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FORMULATION AND EVALUATION OF Β-CYCLODEXTRIN INCLUSION COMPLEXES OF DOLUTEGRAVIR SODIUM FOR SOLUBILITY ENHANCEMENT

ABSTRACT 
	Background:
Dolutegravir sodium, a second-generation integrase strand transfer inhibitor used in the treatment of HIV, exhibits high permeability but poor aqueous solubility, thereby classifying it as a BCS Class II compound. Poor solubility limits its oral bioavailability, necessitating the development of formulation strategies to enhance dissolution and absorption.
Objective:
The present study aimed to enhance the solubility and dissolution rate of Dolutegravir sodium through the formation of β-cyclodextrin inclusion complexes and to evaluate the physicochemical and pharmaceutical properties of the prepared complexes and tablets.
Methods:
Phase solubility studies were performed following the Higuchi and Connors method to determine the stoichiometry of complexation. Inclusion complexes were prepared using the kneading technique and characterized by FTIR, DSC, XRD, drug content analysis, and in vitro dissolution studies. Tablets were formulated using the direct compression method with spray-dried lactose as a diluent. Stability studies were conducted under ambient and accelerated conditions for two months.
Results:
FTIR analysis confirmed the absence of chemical interactions between the drug and β-cyclodextrin, indicating compatibility. Phase solubility analysis revealed a 1:1 drug-to-β-cyclodextrin complex formation with a solubility enhancement ratio ranging from 1 to 4. DSC and XRD studies confirmed inclusion complex formation and the transformation of the drug into an amorphous form. The optimized formulation (F5) showed superior drug release—30.70%–38.57% at pH 1.2 and 88.58%–98.60% at pH 6.8—outperforming the marketed formulation. The prepared tablets exhibited excellent flow and compressibility, and stability studies demonstrated no significant change in drug content or dissolution profile.
Conclusion:
The study concludes that inclusion complexation of Dolutegravir sodium with β-cyclodextrin effectively enhances its solubility and dissolution rate, thereby potentially improving its oral bioavailability. The optimized formulation (F5) demonstrated stability and superior performance compared to the marketed product, making it a promising approach for improving the therapeutic efficacy of Dolutegravir sodium.
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1. INTRODUCTION 
Due to its ease of administration and numerous benefits over other dosage forms, such as ease of manufacture, dose precision, and stability, oral medication is currently the most widely used method of drug administration. These days, most newly created drugs that are poorly soluble in water have problems with absorption that cause toxicity and could keep them off the market. The scientists are trying several approaches to improve the dissolution rate of poorly water-soluble compounds like salt precipitation, co-crystallization, co-solvency, hydrotropy, innovative solubilizer employment, nanotechnology and physical changes like microencapsulation, micronization, Nano-suspension, polymorphs, complex formation, lyophilisation /freeze-drying process, micro-emulsions, self-micro-emulsifying controlled drug release, and drug dispersion in crystalline solids and solid dispersions. (Nupur et al., 2023) (Pouton, 2006) β-Cyclodextrin is a sugar ring molecule with seven members. These are cyclic oligosaccharides with a hydrophilic outer surface and a lipophilic core cavity. Out of the three parent cyclodextrins, β-cyclodextrin (βCD) appears most useful as a pharmaceutical complexing agent because of its complexing ability, low cost and other properties.(Strickley, 2004) Dolutegravir Sodium is a second-generation integrase strand transferase inhibitor that blocks HIV viral DNA integration into host DNA, which is a necessary stage in viral reproduction. The postulated mechanism of action is the potential of Dolutegravir to precipitate enzyme-linked cations, limiting viral DNA insertion in the host gene. It has a bioavailability of 34%, its 14 hours is the half-life.  The medications in BCS II exhibit high permeability and low water solubility.(Khatri et al., 2022) Solubility has a major impact on therapeutic efficacy, and the dissociation constant, pH, and buffer capacity of the gastrointestinal fluid all affect the drug dissolution profile.(Li et al., 2017) Since dolutegravir has a mildly acidic pKa of 8.2 to 10.1, it mostly stays in a unionised state and is hence poorly soluble throughout the gastrointestinal tract (GIT).Dolutegravir is the perfect compound to create solid dispersions because of all the physicochemical characteristics listed above. Therefore, the goal of this study is to improve the solubility and bioavailability of dolutegravir sodium by using β-cyclodextrin inclusion complexes.
2. Materials and Methods 
Materials
Dolutegravir sodium was gifted from Hetero Labs Ltd., Telangana, beta cyclodextrin was gifted from JPM Pharma, Mumbai. All the other chemicals used for the study were purchased from Burgoyne Burbidges and Co., Mumbai.
Methods 
Phase Solubility Study:  Phase solubility studies were performed following the method of Higuchi and Connors. Solutions were prepared in distilled water with varying concentrations of β-CD. An excess amount of dolutegravir sodium was added to 10 ml of distilled water containing different β-CD concentrations (0, 4, 8, 12, 20 mM). The conical flasks were placed in an orbital shaker at 37℃ and shaken for 72 hours until equilibrium was reached. The temperature of 37℃ was chosen to enhance the complexation coefficient and simulate physiological conditions. After 72 hours, the excess Dolutegravir sodium was subjected to centrifugation at 25°C for 45 minutes. The resulting solutions were then filtered through Whatman filter paper with a pore size of 0.45 µm and analysed using UV spectrophotometry at a wavelength of 260 nm. To determine the saturation solubility (So) of Dolutegravir sodium, a 10 mL sample of distilled water without cyclodextrin (0 nM) was used. The phase solubility of β-CD was assessed, and the solubility enhancement ratio (SER) was calculated according to Equation. (Oktay, 2021)
 
[bookmark: _Hlk211591175]Calculation of stability constant (Kc) and complexation efficiency (CE): The apparent stability constant (Kc) was determined by calculating the slope of the phase solubility curve, as described in Equation (1), where So represents the saturation concentration of Dolutegravir sodium without β-CD at 37°C. Complexation efficiency was then calculated using the slope of the curve, as per Equation (2). (Oktay, 2021)
 Equation1 
Equation 2 
Preparation of Inclusion Complexes
Kneading Method
β-cyclodextrin and dolutegravir sodium were accurately weighed in 1:1 and 1:2 molar ratios. In a mortar, a small amount of a water-methanol (3:2) solvent mixture was added to triturate the components. The resulting thick slurry was kneaded for 45 minutes, then dried at 55°C until completely dry. The dried mass was pulverised and sieved through a mesh. 120. The final product was stored in a desiccator until further use.(Chaudhary et al., 2021)
Characterisation of Prepared Dolutegravir Sodium Inclusion Complexes:
Estimation of Drug Content and Percentage Yield
After dissolving an appropriate amount of methanol in a weighed quantity of produced inclusion complexes equal to 50 mg of dolutegravir sodium, the mixture was filtered using Whatman filter paper. After diluting the resultant filtrate with phosphate buffer (pH 6.8), the UV spectroscopic technique was used to measure the quantity of dolutegravir sodium. The percentage yield of Dolutegravir sodium inclusion complex was calculated using Equation. (Jagdale et al., 2018)

 In-Vitro drug release studies of prepared inclusion complexes
The in vitro dissolution studies for the Dolutegravir sodium inclusion complex were conducted using a USP Type 2 (Paddle) dissolution apparatus. The dissolution media used were 0.1 N HCl (pH 1.2) and phosphate buffer (pH 6.8), with 900 mL of the medium pre-warmed to 37 ± 0.5°C in each dissolution vessel. The Dolutegravir sodium inclusion complex, containing 50 mg of drug content, was accurately weighed and placed into a tea bag and tied to the paddle. The paddle rotation speed was set to 50 rpm. Samples were withdrawn at intervals of 10, 20, 30, 40, 50, and 60 minutes, with 5 mL taken from each vessel and replaced with fresh medium at 37°C to maintain sink conditions. After passing the samples through a Whatman filter paper, UV-visible spectroscopy was used to measure the dolutegravir content at 260 nm. To determine the efficacy of the inclusion complex in improving the drug's solubility and dissolution rate, the cumulative percentage of Dolutegravir released was computed and plotted against time to create the dissolution profile, which was subsequently contrasted with that of pure Dolutegravir Sodium. (Rawat & Jain, 2004), (Aulton & Taylor, 2013), (Shangraw, 1989)
Fourier Transform Infrared Spectroscopy (FTIR) 
Dolutegravir Sodium (1:1) inclusion complex was utilized for the FTIR analysis. To guarantee consistency, the inclusion complexes were weighed and properly combined using a mortar and pestle. KBr pellets were prepared by mixing a small amount of mixture with potassium bromide (KBr) and compressing into a pellet. A background scan was run with KBr or an empty sample holder to account for any environmental or instrument noise. The KBr pellets were placed into the FTIR spectrometer and scanned between 4000 cm⁻¹ and 400 cm⁻¹ with a resolution of 4 cm⁻¹. The FTIR spectra were analysed for shifts or changes in peak positions. (Thakral et al., 2013)
Differential Scanning Calorimetry (DSC) 
For DSC analysis, inclusion complexes of Dolutegravir Sodium (1:1) were used, 5-10 mg were weighed for analysis. The DSC instrument was calibrated using standard materials. The sample was placed into a DSC sample pan and sealed, with an empty pan used as a reference. The samples were heated from 25°C to 300°C at a rate of 10°C/min, adjusting the temperature range as necessary. The analysis was performed under an inert atmosphere, such as nitrogen. The DSC thermograms were analysed for changes in melting points, glass transition temperatures, or other thermal events, and the thermal profiles of Dolutegravir Sodium inclusion complexes. (Rojek, 2023)
X-Ray Powder Diffraction (XRPD) 
For XRPD analysis Dolutegravir Sodium inclusion complex (1:1) was used, the complex was crushed to a fine powder to ensure good diffraction patterns. The XRPD instrument was calibrated using a standard material complex, was placed in the sample holder and ensured proper alignment. The sample was scanned between 5° and 40° 2θ (theta) angles at a scanning rate of 1-2°/min. The diffraction patterns were analysed for any changes in peak positions or intensities. (Altomare, 2017)
PREPARATION OF TABLETS WITH DOLUTEGRAVIR SODIUM INCLUSION COMPLEXES (1:1) 
Direct compression method
Table 1 lists the various dolutegravir tablet formulations that have been developed, illustrating the diversity of excipients used to optimise tablet properties. Each formulation is broken down in detail in table no 1, along with the precise amounts and kinds of excipients such as lubricants, binders, disintegrants, diluents, and other functional agents. The purpose of these changes was to assess how various excipient ratios affected the compressibility, hardness, disintegration time, and general stability of tablets. The tablets were manufactured using the direct compression method, a straightforward process where the dolutegravir sodium inclusion complex and selected excipients were blended to achieve a homogeneous mixture. The blend was then lubricated and directly compressed into tablets without needing a prior granulation step. This method is favoured for its simplicity, cost-effectiveness, and ability to maintain the stability of moisture-sensitive drugs. (Quan X., 2025)
Table 1.	Formulation Table of Dolutegravir Sodium Inclusion Complex Tablets 


	Ingredients in mg
	F1
	F2
	F3
	F4
	F5

	Inclusion Complex (1:1)≅50mg of Dolutegravir sodium
	180
	180
	180
	180
	180

	Spray dried lactose
	30
	30
	30
	30
	30

	Polyvinylpyrrolidone
	10
	10
	10
	10
	10

	Sodium starch glycolate
	-
	5
	10
	15
	20

	Talc
	4
	4
	4
	4
	4

	Magnesium stearate
	1
	1
	1
	1
	1

	Total weight in mg
	225
	230
	235
	240
	245



EVALUATION OF PREPARED TABLETS WITH DOLUTEGRAVIR SODIUM INCLUSION COMPLEXES
Weight Variation Test:  
 Twenty tablets are randomly selected from each batch and weighed individually using a calibrated analytical balance. The average weight of the tablets is then calculated. Each tablet's individual weight is compared to this average to determine the percentage deviation. (Denston 1954)
Hardness Test
At least 10 tablets were selected from the batch for this test. Each tablet is placed in a hardness tester, such as a Monsanto or Pfizer tester, where force is gradually applied until the tablet breaks. (United States Pharmacopeia)
Friability Test
The friability test evaluates the tablet’s resistance to abrasion and chipping during handling. A sample of 10 tablets were weighed and recorded as the initial weight (W1). These tablets are then placed in a friabilator and rotated at a speed of 25 rpm for four minutes or 100 revolutions. Afterward, the tablets are removed, dusted off to remove any loose particles, and weighed again to obtain the final weight (W2). The percentage weight loss is calculated using the formula: Friability (%) = [(W1 - W2) / W1] × 100. A friability loss of less than 1% is generally considered acceptable.(Aulton & Taylor, 2017)
Disintegration Test
Six tablets were placed into the disintegration test apparatus, each fitted into tubes with a disc. The tubes were submerged in a water bath maintained at 37 ± 2°C. The apparatus was operated, and the time taken for each tablet to disintegrate completely was recorded. Tablets were considered to have passed this test if they disintegrated within the time specified by pharmacopeial standards, usually within 15 minutes for immediate-release tablets. (United States Pharmacopeia)
Drug Content 
For this test, a sample of 10 tablets was randomly selected from the batch and individually weighed. The tablets are then finely powdered to ensure uniformity. An accurately weighed portion of this powder, equivalent to the labelled amount of the Dolutegravir sodium, was transferred into a volumetric flask and dissolved in methanol to facilitate complete dissolution of the API.  After dissolution, the solution is filtered through a Whatman filter paper to remove any undissolved particles. The resulting solution was analysed using UV spectroscopy at a wavelength of 250 nm. (Balasaheb, 2015)
In-Vitro Drug Release Study
 This test was performed using USP Apparatus 2 (paddle), with the dissolution medium set as phosphate buffer at pH 1.2 for 60 minutes and pH 6.8 for 60 minutes, maintained at a temperature of 37 ± 0.5°C to mimic body conditions. Tablets were placed in the dissolution apparatus, and the paddles were rotated at a specified speed of 50 rpm. At predetermined time intervals, samples of the dissolution medium are withdrawn and immediately filtered through Whatman filter paper to remove any undissolved particles. The withdrawn volume is replaced with an equal volume of fresh buffer to maintain a constant total volume. The concentration of the drug in each sample was measured using UV spectroscopy at wavelengths of 250 nm . The cumulative percentage of drug released at each point of time was calculated, and the dissolution profile was plotted to ensure it meets the IP specifications for drug release. (ICH, 2005)
Kinetics of Drug Release
One of the most important and challenging areas in the drug delivery field is to predict the release of the active agent as a function of time using both simple and sophisticated mathematical models.  In order to identify a particular release mechanism, experimental data of statistical significance are compared to a solution of the theoretical model. To analyse the mechanism for the release and release rate kinetics of the dosage form, the data obtained was fitted in to Zero order, First order, Higuchi matrix, Hixon Crowel and Korsmeyer-Peppas model. By comparing the R2 values obtained, the best fit model was selected. (Conerios B, 2019)
Stability studies of `Dolutegravir Sodium inclusion complexes tablets 
The stability studies of Dolutegravir Sodium inclusion complexes tablets (F5-Optimised formulation) were performed as per ICH guidelines. The tablets were stored for 2 months at Room temperature (25°C ± 2°C/60% ± 5% RH) and under accelerated conditions at 40°C ± 2°C and 75% RH ± 5%. During this time, samples were evaluated for key parameters, including Weight variation, Hardness, Disintegration time, Friability, Drug content, and in- vitro drug release. The results helped determine whether the Dolutegravir Sodium inclusion complex maintained its quality and potency under the tested conditions. (Muankaew, 2018),(Vafaei,2015)
3. results and discussion
Evaluation of phase solubility studies
Beta cyclodextrin was employed in the study to address the solubility issue of dolutegravir sodium, a BCS-2 medication that is poorly soluble in water. Using phase solubility tests in water at 37°C, the addition of beta cyclodextrin with dolutegravir sodium was assessed. According to Higuchi and Connors' approach, phase solubility investigations were conducted by shake flask technique, that contained an excess of dolutegravir sodium and a solution of beta cyclodextrin with concentrations ranging from 0 to 20 mM. The amount of dissolved dolutegravir sodium was then plotted against the increasing amount of beta cyclodextrin to create the phase solubility diagram. Fig. 1. illustrates the solubility of phase solubility curve. The plot obtained also demonstrates that the total drug solubility increases exponentially as a function of beta cyclodextrin concentration through the formation of soluble dolutegravir sodium/beta cyclodextrin complexes. The obtained curve indicates a linear increase in dolutegravir sodium solubility as a function of beta cyclodextrin concentration at 37°C, dolutegravir sodium exhibited a solubility of 0.001 mg/ml in distilled water. Table No. 2 presents the solubility and enhancement ratio of dolutegravir sodium when β-cyclodextrin concentrations were increased, ranging from 0 to 0.020 moles.The solubility enhancement ratio ranged from 1 to 4.0. As the concentration of beta cyclodextrin increased, the solubility of dolutegravir sodium also improved. The increased solubility of dolutegravir sodium in the presence of β-cyclodextrin may be attributed to the formation of a complex.
 
Fig. 1. Phase Solubility diagram of Dolutegravir sodium with β-cyclodextrin
Table 2.  Results of phase solubility studies of Dolutegravir sodium with β-cyclodextrin.
	Drug/Polymer

	Concentration of β-cyclodextrin in moles
	Solubility [mg/ml]
	Enhancement ratio

	Dolutegravir sodium
	0
	0.001
	0.001

	β-cyclodextrin
	0.004
	0.010
	1

	
	0.008
	0.017
	1.7

	
	0.012
	0.024
	2.4

	
	0.016
	0.031
	3.1

	
	0.020
	0.040
	4.0


Evaluation of stability constant [Kc] and complexation efficiency [CE] of the complex.
Phase solubility studies were conducted to investigate how varying concentrations of beta cyclodextrin, ranging from 0 to 20 mM, influenced the apparent solubility of dolutegravir sodium in water. The apparent stability constant [Kc] and the complexation efficiency [CE] are fundamental parameters used in the quantitative evaluation of the interaction strength between the beta cyclodextrin and the drug molecule, as well as the stability of the resulting complex.The Kc and CE values for the dolutegravir sodium/beta cyclodextrin complexes were determined from the linear section of the phase solubility diagram, following the equations EQN 2 and EQN 3 for Kc and CE, respectively. Table. 3 presents the Kc value, complexation efficiency in water, the slope of the phase solubility curve (0.666), and the saturation solubility [So].The dolutegravir sodium/β-cyclodextrin complex was found to have a stability constant (KC) of 1994.01 M⁻¹. Additionally, the complexation efficiency (CE) was determined to be 1.994.The phase solubility graph indicated that the equilibrium concentration of dolutegravir sodium increased in a linear manner as the concentration of β-cyclodextrin rose. This pattern suggests a 1:1 stoichiometric relationship, where one drug molecule associates with one β-cyclodextrin molecule to form the complex. As a result, it was concluded that a 1:1 molar ratio would be optimal for forming a stable complex between dolutegravir sodium and β-cyclodextrin.
Table 3.  Phase Solubility Data of Dolutegravir Sodium In Presence Of β-Cyclodextrin.
	MEDIA
	Solubility of Dolutegravir Sodium in presence of β-cyclodextrin

	
	SO(mM)
	Slope
	R2
	Kc(M-1)
	CE

	WATER
	0.001
	0.666
	0.9977
	1994.01
	1.994


*SO-Saturation Solubility of Dolutegravir sodium in absence of β-Cyclodextrin, Kc-Stability Constant CE-Complexation efficiency
CHARACTERISATION OF PREPARED DOLUTEGRAVIR SODIUM INCLUSION COMPLEX
 Drug content
 It was determined that the inclusion complex 1:1 had a drug content of 95.5% and the 1:2 had a drug content of 96.6%. There was a significant amount of drug present in both inclusion complexes. It shows that the drug is evenly distributed throughout the inclusion complex and that the kneading method is very effective in creating the beta cyclodextrin inclusion complex. 
Percentage yield
Dolutegravir sodium: beta cyclodextrin inclusion complexes with a ratio of 1:1 and 1:2 had yield percentages of 95% and 96%, respectively. As can be sseen, the yield of both formulations is higher than 90%. The high yield % suggests that the kneading method for creating inclusion complexes is reproducible.
 In-Vitro drug release studies of prepared inclusion complexes
In-Vitro drug release studies of inclusion complexes with ratios of 1:1 and 1:2, pure drug were conducted using a USP Type 2 (Paddle) dissolution apparatus. Among all the formulations, 1:1 complex showed a drug release of 37.46% after 60 minutes in pH 1.2 and 95.07% in pH 6.8. Similarly, the 1:2 complex exhibited a drug release of 39.79% in pH 1.2 and 97.75% in pH 6.8. pure drug showed a release of 30.25 in pH1.2 and 90.87 in pH6.8 Fig No. 2 and 3 The prepared inclusion complexes exhibited an increase drug release in comparison to pure drug indicating an enhancement in dissolution rate of dolutegravir sodium. These results suggest that the 1:1 complex is the more effective inclusion complex.

Fig. 2 In-Vitro dissolution profile of inclusion complex (1:1, 1:2) and Pure drug in pH 1.2

Fig. 3 In-Vitro dissolution profile of inclusion complex (1:1, 1:2) and Pure drug in pH 6.8
Fourier Transform Infrared Spectroscopy (FTIR) 
All of the distinctive peaks of dolutegravir sodium were also seen in the inclusion complex spectra as well. (Fig 4) The drug and inclusion complex's distinctive functional groups are displayed in Table No. 4, along with their wave numbers in cm-1. The Indian Pharmacopoeia 2022 provided the reference standard's FTIR spectra for dolutegravir sodium.
Table 4.  FTIR Spectral data of Inclusion Complex (1:1) 
	Functional group
	Reported frequencies (cm-1)
	Observed frequencies (cm-1)

	
	Standard
	Pure drug
	Inclusion complex

	N=0
	1350-1550
	1539.26
	1500.68

	CH2NO
	1626-1654
	1645.35
	1651.14

	O-H Stretch
	2500-3300
	2920.35
	2926.14

	N-H
	3060-3550
	3076.59
	3102.63



[image: ]
Fig. 4 FTIR spectra of Dolutegravir Sodium inclusion complex 
Differential Scanning Calorimetry (DSC) 
The formation of an inclusion complex is further supported by the DSC analysis. The melting and sublimation points of guest molecules change or disappear when they are embedded in the β-cyclodextrin cavity. Pure dolutegravir sodium's DSC thermogram displays an endothermic peak at 197°C, which is the drug's melting point. This suggests that pure crystalline dolutegravir sodium was utilized. In contrast to the pure drug, the dolutegravir sodium-β-cyclodextrin inclusion complex's DSC thermogram lacks the abrupt endothermic peak, indicating that the complex was formed.
X-Ray Powder Diffraction (XRPD) 
Pure dolutegravir sodium's XRD pattern displays strong, sharp peaks that demonstrate the drug's crystalline form (Fig 5). The inclusion complex's XRD pattern, on the other hand, displays broad, ill-defined peaks of lesser intensity (Fig 6). The drug's crystallinity may have decreased, as evidenced by the peaks decreased strength, suggesting that it has changed into an amorphous form.
[image: ]
Fig. 5 XRD OF PURE DOLUTEGRAVIR SODIUM
[image: ]
Fig 6 XRD OF DOLUTEGRAVIR INCLUSION COMPLEX
EVALUATION OF DOLUTEGRAVIR SODIUM INCLUSION COMPLEX TABLETS	
The tablets were evaluated for weight variation, hardness, friability, disintegration time, drug content (Table no.5) The weight variation of all the tablet formulations was within the IP limits, it pass the weight variation test.The hardness of all the prepared formulations was in the range of 5.1kg/cm2 to 5.4kg/cm2..The friability of the all the formulation were in the range of 0.5 to 0.8%. since the results of friability test are less than 1%, this indicates that the tablets can with stand the forces the experience during manufacturing distribution and handling. The in-vitro disintegration time for prepared tablets ranges between 3min 10sec to 4min 23sec; all the prepared tablets passed the disintegration test.The drug content of all the prepared formulations was in the range of 94.4% to 99.2%.
Table 5  Physico-chemical properties of tablets
	SR.NO
	PARAMETER

	F1
	F2
	F3
	F4
	F5

	1
	WEIGHT VARIATION (gm)
	Pass
	Pass
	Pass
	Pass
	Pass

	2
	HARDNESS (kg/cm2)
	5.1±0.23
kg/cm2
	5.3±o.13
kg/cm2

	5.2±0.17
kg/cm2
	5.3±0.15
kg/cm2
	5.4±o.18
 kg/cm2

	3
	FRIABILITY (%)
	0.6%
	0.7%
	0.7%
	08%
	0.5%

	4
	DISINTEGRATION TIME
	4min 23sec
	3min 59sec
	3min 52sec
	3min 30sec
	3min      10sec

	5
	DRUG CONTENT (%)
	94.4±0.52
	96.4±0.45
	96.1±0.48
	98.02±0.33
	99.2±0.18


In-Vitro Drug Release studies:
The in- vitro release of all the prepared formulations i.e F1to F5 (table no.6) was found to be in the range of 30.74014% to 38.57967% for pH 1.2 and 91.3723% to 98.6064% for pH 6.8 respectively. Among all the prepared formulations F5 showed highest percentage release of 98.60%. this could be because formulation F5 had a higher % of super disintegrating agent as compare to other formulations. The in-vitro dissolution profile of F5 was compared with tablet containing pure drug Dolutegravir sodium. The inclusion complex tablet (F5) showed an increase in dissolution rate than tablet prepared with pure drug. This indicates that beta cyclodextrin inclusion complexation enhanced the dissolution rate of Dolutegravir sodium.
Table 6 In-Vitro Drug release of all the formulations
	Drug release %

	Time(min)
	F1
	F2
	F3
	F4
	F5

	10
	34.0298
	40.1384
	39.9903
	43.4963
	51.0581

	20
	47.5303
	53.7678
	52.295
	57.0283
	62.9783

	30
	62.0051
	64.1261
	62.1387
	73.1494
	78.0772

	40
	77.1759
	78.7095
	75.9473
	80.2696
	82.7128

	50
	85.9443
	86.4782
	83.7403
	86.5837
	90.3947

	60
	91.3723
	94.1106
	92.2169
	97.0624
	98.6064




Kinetic Study of In-Vitro Release Data 
The drug release data indicates the pattern which the drug release follows. The correlation coefficient for different drug release kinetic models is shown in Table no.7. models with highest correlation coefficient were judged to be the most appropriate model for the release data.For Dolutegravir Sodium inclusion complex tablets (1:1) F5 the best fit model was Kosmeyer-Peppas, and Higuchi for pH 1.2 and pH6.8 respectively. This indicates that the release mechanism is not well known or more than one type of release phenomena could be involved. In the present study ‘n’ value was found to be 0.3674, this indicates that the drug                release occurred via Non-Fickian diffusion mechanism. The Higuchi model suggests that drug diffusion takes place only in one dimension. On the other hand, for pure drug rifaximin best fit model was korsmeyer peppas and first order model respectively, ‘n’ value was found to be 0.7801, this indicates that the drug  release occurred via Non-Fickian diffusion mechanism. First order suggests that the drug release depends on the concentration of drug in the formulation.
Table 7 - Regression coefficient (R2) value of different kinetic models of inclusion complex formulations
	Formulation
Code
	Zero order model (R2)

	First order model
(R2)
	Higuchi model
(R2)
	Hixon crowell model
(R2)
	Korsmeyer peppas model
	Best fit model


	
	
	
	
	
	(R2)
	N
	

	F1 IN pH 1.2
	0.9708

	0.9907
	0.9948
	0.9898

	0.9837

	0.6751

	Higuchi model


	F1 in pH
 6.8
	0.9575

	0.9795

	0.9766

	0.9863


	0.9808


	0.7458


	Korsmeyer peppas model 

	F2 IN pH 1.2
	0.9532
	0.9686
	0.9850
	0.9788

	0.9948

	0.6407

	Korsmeyer peppas model

	F2 IN pH 6.8
	0.9810

	0.9618

	0.9976

	0.9953

	0.9976

	0.6877

	Korsmeyer peppas model

	F3 IN pH 1.2
	0.9532
	0.9686
	0.9850
	0.9640

	0.9733

	0.6474

	Higuchi model


	F3 IN pH 6.8
	0.9803

	0.9708

	0.9940

	0.9948

	0.9943

	0.6134

	Hixon crowell model

	F4 IN pH 1.2
	0.9593
	0.9721
	0.9809
	0.9684

	0.9710

	0.6491

	Higuchi model


	F4 IN pH 6.8
	0.9719

	0.9080

	0.9930

	0.9934

	0.9936

	0.6418

	Korsmeyer peppas model

	F5 IN pH 1.2
	0.9806
	0.9698
	0.9510
	0.9741
	0.9715

	0.6445

	Hixon crowell model

	F5 IN pH 6.8
	0.9728

	0.8816

	0.9829

	0.9823

	0.9803

	0.6197

	Higuchi model



Comparison with marketed Tablet formulation\
The dissolution profile of optimized formulation F5 was compared with marketed formulation. The comparative in- vitro drug release profile shown in Table 8 indicated an increase in dissolution rate of the inclusion complex tablet as compared to the marketed product.
Table 8 Comparison with marketed Tablet formulation
	Time(min)
	%CDR of formulation f5 in %
	%CDR of marketed formulation in %

	10
	32.3832
	22.13

	20
	49.7336
	31.02

	30
	66.4219
	55.61

	40
	82.7128
	78.23

	50
	90.3947
	81.52

	60
	98.6064
	88.91




Fig.7 Comparison of in-vitro drug release profile of F5 (optimized formulation) with marketed tablet formulation.
Stability studies of `Dolutegravir Sodium inclusion complexes tablets  
[bookmark: _Hlk179797374]The prepared tablets were studied for various parameters like Weight variation, Hardness, Disintegration time, Friability, Drug content, and in- vitro drug release. The results of the stability studies revealed that the prepared tablets retained there stability, since no significant changes in physical and intro drug performance were observed. In addition, after two months of storage, there was no remarkable drop in dolutegravir sodium content in the prepared tablet formulations, demonstrating the drug's continued chemical stability. As a result, the prepared Dolutegravir sodium inclusion complexes tablet were found to be stable at both room temperature (25°C ± 2°C/60% ± 5% RH) an in accelerated conditions (40 °C ± 2 °C/75 ± 5 %RH).
4. Conclusion
Dolutegravir sodium inclusion complexes with beta-cyclodextrin (β-CD) were prepared using the kneading method to enhance the drug’s solubility and dissolution rate. Phase solubility studies confirmed a 1:1 molar ratio complex, with a solubility enhancement ratio of 4 as β-CD concentration increased. In vitro drug release studies demonstrated that the optimized formulation (F5) exhibited a significantly faster dissolution rate compared to pure Dolutegravir sodium and marketed tablets. These results suggest that inclusion complexation with β-CD is an effective strategy to improve the solubility and bioavailability of poorly water-soluble drugs like Dolutegravir sodium, potentially enhancing therapeutic outcomes.
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