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In this study, matrix-type transdermal patches of glibenclamide were developed using a combination of hydrophilic and hydrophobic polymers for investigating the efficacy of transdermal carriers. A cellulose derivative, HPMC E50, was used as a hydrophilic matrix-forming polymer, and Eudragit RS 100 was used as a hydrophobic polymer. The solvent casting technique was employed to develop a transdermal blend patch formulation using chloroform and methanol as the casting solvent. No drug–polymer interaction was observed by the FTIR study. The membrane permeation study exhibited a sustained release of glibenclamide up to 12 h within a range of 76.15 ± 2.80% to 101.01 ± 0.33% depending on the polymeric ratio. The increased concentration of Eudragit RS 100 in different formulations has gradually decreased the amount of drug penetration through the membrane. The kinetic analysis showed the release is best explained by zero-order kinetics, followed by Higuchi and first order. The release exponent suggested shifting of non-Fickian diffusion to the super case II transport drug release mechanism when Eudragit RS 100 concentration was increased. It is concluded that the developed formulations may be a better alternative to the conventional oral delivery of glibenclamide.
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1 INTRODUCTION
Since the emergence of transdermal patches, it has been considered one of the prime delivery systems for therapeutics. Transdermal drug delivery systems (TDDS) are presently regarded as a traditional means of avoiding hepatic first-pass metabolism and delivering lipophilic drugs. The transdermal application also prevents enzymatic degradation and acid-mediated decomposition of drugs (Al Hanbali et al., 2019). This technique is also useful for transporting low-molecular-weight drugs over a prolonged time span (Mutalik and Udupa 2004; Davis et al., 2020). Other major advantages of transdermally administered systems are self-administration, patient compliance, controlled release of therapeutics, and instant cessation of drug uptake by removing the patch (Alkilani et al., 2015). Continuous penetration of drugs also facilitates lowering the dose minimizing the side effects caused due to higher plasma concentration of the drug. Despite having numerous advantages, there are few drawbacks to transdermal films, that is, delivering ionic and macromolecular drugs, skin irritability, and patients with decreased peripheral blood circulation (Murphy and Carmichael 2000). According to the current scenario, transdermal uptake of a drug depends on the molecular weight of the drug, partition coefficient, degree of ionization, and hydrophilic–lipophilic balance of polymers (Chandrashekar and Shobha Rani, 2008; Saoji et al., 2015). The highly selective barrier nature of skin limits the passage of drugs and acts as a dominant factor in transdermal absorption. The release of the medicament from a transdermal polymeric matrix can depend on the polymer ratio and permeation enhancer. According to the recent trend in transdermal delivery, drugs can also be incorporated into the adhesive layer of transdermal films (Davis et al., 2020). This approach has many advantages, including the lightweight, thin and flexible delivery system which increases patient compliance. It also minimizes the chance of drug leakage with respect to reservoir-type transdermal patches (Li et al., 2010).
Cellulose derivatives found unparalleled application as excipients in the field of pharmaceutical research and the manufacturing industry. Hydroxypropyl methylcellulose (HPMC) is one of the widely applied cellulose-based pharmaceutical excipients. This hydrophilic matrix forming polymer found extensive application in developing oral, mucosal, and transdermal delivery systems. The swellable nature and excellent safety profile, along with its enzymatic and pH-independent stability have made it an automatic choice as a hydrophilic matrix-forming agent (Mašková et al., 2020). In the molecular structure of HPMC, hydroxypropyl and methoxyl groups are attached to the linear chain of cellulose (Ford, 2014). Depending on the ratio and degree of substitution, variations in molecular weight are observed. The insignificant influence of pH and non-ionic behavior of the polymer ensures reproducible release of drug and nominal drug interaction (Nokhodchi et al., 2012; Mašková et al., 2020). The availability of various grades of HPMC has contributed to the need of designing individual drug delivery systems. This bioadhesive matrix forming agent is being widely applied in developing TDDS. A relatively less viscous grade, HPMC E50 (Hydroxypropyl methylcellulose E50- E type 2910; M.W.: 90000 Da), was selected as one of the matrices forming agents for the developed TDDS.
Eudragit was introduced as a pharmaceutical excipient in 1954 and since then it has revolutionized the concept of drug targeting. Chemically, Eudragits are polymethacrylates which are non-ionic, anionic, and cationic polymers of methacrylic acid, methacrylic acid esters, and diethylaminoethyl methacrylates in changing ratios (Yoshida et al., 2013). Eudragits are generally considered non-irritant and non-toxic in nature. It is commonly applied as a film-forming polymer in site-specific gastrointestinal delivery of drugs. The solubility of the films can be altered depending on the need for dosage forms by changing the grades of the polymer. It has also found application in pH-dependent drug release, formulation of mucoadhesive films, colon specific drug targeting, and enteric coating for enhancing stability and oral bioavailability of therapeutics (Thakral et al., 2013). Over the years, as various grades of eudragit became available, it has found widespread application in the field of drug delivery. The application of Eudragit in TDDS was extensively reported by various researchers. The transparent and elastic film forming ability of the polymer has been attributed to the development of transdermal patches (Tran and Tran, 2019). The adhesive property of the polymer helps in bioadhesion. Wrinkle free pale yellowish transdermal matrix can be developed which undergoes erosion to release the entrapped drug. Eudragit RS100 (ethyl prop-2-enoate; methyl 2-methylprop-2-enoate; trimethyl-[2-(2-methylprop-2-enoyloxy) ethyl] azanium; chloride; M.W.: 407.9 Da) having low permeability and sustained release ability which was utilized to formulate matrix based transdermal patches (Jafri et al., 2019).
Glibenclamide is chemically known as 5-chloro-N-{4-[N-(cyclohexyl-carbamoyl) sulfamoyl] phenethyl}-2-methoxy benzamide (Maiti et al., 2014). The plasma half-life of glibenclamide is about 4–6 h which leads to repeated dosing for maintaining therapeutic concentration in vivo (Nayak et al., 2012). This second-generation sulfonylurea is used in the therapy of non-insulin-dependent diabetes mellitus (NIDDM). Glibenclamide can stimulate insulin secretion by closing the ATP-sensitive ion channels which elevate the intracellular concentration of potassium and calcium ions in beta cells (Davis and Granner, 1996). The increased concentration of calcium ions can enhance the secretion of insulin causing hypoglycemia. Various sulfonylureas, including glibenclamide, are associated with serious hypoglycemia, and gastric side effects including vomiting, heartburn, nausea, and anorexia (Reynolds, 1993). Glibenclamide and its metabolites are reported to show hypoglycemic effects on humans owing to the increased secretion of insulin (Rydberg et al., 1994). Furthermore, Glibenclamide is reported to worsen Indomethacin-induced gastric injury and infiltration of neutrophils into the gastrointestinal mucosa (Akar et al., 1999). Oral therapy of glibenclamide can also result in increased appetite. Due to the hypoglycemic effect of glibenclamide, the use of the drug is not recommended for patients suffering from renal impairment (Mutalik and Udupa 2004). Glibenclamide is highly lipophilic and weakly acidic in nature. The use of polymeric blends in the field of drug delivery is gaining interest amongst researchers (Ghasemiyeh and Mohammadi-Samani 2021; Raza et al., 2021). Considering the adverse effects of the drug, an alternative approach to deliver glibenclamide at a controlled rate could be an acceptable approach for achieving a therapeutic level with reduced adverse effects. In this study, we have designed a novel polymeric blended transdermal system for delivering glibenclamide. A combination of hydrophilic and hydrophobic polymers including HPMC E50 and Eudragit RS 100, respectively in varying concentrations was used in order to achieve sustained release of glibenclamide through the skin. The study also aimed to investigate the effect of polymeric concentrations on physicochemical properties of the patch and drug release patterns. Various in vitro evaluations were performed for the characterization and optimization of the formulations.
2 MATERIALS AND METHODS
2.1 Materials
Glibenclamide was obtained from TCI Chemicals India Pvt., Ltd. HPMC E50 and Eudragit RS 100 were commercially procured from Nice Chemicals Ltd., Bangalore. PEG 400 and propylene glycol were purchased from SD Fine Chemicals Ltd. Methanol and chloroform were procured from Molychem Chemicals Ltd. All the chemicals used were of analytical grades.
2.2 Methods
2.2.1 Fourier Transform-Infrared Spectroscopy
The IR spectra of pure glibenclamide, HPMC E50, Eudragit RS 100, and a physical mixture of glibenclamide with polymers were obtained after scanning of KBr mixed pellets using Shimadzu FTIR spectrophotometer (IRPrestige- 21). The samples were scanned within the wave number range of 4000–400 cm−1 with a scanning speed of 2 mm/s.
2.2.2 Preparation of Glibenclamide-Loaded Transdermal Patch
The transdermal patches of glibenclamide were prepared by solvent casting technique by dissolving the polymers in chloroform and methanol (Cherukuri et al., 2017). HPMC E50 and Eudragit RS100 were dissolved in chloroform and methanol (1:1 ratio) as a casting solvent mixture. The required quantity of the drug was separately dispersed in casting solvent. The two phases were mixed and PEG 400 was incorporated as a plasticizer. Propylene glycol was added as a permeation enhancer which was mixed homogeneously. A specific amount of sodium benzoate was added and uniformly mixed. The polymeric patches were cast in petri plates and the solvent was allowed to evaporate. An inverted funnel was placed on a petri plate to slow down the solvent evaporation rate and for avoiding dust accumulation. The arrangement was kept undisturbed for 24 h and then the dried films were carefully removed from the petri plates. The formed patches were cut to a uniform size, glued to the backing membrane, and stored in a desiccator wrapped in the wax paper sheet. The composition of developed transdermal patches was shown in Table 1.
TABLE 1 | Composition of transdermal patches of glibenclamide.
[image: Table 1]2.2.3 Thickness
The patches were selected randomly from each batch and subjected to thickness measurement by using slide calipers. The thicknesses of the developed films were measured in three different areas, and the mean thickness was calculated for individual formulation batches.
2.2.4 Drug Content
A specific patch area (1 cm2) was taken and dissolved in 100 ml of pH 5.6 phosphate buffer solution and stirred for 6 h. Then the solution was kept undisturbed for up to 24 h for complete solubilization of glibenclamide. After 24 h, the solution was filtered and the filtrate was scanned by using a UV-Visible spectrophotometer [(UV-2540, SHIMADZU)] at 228 nm. The concentration of dissolved glibenclamide was determined for all the formulations using the following equation:
[image: image]
2.2.5 Folding Endurance
Folding endurance for the developed transdermal patches of glibenclamide was determined by repeated folding of film at the same point until it breaks. It helps to determine the efficacy of plasticizers and also to measure the strength of the developed patches. The number of folding was noted up to which the specific strip of film resisted breaking (Singh and Bali, 2016). The experiment was carried out in triplicate to obtain mean folding endurance for the respective formulation.
2.2.6 % Moisture Content
Randomly selected transdermal patches of specific surface area were weighed individually and placed inside desiccators containing activated silica beads at room temperature (Madan et al., 2015). The initial weight (Wi) of the patches was recorded. The films were weighed at regular intervals until a constant final weight (Wd) was obtained. The percentage of moisture content was calculated by using the following equation:
[image: image]
2.2.7 Moisture Uptake Capacity
The percentage of moisture uptake for the developed glibenclamide patches was determined by placing them initially in a desiccator for 24 h in presence of silica gel beads (Madan et al., 2015). Then the patches were removed, and the weight of individual patches was noted as initial weight (W0). The patches were then kept in another desiccator containing saturated sodium chloride to maintain high humidity conditions. The films were removed every 7 days at the interval and weighed until obtaining constant weight (WF). The increase in weight due to moisture uptake was determined and the percentage of moisture uptake was calculated by using the following formula:
[image: image]
2.2.8 In Vitro Membrane Permeation Study
In vitro membrane permeation study was carried out by using a Franz diffusion cell through a dialysis membrane (LA390, approximate capacity—1.99 ml/cm, average diameter—15.9 mm, average flat width—25.27 mm). The dialysis membrane was soaked overnight prior to use in dissolution fluid (phosphate buffer of pH 5.6). The transdermal films were cut according to the diameter of the donor cell and the dialysis membrane was placed over it and tied to one end. The donor cell was placed in such a way that the dissolution medium just touches the surface of the membrane covering the transdermal patch of glibenclamide. The stirring speed and the medium temperature were maintained at 50 rpm and 37 ± 0.5°C, respectively. 1 ml of aliquots was withdrawn at regular time intervals up to 12 h with an equal volume of fresh buffer replacement each time. The collected aliquots were filtered and spectrophotometrically analyzed for glibenclamide content at 228 nm by using a UV-visible spectrophotometer (UV-2540, SHIMADZU) (Jana et al., 2010).
2.2.9 Kinetic Analysis of Drug Release
The release behavior of glibenclamide from the developed transdermal polymer matrix can be predicted by fitting the in vitro drug release data into various mathematical models. Different mathematical models followed for this purpose are zero order, first order, Korsmeyer–Peppas, and Higuchi models (Korsmeyer et al., 1983; Peppas and Sahlin, 1989). The correlation coefficient obtained from each model has been noted from which the highest value indicates the best-fit mathematical model for drug release.
3 RESULTS AND DISCUSSION
3.1 FTIR Study
The FTIR of glibenclamide, HPMC E50, Eudragit RS 100, and physical mixture of drug and polymers was shown in Figure 1. The FTIR spectrum of pure glibenclamide (Figure 1A) shows a peak for symmetric S=O stretching at 1144.80 cm−1 which was observed at the same frequency in the spectrum of physical mixture. Pure glibenclamide shows asymmetric S=O stretching for the–SO2NH group at 1343.48 cm−1 which was found in the physical mixture at exactly the same frequency. The characteristic peak for N–H stretching for–C=O–NH–was observed at 3372.68 cm−1. A similar peak for N–H stretching was observed in the physical mixture of (Figure 1D) at 3374.61 cm−1. The peak for N–H deformation and–C–O stretching vibration of–C–O–NH–was observed at 1720.58 cm−1 which persisted in the physical mixture without significant shift at 1707.08 cm−1. The peak for asymmetric S–O stretching was found at 1384.95 cm−1 which was observed at 1383.98 cm−1 in the physical mixture (Bakshi et al., 2015). The characteristic peaks appearing in the FTIR spectrum of glibenclamide have also appeared in the spectrum of physical mixtures of the drug without any significant shifting of peaks, indicating the absence of any chemical interaction during and after preparation.
[image: Figure 1]FIGURE 1 | FTIR spectrum of (A) pure glibenclamide; (B) HPMC E50; (C) Eudragit RS 100; and (D) a physical mixture of glibenclamide with polymers.
3.2 Thickness of the Film
The thickness of glibenclamide-loaded transdermal films was measured with the help of a digital slide caliper at different points and the average thickness was calculated. Almost uniform thickness was observed for the developed patches of glibenclamide as shown in Table 2. The result indicated that there was not much variation in the thickness between the formulation and it was found to be within the range of 0.846 ± 0.020 mm–0.913 ± 0.020 mm without considerable variation similar to other study reports (Ofokansi et al., 2015).
TABLE 2 | Thickness, drug content, folding endurance, moisture content, and moisture absorbed for the developed patches.
[image: Table 2]3.3 Drug Content
The percentage of drug content was determined with respect to the incorporated amount of glibenclamide into the specific area (1 cm2) of the transdermal formulation. The drug content for all the formulations was observed between 96.47 ± 1.58% and 98.93 ± 1.19% (Table 2).
3.4 Folding Endurance
The folding endurance for the developed transdermal films was measured by repeated folding on either side of it. The matrix-based films were reported to have folding endurance within the range of 116.3 ± 4.50–162 ± 4.35 (Table 2). The obtained folding endurance values indicated good elasticity and strength of the designed transdermal patches. The values were roughly found to decrease with increasing Eudragit RS 100 concentration in the transdermal matrix.
3.5 % Moisture Content
The percentage of moisture content was determined in presence of activated silica beads. The % moisture content for all the transdermal films was determined within the range of 3.21 ± 0.45 to 6.81 ± 0.47 (Table 2). The obtained data clearly showed a gradual decrease in moisture content as the HPMC E50 concentration decreased with an increase in Eudragit RS 100 in the formulations. The minimum moisture content was observed for F8 as it contained a relatively lower concentration of HPMC E50 and a higher concentration of Eudragit RS 100 out of all the developed formulations. Similar results were observed in other matrix-type transdermal patches containing HPMC and Eudragit (Peddapalli et al., 2018).
3.6 Moisture Uptake Capacity
The moisture uptake ability was performed in a desiccator maintaining 75% relative humidity. A maximum of 11.31 ± 0.60 was observed for F1 whereas the least moisture content was found at 6.38 ± 0.44 for F8 (Table 2). The gradual decrease in % moisture uptake was observed due to the gradual lowering of hydrophilic HPMC E50. Minimum moisture uptake ability helps to reduce bulkiness, and also minimizes the chance of microbial contamination. Similar results were reported by Eudragit and HPMC-based transdermal films (Vijaya and Ruckmani 2011).
3.7 In Vitro Membrane Permeation of Glibenclamide
The release of glibenclamide from the developed transdermal films was performed in Franz diffusion cells through a dialysis membrane using pH 5.6 phosphate buffer as receptor medium. Figure 2 demonstrates the percentage of drug permeated through the dialysis membrane over 12 h of time. The membrane permeation of F1, showed complete permeation of glibenclamide after 10 h, whereas F2 exhibited complete release of drug after 11 h. For the remaining batches of formulation, the permeation study was continued for 12 h and the percentage of the permeated drug was found to vary between 76.15 ± 2.80% and 101.01 ± 0.33%. The data obtained clearly suggest the influence of polymer ratio in % of the permeated drug. An increase in Eudragit RS 100 concentration gradually reduces the water penetration into the developed patches, as a result, the release of glibenclamide decreases through the dialysis membrane. The simultaneous decrease in HPMC E50 concentration may also be responsible for retarding the release of glibenclamide. Being a hydrophilic polymer, HPMC E50 can easily uptake water and swelling occurs which facilitates a relatively rapid release of the drug. It has been observed that when Eudragit RS 100 concentration is gradually increased, leading to a reduction in water uptake, and the percentage of drug release is significantly reduced. A similar observation was reported by other HPMC E50 and Eudragit-based transdermal films (Yamsani et al., 2017).
[image: Figure 2]FIGURE 2 | In vitro membrane permeation profile of glibenclamide from the developed patches (F1-F8) in phosphate buffer of pH 5.6.
3.8 Kinetic Analysis of Glibenclamide Release
The kinetic modeling of all the developed transdermal matrix films was performed. The data obtained from membrane permeation of glibenclamide incorporated patches were kinetically analyzed by zero order, first order, Higuchi, and Korsemeyer–Peppas models for explaining the release of the drug (Table 3). The release is best explained by zero order kinetic as (r2 > 0.977) for all the developed formulations except F1 followed by Higuchi and first order kinetics. The drug release kinetic data were analyzed by Korsemeyer–Peppas equation and the release exponent n from the developed formulations is found to vary from 0.64 to 0.96 indicating that the release mechanism is following non-Fickian diffusion and shifted gradually towards Super case II transport mechanism when Eudragit concentration is increased gradually. A similar observation was noticed in other Eudragit-based transdermal formulations (Chandak and Prasad Verma, 2010; Jana et al., 2014).
TABLE 3 | Kinetic analysis of in vitro membrane permeation of glibenclamide-loaded transdermal patch.
[image: Table 3]4 CONCLUSION
The present investigation has demonstrated a transdermal approach to delivering glibenclamide through polymeric transdermal patches. The matrix-type transdermal patches were developed by following the solvent casting technique dissolving a hydrophilic and a hydrophobic polymer. HPMC E50 was selected as a hydrophilic matrix forming polymer to combine with a hydrophobic Eudragit RS 100. The FTIR study ensured no significant interaction between the drug and polymers. The thickness of the patches was almost uniform without significant variation. The % moisture content and moisture uptake capacity were found to depend on the polymeric ratio of transdermal films. The decrease in hydrophilic polymer concentration exhibited reduced moisture content and reduced moisture uptake ability. The membrane permeation study demonstrated a sustained release of glibenclamide over 12 h depending on polymeric composition. The decrease in hydrophilic polymer (HPMC E50) concentration reduces the % water uptake and retards the diffusion of drug molecules through the transdermal matrix. Among all the formulations, the least percentage of glibenclamide permeated was 76.15 ± 2.80% from F8 after 12 h. Finally, it is concluded that the developed transdermal patches for sustained delivery of glibenclamide can be a useful alternative in terms of avoiding the adverse effects associated with oral delivery of the drug.
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