and Pharmaburst 500.

[image: ]The drug sample showed characteristic functional group peaks at 3385cm-1 that corresponds to –NH stretching (amino), 3203cm-1 due to –CH (aromatic), 1629cm-1 and 1431cm-1 due to C=C ring, and 981cm-1 indicates C-Cl of halides indicated in Figure 3 [26].

Figure 3. FTIR spectrum of Lamotrigine
The figure 4 shows the FTIR spectrum of the superdisintegrant, Pharmaburst 500 [27]. 
[image: ]

Figure 4. FTIR spectrum of Pharmaburst 500

The figure 5 depicts the FTIR spectrum of the blend of the Lamotrigine and Pharmaburst 500. The characteristic peaks of the lamotrigine were retained in this spectrum, suggests that no compatibility issue between those two. 
[image: ]
Figure 5. FTIR spectrum of Drug + Pharmaburst 500

Discussion

Lamotrigine's poor water solubility and lack of a rapid onset of action were the goals of the creation of oral disintegrating tablets (ODTs), which are crucial for treating sudden and unexpected seizures. The study investigated how the disintegration and dissolving behavior of the formulations were affected by three different superdisintegrants: Pharmaburst 500, Crospovidone, and Croscarmellose sodium.
Pre-compression evaluations such as angle of repose, Carr’s index, and Hausner’s ratio revealed acceptable flow properties for most of the powder blends, indicating good suitability for direct compression. Slight variations in compressibility and flow were observed based on the type and quantity of superdisintegrant and diluent used. Crospovidone-based formulations exhibited slightly higher Carr’s index values, suggesting lower flow, possibly due to its fine particle size and high-water uptake capacity [28].
Post-compression parameters like hardness, friability, and weight variation were within acceptable limits for all formulations, confirming mechanical strength and uniformity. Tablet hardness was generally influenced by the type of excipient; formulations with higher concentrations of microcrystalline cellulose showed better compactness. Friability values below 1% confirmed good tablet integrity [29]. 
The disintegration time of ODTs plays a crucial role in ensuring quick onset of action, particularly for drugs like Lamotrigine, which are intended for rapid relief. Among the seven formulations, F5 (containing 50 mg of Crospovidone) exhibited the shortest disintegration time of 6.62 sec, followed by F4 (39.5 mg of Crospovidone) with 7.65 sec. These results indicate that Crospovidone is highly effective in reducing disintegration time, likely due to its excellent swelling and wicking properties.
Formulations F1–F3, which incorporated increasing amounts of Pharmaburst 500, showed a gradual decrease in disintegration time, with F3 (56.1 mg) achieving a notable time of 13.7 sec. This demonstrates that Pharmaburst 500, being a co-processed excipient, also enhances disintegration, though not as rapidly as Crospovidone.
On the other hand, F6 and F7 containing Croscarmellose sodium showed higher disintegration times of 25.34 sec and 21.36 sec respectively, indicating relatively slower action compared to the other superdisintegrants.
Overall, the study confirms that both the type and concentration of superdisintegrant significantly impact the disintegration behaviour of Lamotrigine ODTs, with Crospovidone proving to be the most efficient in enhancing rapid disintegration [30].
Among all the formulations, the one containing Pharmaburst 500 (F3) showed the highest drug release (99.39%) within 30 minutes, which can be attributed to its high water solubility and rapid disintegration properties. The co-processed nature of Pharmaburst 500 (fructose and starch) likely contributed to both faster dispersion and improved wettability of the drug particles, leading to enhanced dissolution [31].
Formulations with Crospovidone (F4 and F5) showed moderate to good drug release, with improved disintegration but slightly slower dissolution compared to F3. This may be due to the formation of a gel-like matrix upon swelling, which can sometimes slow down the drug’s release, even if disintegration is rapid.
Formulations containing Croscarmellose sodium (F6 and F7) exhibited slower drug release, which might be related to its swelling behavior that delays the wetting and dispersion of drug particles.
Overall, the results confirm that faster disintegration does not always guarantee faster dissolution, as it also depends on the wetting, solubility, and interaction of excipients. The use of Pharmaburst 500 proved to be most effective in enhancing both disintegration and dissolution, making it the optimal choice among the tested superdisintegrants for Lamotrigine ODTs [32].
FTIR analysis was conducted to evaluate potential interactions between Lamotrigine and the selected excipients. The characteristic peaks of Lamotrigine, including those corresponding to –NH, –CH (aromatic), C=C ring, and C–Cl groups, were observed in both the pure drug spectrum and the spectrum of the drug-excipient mixture. The retention of these peaks in the physical mixture confirms the absence of any significant chemical interaction between Lamotrigine and Pharmaburst 500, indicating compatibility and stability of the formulation [33].

CONCLUSION
The present study successfully developed and evaluated Oro-dispersible tablets (ODTs) of Lamotrigine using various superdisintegrants to improve the drug’s solubility, disintegration time, and dissolution rate. Among the seven formulations, F3, which incorporated Pharmaburst 500 as a superdisintegrant, demonstrated superior performance with a rapid disintegration time of 13.7 seconds and maximum drug release of 99.39% within 30 minutes. While Crospovidone-based formulations showed faster disintegration, Pharmaburst 500 offered a balanced profile of quick disintegration and enhanced dissolution, making it the most effective overall. FTIR analysis confirmed compatibility between Lamotrigine and the excipients, indicating formulation stability. These findings suggest that the direct compression method using co-processed superdisintegrants like Pharmaburst 500 is a promising strategy for formulating patient-friendly Lamotrigine ODTs, which could improve therapeutic efficacy and patient compliance in epilepsy management.
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