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ABSTRACT
	Aims: Design of controlled release osmotic capsules for metformin/Glibenclamide without incompatibilities and reduced lag time and independent of pH and stirring speed.
Significance: Diabetes represents a global health challenge. In 2021, it was estimated that 536.6 million people suffered this disease. Today, a wide range of drugs is available for the treatment of Type 2 Diabetes Mellitus. In 2022, in Mexico, the most cost-effective intervention for Type 2 Diabetes was a combined oral treatment of metformin and glibenclamide, with a total cost of $951.75 USD, an effectiveness rate of 42.30%, and an effectiveness coefficient of 2.25. Osmotic systems offer clear advantages over conventional pharmaceutical forms, as they allow for the maintenance of constant plasma concentrations over long periods
Study design:  A compatibility drug-excipient with Raman spectroscopy study at 50°C during four weeks. A 32 experimental design was successfully developed to obtain controlled release osmotic capsules containing metformin/Glibenclamide.
Place and Duration of Study: Pharmaceutical Technology Laboratory, College of Pharmacy Universidad Autonoma del Estado de Morelos. 2013-2015
Methodology: Comptibility study between Metformin and Glibenclamide with 15 excipients. Manual encapsulation of the 9 formulations and coating with cellulos acetate. Release study in two steps 2.5 hours in gastric medium and ten hours in enteric medium.
Results: Capsules free of excipient incompatibilities, with a constant release rate over 12.5 hours, independent of pH and stirring speed. These controlled-release osmotic capsules were sealed and coated with a cellulose acetate membrane, with a weight gain of 3% and a release hole of 635 μm. The best formulation exhibited lag times of 2.09 hours for metformin and 0.18 hours for glibenclamide. 
Conclusion: For first time presented a compatibility study using a non destructive methodology with Raman spectrometer. The capsules presented constant release for 12.5 hours, The best lag time was 2.09 hours for metformin and 0.18 hours for Glibenclamide, the mixture 1:1 sorbitol– mannitol presented a reduction in osmotic potential. The limited release rate of glibenclamide may be attributed to its solubility constraints. The combination of a high amount of sorbitol as the osmotic agent, along with the use of non-disintegrating capsules, effectively reduced the system's lag time.
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1. INTRODUCTION
Diabetes represents a global health challenge; WHO data indicated that in 1995 there were 30 million people with diabetes worldwide. It was estimated that 536.6 million people suffer from this disease in 2021, approximately half of this population is undiagnosed [1].
The ENSANUT 2012 data identifies 6.4 million Mexican adults with diabetes, that is, 9.2% of adults in Mexico have already received a positive diagnosis. In Mexico, the National Health Survey (ENSANUT) carried out in 2020-2023, the prevalence of Diabetes Type 2 was 18.4% (12.4% diagnosed and 6.0% undiagnosed) [2].
Diabetes mellitus (DM) is a disorder of hydrocarbon metabolism characterized by chronic hyperglycemia, although lipid and protein metabolism are also affected. Underlying its pathophysiology is a deficit in insulin secretion or action, or there may be a simultaneous deficit in both insulin secretion and activity [3].
Today, there is a wide range of drugs for the treatment of Type 2 Diabetes Mellitus (Figure 1), finding drugs such as metformin in the group of biguanides, glibenclamide in sulfonylureas, repaglinide in meglitinides, pioglitazone in thiazolidinediones, sitagliptin in the group of DPP-4 inhibitors and acarbose in alpha glucosidase inhibitors [4] 
[image: ]
Figure 1 Drugs for diabetes mellitus 2, classified for chemical group.
Regarding the participation of hypoglycemic agents in the mexican market, it is observed that the group with the highest participation is the combination of sulfonylureas (glibenclamide) with biguanides (metformin), maintaining stable sales during the period from 1999 to 2003, which range from 57.33 to 56.03 respectively [5].
In 2022 in México, the most cost-effective intervention for Diabetes T2 was based on a combined oral treatment of metformin with glibenclamide, obtaining a total cost of $951.75 USD, with an effectiveness rate of 42.30% and an effectiveness coefficient of 2.25.[6]
Osmotic systems have clear advantages in relation to conventional pharmaceutical forms, allow to maintain constant plasma concentrations for long periods. As a result, variations in the level of the active ingredient prevent adverse effects and patient intervention. The market for osmotic pumps is expected to reach USD 8.5 billion in 2024. Between 2024 and 2034, it is projected that the revenue will expand at a CAGR of 7.9% per annum. By 2034, it is estimated that the industry will reach USD 18.2 billion. [7]. In the market of osmotic systems there are several elementary osmotic pumps and push-pull osmotic systems [8]. There are several studies with metformin in osmotic systems. [9,10, 11, 12, 13]
Because, there are not a controlled release systems to reduce the number of dosifications and improve the patient adherence to the treatment. It is possible to develop a formulation for the production of controlled-release osmotic capsules containing two active ingredients, without incompatibilities with excipients, and enabling a constant release rate over a 12-hour period, independent of pH and stirring speed. Our approach was based on using hard gelatin capsules, sealed and coated with a semipermeable cellulose acetate membrane, with a weight gain of 3-5% and a release hole of 635 μm, to create an osmotic system. This design aims to achieve a short lag phase and prevent the disintegration process observed in compressed cores.
2. material and methods
The materials used in this work were: Metformin HCl (DVA), Glibenclamide and Cellulose acetate (Sigma-Aldrich), Avicel pH 101 (FMC Biopolymer) Hipromellose capsules (Capsugel) PEG-E-4000 and hard capsules (Droguería Cosmopolita) Manitol, Sorbitol, Aerosil and Magnesium stearate (CEDROSA, México) 
2.2 DRUG-EXCIPIENT COMPATIBILITY STUDY 
Mixtures drug-excipient were prepared until 28 formulation samples, 21 correspond to 1:1 mixtures of the drug-excipient and 7 correspond to the raw materials (2 drugs and 5 excipients). These samples were maintained at 50°C during 4 weeks. Each week during 4 weeks were read with handheld Raman spectrometer (TruScan® Thermo Scientific ) to analysis and followed compatibility. The mixtures for this study are show in the table 1: 
Table 1: Drug excipient compatibility study
	Material
	Metformin
	Glibenclamide
	Manitol
	Sorbitol
	MCC
	Aerosil 200
	Magnesium stearate

	Metformin
	1
	1:1
	1:1
	1:1
	1:1
	1:1
	1:1

	Glibenclamide
	
	1
	1:1
	1:1
	1:1
	1:1
	1:1

	Manitol
	
	
	1
	1:1
	1:1
	1:1
	1:1

	Sorbitol
	
	
	
	1
	1:1
	1:1
	1:1

	Microcrystalline Cellulose
	
	
	
	
	1
	1:1
	1:1

	Aerosil200
	
	
	
	
	
	1
	1:1

	Magnesium stearate
	
	
	
	
	
	
	1



2.3 Mixing 
The excipients and active ingredients were introduced into a V-shaped acrylic mixer with a 100 mL capacity, operating at 50% of its total volume. The ingredients were mixed in two stages: the first stage included 23.7% of the formulation, incorporating the active ingredient present in the smaller amount (Glibenclamide, 5 mg), and was mixed for 15 minutes. The second stage included the second active ingredient (Metformin, 500 mg) and was mixed for 20 minutes.
2.4 Capsule filling and sealing
Initially, two types of capsules (hard gelatin and Hypromellose) were evaluated for subsequent coating. However, the first dissolution tests revealed a fracture at the junction between the body and the cap. Therefore, a sealing process was performed, and the model that demonstrated the best results was selected for use throughout the rest of the study. 
2.5 Experimental design 
Experimental design 32 (three levels and two factors), the quantity (low level "25 mg", medium level "50 mg" and high level "100 mg per capsule") and the type of osmotic agent were evaluated (mannitol, sorbitol and 1:1 mixture), (table 2). Maintaining the percentage in continuous weight gain, and as response variables, the percentage of metformin and Glibenclamide released at 12.5 h, the release rate given by the slope and the delay time (lag phase) of the nine experiments performed were analyzed, in triplicate. The results were treated with DesingExpert8 ® software to obtain response surface graphs and analysis of variance (ANOVA) of each response with respect to the experimental design. 
Table 2: Experimental design 32 (3 levels of osmotic agent quantity and 3 types of osmotic agent). 
	Material
	Fa
	Fb
	Fc
	Fd
	Fe
	Ff
	Fg
	Fh
	Fi

	Metformin
	500
	500
	500
	500
	500
	500
	500
	500
	500

	Glibenclamide
	5
	5
	5
	5
	5
	5
	5
	5
	5

	MCC 101
	80
	80
	80
	80
	80
	80
	80
	80
	80

	Manitol/Sorbitol 1:1
	25
	50
	100
	
	
	
	
	
	

	Manitol
	
	
	
	25
	50
	100
	
	
	

	Sorbitol
	
	
	
	
	
	
	25
	50
	100

	Aerosil
	6
	6
	6
	6
	6
	6
	6
	6
	6

	Mg. stearate
	10
	10
	10
	10
	10
	10
	10
	10
	10

	Weight/capsule (mg)
	626
	651
	701
	626
	651
	701
	626
	651
	701



Furthermore, the capsules were sealed using a 12.5% w/v solution of the same hard gelatin material. The caps were used to identify the seal, and the solution was prepared by dissolving them in distilled water at a temperature of 35-38 °C under continuous stirring.
Next step, the capsules were individually placed on a motorized support rotating at 9 rpm. Two layers of the sealing solution were applied between the body and the cap using a double-zero brush, followed by drying at room temperature for 20 minutes.
2.6 Coating
The coating system consisted of a hot air inlet, an air extraction duct, and a coating gun.The drum's inclination angle was set between 25° and 45°. The distance from the gun to the drum was 15 cm, and four baffles were used. The drum rotated at 38 rpm, with an inlet air temperature of 28-30 °C, a coating pressure of 25 psi, and a total load of approximately 20 g. Finally, the orifice was drilled on the coated capsule by dental drill of 600 mm. 
2.7 Chromatographic method to determine Metformin-Glibenclamide 
A Hitachi Lachrom Ultra® high-performance liquid chromatograph with diode array detector was used. Using the following conditions: Zorbax XDB-C18 column, 4.6 mm IDx250 mm, with an oven temperature of 40 °C. The mobile phase was buffer (10 mM Na2HPO4 and 10 mM SDS, pH 7.5) and acetonitrile in a 68:32 v/v ratio. The flow of the mobile phase was 1 mL / min and the injection volume was made taking 10 μl of sample. Thus, all the injected samples were filtered with 0.45 μm membranes. Both analytes were detected at 226 nm [14]. [
2.8 Drug Release Profiles
Using a PharmaTest® dissolution apparatus USP 1, under the following stirring and  temperature conditions: 100 rpm and 37.5 ° C; Release profiles were carried out in 0.1N HCl during the first 2.5 hours and pH 6.8 buffer (10 mM phosphates) during the rest of the test (12.5 h). Sampling was carried out every 2.5 h and 5 mL of sample were taken through cannulas with adapted filters. Additionally, the 5 mL of medium were replaced with the same solution, which was at the same temperature. Thus, the corresponding cannula was purged between each sample collection. 

3. results and discussion
3.1 Drug-Excipient Compatibility Study: 
The Raman spectra of the samples did not show any changes, indicating that no chemical modifications occurred. No new signals appeared, nor were any eliminated in any of the samples compared to the reference spectrum at time zero. A representative analysis of two separate samples and their mixture is shown below. Figure 2. 
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Figure 2 Raman spectra of Metformin upper left, Mannitol upper right, mixture 1:1 metformin: mannitol lower.
* M1, M2, M3 and M4 are for the weeks of the sample 
As a positive control, an Aspartame sample was introduced. In Figure 3, it can be observed that by week 4, the sample exhibited significant differences compared to the spectrum at time zero. Specifically, several peaks were eliminated (492, 632, and 824 cm⁻¹), signaled with circles in the wave number and the signal at 1033 cm⁻¹ decreased in intensity. Additionally, the intensity of the signal at 192 cm⁻¹ increased from 6000 to 12000. These findings suggest possible thermal degradation of Aspartame, as it has been reported that the optimal storage temperature is 20-25 °C, with a maximum stability threshold of 30 °C [15].
[image: ]Figure 3 Aspartame Raman spectra comparison between reference al time 0 and at 4 weeks (M4). 
3.2 Chromatographic method to determine Metformin-Glibenclamide
It was possible to achieve the simultaneous quantification of both analytes, (Figure 4), under the specified conditions, with retention times of 2.5 minutes for Glibenclamide and 5.2 minutes for Metformin. While the blanks showed no signs of interference, a triplicate calibration curve was also performed, incorporating the formulation excipients in the intended proportions. This calibration was conducted based on dilution relative to the dissolution profile volume, with no significant variations observed in retention times. 
[image: ]
Figure 4: Glibenclamide and Metformin chromatogram. Retention times of 2.5 min for Glibenclamide and 5.2 min for Metformin.
3.3 Effect of coating weight gain 
The first parameter evaluated was the effect of coating weight gain. For this purpose, three batches of 24 capsules of the FB formulation were coated with a 3% w/v cellulose acetate solution in acetone, each with different weight gains (3%, 5%, and 8%) (figure 5). An orifice of 635 ± 15 μm was created in the osmotic systems using mechanical drilling. Figure 5 shows the osmotic capsule systems with different weight gains. The release profile obtained from this experiment indicates that weight gain impacts drug release: the higher the percentage of weight gain, the longer the lag time (T lag), increasing from 1.5 to 2 hours (Figure 6). However, the release rate remained linear and within an appropriate range, so a 3% weight gain was selected for the rest of the experimental design. 
[image: ]
Figure 5. Weight gain. From left to right, normal, sealed, 3%, 5% and 8%. 
For practical purposes, only the results for 3% and 5% weight gain are shown, as an 8% weight gain resulted in a delayed release time of over 6 hours. In this context, a similar study reported that with a 50 mg coating weight gain, 57% of Metformin was released at 6 hours, whereas with a 30 mg weight gain, 86% was released at 6 hours. Based on these findings, a 2% (30 mg) weight gain of cellulose acetate was selected for the remainder of their study [16]. 
[image: ]
Figure 6. Release rate of Metformin released as a function of weight gain (3% and 5%). See the impact in the lag time of the systems. The green points were not included in the reggresion analysis
3.4 Effect of Variation in the Amount and Type of Osmotic Agent on Release Mannitol-Sorbitol Mixture 
In Figure 7a, it can be observed that the release of Glibenclamide is influenced by the amount of the osmotic agents. The drug release percentages were 21.45% in 12.5 hours for the low level (25 mg/capsule), 28.53% for the medium level, and 32.20% for the high level. Additionally, the lag phases were also affected by the amount of osmotic agent, with a shorter lag phase at the high level. 



Figure 7. Effect of osmotic agent concentration on the release of a) Glibenclamide, b) Metformin. With 25 (●), 50 (   )and 100 mg (   ) of osmoitic agent respectivelly
Table 3. Responses of the osmotic pumps: % release at 12.5 h, release rate and Lag time. For the Metformin and for Glibenclamide results.
	a) Glibenclamide 

	Formulation
	Level 
	% release at 12.5 h
	Slope (release rate)
	Lag time(h)

	A
	Low (25 mg)
	21.45 
	2.39
	4.31

	B
	Medium (50 mg) 
	28.53
	3.12
	3.17

	C
	High (100 mg)
	32.20
	2.90
	1.79

	b) Metformin 

	Formulation
	Level 
	% release at 12.5 h
	Slope (release rate)
	Lag time(h)

	A
	Low (25 mg)
	46.39
	3.73
	2.45

	B
	Medium (50 mg) 
	77.22
	6.48
	0.625

	C
	High (100 mg)
	82.42
	7.26
	0.44 



With Mannitol alone, the release percentage was lower, but it increased when Sorbitol was used as the osmotic agent or when the osmotic agent amount was high. The best condition was achieved with a combination of Sorbitol and a high amount of osmotic agent (Figure 8). 
[image: ]
Figure 8. Percentage of Glibenclamide released according to type and amount of osmotic agent (Formulation; -1=mixture 1:1, 0=mannitol, 1=sorbitol) 
The 1:1 Mannitol-Sorbitol mixture in this study showed a reduction in osmotic potential, with Mannitol exhibiting lower osmotic potential and Sorbitol providing the highest osmotic potential, as seen in Figure 9. The optimal lag time was achieved when both the highest level of osmotic agent (Sorbitol) and the highest amount (100 mg) were present in the osmotic system. 
[image: ]
Figure 9. Lag time depending on type and amount of osmotic agent 
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Figure 10a. Percentage of Metformin released according to type and amount of osmotic agent. 10b Percentage of Glibenclamide released according to type and amount of osmotic agent 
3.5 Optimal formulation 
Table 4. Graphical optimization for Metformin with conditions like metformin better release rate and the lower Lag time, in all the range of quantity and type of osmotic agent
	Conditions/ Response
	Desirability answer

	




Table 5. Graphical optimization for Glibenclamide with conditions like Glibenclamide better release rate, the lower Lag time, Sorbitol level (+),  in all the range of quantity of osmotic agent

	Conditions/ Response
	Desirability answer

	




4. Discussion 
The results from the compatibility study, all of the excipients selected were compatible and possible to use inside of the osmotic capsule. The use of aspartame like a positive control was a good option to demonstrate the compatibility and stability of mixtures under the accelerated conditions. In a recent study by Nilsson, 2023 [17], the use of Raman in compatibility studies is a very good option because do not use solvents and the samples cold be the same because the technique is not destructive. Raman spectroscopy could prove a powerful tool for studying compatibility in complex infusion regimens, especially precipitations originating from incompatibilities. Recent development of handheld instrumentation opens up an attractive opportunity to bring vibrational spectroscopy into a hospital setting. 
Raman spectroscopy in the chemical analysis the detection and identification of drug traces in particular [18]. Raman hyperspectral imaging data was used to reliable spectral identification of complex pharmaceutical formulations [19]. The Raman imaging technique can obtain spatial and chemical information that is useful for characterizing drug quality [20]. Raman spectroscopy can be used to identify counterfeits and quantify drug content [21].
The chromatographic method obtained a good retention times for both drugs, this method allowed to quantify both drugs with excellent resolution. The coating weight gain showed that the 3% was the better result, the better release profiles and reduced lag times. The 8% of weight gain delayed the start of the release for more than 6 hours. 
It is worth noting that there was a strong similarity between the high and medium levels in terms of release behavior, with a 3.67% difference in Glibenclamide release, a 0.22 difference in release rate, and a 1.38-hour difference in the lag phase. Specifically, for Glibenclamide, the release percentage followed a linear pattern, as expected.
The most important findings indicate that the release rate for both drugs remained linear for 12.5 hours, with the lag time being close to zero (Table 3).
The lag time in the systems was better when the highest level of osmotic agent (sorbitol) and the highest amount of the osmotic agent (100 mg) were present in the osmotic system. 
Optimal formulation by statistical analysis 
According to the graphical optimization generated by the Design Expert software, when the criteria included a higher amount of osmotic agent, the use of Sorbitol as the osmotic agent, and the highest percentage of Metformin, the desirability was close to 0.8 or higher. Running a second optimization, when the highest release rate for Metformin was considered optimal, the desirability increased to 0.935. Finally, when the lag phase was included, defining the lowest value as optimal, a desirability region of 0.928 was obtained (Table 4). 
Similarly, the same optimization procedure was applied for Glibenclamide. The desirability reached 1.0 with a higher quantity of osmotic agent (100 mg) and Sorbitol, as well as the percentage release of Glibenclamide. When the Glibenclamide release rate was considered, the desirability decreased to 0.891, with optimal prediction found using Sorbitol and an amount ranging of 0.61. Finally, when the lag time was added, the desirability increased to 0.894. 
The highest percentage of Metformin release was observed when a high amount of osmotic agent was used, particularly when Sorbitol was the osmotic agent. Thus, the optimal Metformin release was achieved with a combination of Sorbitol and a high amount of osmotic agent (Figure 10a). As shown in Figure 10b, the highest level of osmotic agent (Sorbitol) and the highest amount (100 mg) resulted in the best release rate. In our study, the percentage of drug release was 48.08% for Glibenclamide and 83.56% for Metformin.
The osmotic agents Mannitol and Sorbitol exhibited low osmotic pressure in the range of 38-84 atm. These agents were chosen considering that patients with metabolic syndrome or hypertension could safely use these oral osmotic systems without activating the reninangiotensin system, which is triggered by micro- and even nano-molar amounts of sodium chloride [22]. 
Based on the results of the experimental design, the formulation that exhibited the best performance for the release of both Glibenclamide and Metformin was the FI experiment. Comparatively, data from Ouyang [16] demonstrated an optimal formulation of an elementary osmotic pump, which released 94% of Glipizide and 95% of Metformin over 10 hours at pH 6.8, with correlation coefficients (r²) of 0.9472 and 0.9795, respectively.
There are many studies with osmotic pumps, but almost all of them ignores the relevance of the Lag time. In comparison with Hu et al [23], they made a sandwich osmotic pump capsule they obtain zero order release for metformin and glicazide, they obtained better release but design a more complicated system and they need a solid self-microemulsion technology to solve the problem of drug solubility. But, never mentioned the lag time in their study, and in some cases the lag time were more than 2 hours. 
In the study of Kulvanich, 2022[24] using crosslinked gelatin capsule to study the delivery of drugs with different water solubilities, but the authors never mentioned the lag time of their osmotic systems and presented lag times between 2 or 4 hours, that results were worst than presented in this study. In the study of Rongfeng Hu, 2020 [25] using Novel Colon-Specific Osmotic Pump Capsule to study the delivery of Compound Danshen, but the authors never mentioned the lag time of their osmotic systems and presented lag times between 2 or 8 hours, that results were worst than presented in this study, their optimal systems presented 3 hours to start the release.
In the study of Rongfeng Hu, 2019 [26] using novel enteric positioning osmotic pump capsule to study the delivery of sinomenine hydrochloride, but the authors never mentioned the lag time of their osmotic systems and presented lag times between 2 or 4 hours, that results were worst than presented in this study, their optimal systems presented 2 hours to start the releaseand when obtain the Plasma concentration–time curves their system star release at 3 hours and a Cmax in 7 hours. 
In the study of Ashish Manigauha, 2010 [27] using Osmotic Capsular Pump to study the delivery of Diclofenac Sodium, but the authors never mentioned the lag time of their osmotic systems and presented lag times between 2 or 3 hours, that results were worst than presented in this study, their optimal systems used sodium lauryl sulphate provided sustained release for 7 hour. In the study of Kenneth C. Waterman, 2011 [28] using Osmotic Capsules like a Universal oral dosage dorm, but the authors never mentioned the lag time of their osmotic systems and long duration systems presented lag times between 1 to 3 hours, that results were worst than presented in this study, their optimal systems presented 1 hours to start the releaseand needed to add 1% SLS for drugs with low solubility (carbamazepine).
In the study of Yang Lui, in 2021[29] using osmotic pump capsules containing polyoxyethylene and pH modifier to study the delivery of nifedipine, but the authors never mentioned the lag time of their osmotic systems and presented lag times between 1 or 2 hours, that results were worst than presented in this study, their optimal systems using citric acid presented 2-3 hours to start the release. In our study the size of the orifice were 600 mm, so the size of the orifice could reduce the rate of delivery. In a recent study with push-pull osmotic pump tablets and modelling with discrete element method, Yanping in 2024 [30] found that enlarged delivery orifice significantly increases both the total drug release and the drug release rate. This study has the problem that presented burst effect and a 15% of release of the drug at the beginning of the release.
In a study with the novel enteric osmotic pump capsule for Metfomin, Rongfeng [31] found linear release, but the lag time was in average of 2 hours for the 17 systems studied. 
For future development, osmotic capsules containing Metformin and Glibenclamide may require a higher amount of osmotic agent to enhance prolonged performance or increase the orifice size. Additionally, incorporating a surfactant in the osmotic core could improve the solubility of Glibenclamide, facilitating and increasing its release An study with a Novel Colon-Specific Osmotic Pump Capsule developed by Ronfeng [32] to deliver herbal extract found lag times between 2 to 6 hours but used several solubility enhancers like a HP-b-cyclodextrin, b-cyclodextrin, SDS and F68. The better solubility enhancer was the HP-b-cyclodextrin, so this is an alternative to increase the solubility of our system and increase the release rate.
There are one study where consider to report the lag times and their results were as good as our results, this study was developed by Kushner et al. [33] using the extrudable core system osmotic delivery technology. The only system to presented a lower lag times than our systems was the Dry powder coated osmotic drug delivery system developed by Jesse,2018 [34].

5. Conclusion

The Raman compatibility study proved to be adequate and complementary, providing chemical-structural information on possible interactions under heat stress conditions. It is also a versatile, inexpensive, and non-destructive method compared to other techniques. 
The filling, sealing, and coating processes for hard gelatin capsules were effective in creating osmotic systems, as these processes were uniform, viable, and reproducible, facilitating the formation of a semipermeable membrane for controlled-release osmotic capsules. A 3% weight gain was determined to be the most suitable for the experimental design. The FI formulation delivered 48.08% of the Glibenclamide dose and 83.56% of the Metformin dose over 12.5 hours, with release rates of 4.44%/hr and 7.16%/hr, respectively. The best formulation also exhibited lag times of 2.09 hours for Metformin and 0.18 hours for Glibenclamide, indicating that the release is dependent on the amount and type of osmotic agent used in the formulation. The developed osmotic system serves as a robust starting point, achieving the highest release value, the shortest lag time, and demonstrating zero-order behavior over the 12.5-hour release period. The limited release rate of Glibenclamide may be attributed to its solubility constraints. 
The 1:1 Sorbitol:Mannitol mixture led to a reduction in osmotic potential. The combination of a high amount of Sorbitol as the osmotic agent, with the use of capsules that did not disintegrate, effectively reduced the lag time of the systems. The desirability obtained for metformin and glibenclamide was higher than 0.8, so the experimental design meets the conditions to ensure the better osmotic capsule formulation.
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