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In the recent two decades, tremendous devices and materials such as stents, biomimetic organs, scaffolds, and vessels have been developed for medical purposes. When such devices are utilized in the body, the side effects or biocompatibility of the materials have to be studied extensively. Interdisciplinary studies have reviled numerous strategies to overcome adverse body reactions against implanted devices. Besides naturally occurring materials such as collagen, chitosan, hyaluronic acid, and dextran, various synthetic and modified materials such as poly(lactic acid), poly(ethylene glycol), poly(vinyl alcohol), and poly(acrylamide) have been accomplished. In this context, progress in polymer science makes hydrogels a valuable candidate for those utilizations. Moreover, hydrogels received enormous attention as drug delivery devices because of their unique properties, such as soft structure and responsive capabilities based on the functional group attached. Particularly, the developments in synthetic materials have brought out numerous materials for medical and pharmaceutical applications. In recent studies, organo-hydrogels, a branch of hydrogels, have drawn considerable attention over hydrogels because of superior properties such as the coexistence of organic and aqueous phases and viscoelastic bi-phasic natures. They were prepared in bulk forms and nano-scale dimensions, which allow them to be utilized more extensively. These incredible structures provide them with extensive features to be utilized from head to toe in every aspect of health care application. In this short review, we will focus on some of the pioneering perspectives of organo-hydrogels particularly accomplished in clinical therapy and the use of their biodegradable, target-responsive properties as sensing components in novel microscale apertures.
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INTRODUCTION
Developments in health care and pharmaceutical science are dependent on variations of novel drugs and rely significantly on drug carriers, which deliver drugs through the living organisms from the first step up to reach the targeted organs. In this perspective, drug carriers have drawn gradually increasing importance and had an enormous impact on interdisciplinary studies, as summarized in reviews on relevant areas (Sadtler et al., 2020; Bernhard and Tibbitt, 2021; Mitchell et al., 2021; Sadeghi et al., 2021). The complex structure of the drug delivery through the human body requires closer collaborations between disciplines such as clinical medicine, biology, immunology, chemistry, and chemical and biological engineering (Langer and Peppas, 1983; Peer et al., 2007; Sahiner et al., 2011; Garner et al., 2020; Alpaslan et al., 2021a). It is well known that each drug has an intake level above which it is toxic and below which it is insufficient, whereas available drug concentration in a body at a defined time is an important prescribed routine in the therapy. The drug delivery systems’ objective is the sum of the use of strategies and methodologies of synthesis, preparations, and modifications of drug carriers by the collaboration of chemistry, biology, and relevant engineering disciplines, which improve the fraction of drug that reaches its targeted tissues. Webber and Langer described the properties that drug delivery systems must have as follows: therapeutic efficacy, drug exposure/toxicity, dose frequency, therapeutic adherence, and patient-specific therapeutic function (Webber and Langer, 2017). From the clinicians and patients’ perspectives, maintaining the drug in the range and the required dosage is important. The utilization of the drug carriers for in vivo cases relies on many properties to be adopted by the complex physiology within living organisms, even though they were previously optimized throughout ex vivo studies (Langer and Peppas, 1981; Uhrich et al., 1999; Sagbas et al., 2015; Kakkar et al., 2017; Sahiner et al., 2018; Alpaslan et al., 2021b). Drug carriers need to overcome many tests prior to clinical implementation. As the first step, biocompatibility is only a very tiny part of those tests. Research has focused on case-sensitive delivery systems with responsive behavior to physiological environments, which must address biocompatibility, specific targeting, and transport. In the light of the above context, hydrogels and organogels have drawn considerable attention in the preparation of those materials (Peppas, 1982; Langer and Peppas, 1983; Jabbari and Peppas, 1994; Webber and Langer, 2017). Since the first time hydrogels appeared for biomedical applications in 1959 (Wichterle and Lim, 1960), they have drawn tremendous attention. Hundreds of studies are published every year on their utilization for specific purposes in medical applications. As described in common definitions, hydrogels are three-dimensional structures consisting of polymeric units and swollen in water or biological liquids (Uhrich et al., 1999; Koetting et al., 2015). Hydrogels have favorable properties that allow them to be used as biomaterials for drug delivery, implants, and engineered tissue platforms. Having a highly hydrophilic nature let them have water uptake properties that make them similar to cells in the biological environment and provide them with excellent properties to be used as biomaterials (Bell et al., 1995; Peppas et al., 2006; Koetting and Peppas, 2014; Sahiner et al., 2017; Zhang et al., 2020). Since Wichterle and Lim introduced gels prepared from polyvinyl alcohol or glycol monomethacrylate, which are exceptions among the polymers used in biomedical applications (Wichterle and Lím, 1960), numerous studies have been published to introduce novel materials in this context. Nowadays, hydrogels in bulk or particle form are used in numerous medical applications such as ophthalmology, biosensors, membranes, and drug carriers (Langer and Peppas, 1983; Bell et al., 1995; Hassan et al., 2000; Peppas et al., 2006; Suner et al., 2019; Sadtler et al., 2020; Vichare et al., 2020). Most known hydrogels and their utilization purposes in medicine are extensively studied and listed in review literature (Uhrich et al., 1999; Peppas et al., 2000). The polymeric backbone and the composition of the atomic structures are various, which makes those polymeric structures unique for the targeted applications. For instance, poly(vinyl alcohol) (PVA), polyacrylamide (PAAm), poly(N-vinyl pyrrolidone) (PNVP), poly(hydroxyethyl methacrylate) (PHEMA), poly(ethylene glycol) monomethyl ether (PEGME), and cellulose were used as intravascular carriers (Ronneberger et al., 1996; Ronneberger et al., 1997; Tsai et al., 2002; Dalsin et al., 2003; Anderson and Shive, 2012). Poly(hydroxyethyl methacrylate), methacrylic acid, butyl methacrylate, poly(hydroxyethyl methacrylate) and poly(ethylene terephthalate) are applied in contact lenses. Cellulose acetate, polyvinyl alcohol, thermo-polymers of HEMA, MMA, and p(HEMA-b-siloxane) were used for artificial tendons, artificial skin, and ophthalmic applications. Poly(glycolic acid), poly(lactic acid), chitosan, hyaluronate, and dextran are biodegradable hydrogels and used in controlled drug delivery (Draye et al., 1998; Vercruysse and Prestwich, 1998; Uhrich et al., 1999; Peppas et al., 2000; Borchard and Junginger, 2001; Cadée et al., 2001; Khor and Lim, 2003; Peppas et al., 2006; Sahiner et al., 2011; Uchegbu et al., 2011; Suner et al., 2018; Sahiner, 2021).
This short review focuses on recent advances of engineered organogels for medical, pharmaceutical, and drug delivery platforms and their utilization. Therefore, it will not cover important studies relevant to significant drug delivery materials and methods that have been tremendously studied recently.
Biocompatibility of Materials Used for Medication, Standard Tests, and Regulations
A living organism always reacts protectively regardless of the kind of material implanted, which is the natural reaction of all living organisms. As various controlled drug delivery devices are available commercially, it is important to consider the biocompatibility parameters for these systems. Since the acceptance of the Medical Devices Amendments in 1976, the biocompatibility of the materials for medical issues has been increasing (Park and Park, 1996). Biocompatibility is commonly defined as the absence of cytotoxicity of implant material and the material’s functionality, which provides it to support cell-implant material interactions where it is applied. In this regard, biocompatibility tests are the tests carried out at conditions similar to the biological environment to evidently predict whether a biomaterial or an implant presents a potential danger for the applied body. In this context, the first step to improving any material as an implant or drug delivery is to test its biocompatibility prior to studying its bio-adhesion behaviors through biological environments, as the body’s reaction to implanted devices adversely affects patients’ health. On top of all these, the body’s response to an antipathetic material in a particular application may not be antipathetic for that material in another application (Onuki et al., 2008).
In fact, an adverse response, for instance, inflammation, is induced when any foreign material such as an implant or biomaterial treats the living organisms (Fournier et al., 2003; Anderson et al., 2008). Moreover, the magnitude of the response varies according to the properties of the biomaterials and depends on chemical composition to the surface of the biomaterials, shape, morphology, sterility, and degradation of the materials (Peppas, 1982; Fournier et al., 2003; Sagbas et al., 2015). The body response is created after implantation, nonspecific absorption of blood and defensive tissue fluids is induced, and immune and inflammatory cells are produced by the body to protect it from biomaterials (Downes and Mishra, 2011). The 10993 protocol of the International Organization for Standardization (ISO) describes a series of standards for determining materials as biocompatible prior to initiating clinical investigations. European and Asian countries accepted the ISO 10993 standards, whereas FDA required more strict requirements in addition to the ISO requirements published in Blue Book Memorandum G95-1 (Required Biocompatibility Training and Toxicology Profiles for Evaluation of Medical Devices). These issues have been extensively discussed in the relevant literature (Onuki et al., 2008; Kohane and Langer, 2010; Bernard et al., 2018).
In the first step of improving a medical device, some inexpensive in vitro tests are applied to the materials to evaluate useful information prior to animal tests. These tests reduce risks and save time and resources early in choosing the best materials for in vivo studies. As the surface of a biomaterial is in contact with the cell at a molecular level, properties such as surface roughness, chemical structure, hydrophilicity, smoothness, swelling, tensile strength, hardness, durability, and interaction with proteins become more important (Angelova and Hunkeler, 1999; Wang et al., 2004; Thevenot et al., 2008; Akkas et al., 2013). Wettability is an important property of the materials as hydrophilic surfaces reduce interfacial free energy, making protein adsorption and cell contact easier. In this context, the hydrophilicity of the polymeric biomaterials is increased by various chemical and physical techniques. Several characterization techniques such as atomic force microscopy, X-ray diffraction, infrared spectroscopy, X-ray photoelectron spectroscopy, and scanning electron microscopy are widely accomplished to characterize the materials (Sagbas et al., 2015; Sahiner et al., 2019; Vichare et al., 2020). These tests generally consist of cytotoxicity, irritation, and hemocompatibility (Peppas and Sahlin, 1996; Onuki et al., 2008; Bernard et al., 2018).
Bernard et al. (2018) presented a detailed investigation on the biocompatibility of polymer-based biomaterials and clinical devices. Although the biocompatibility tests are in evaluation, useful studies are available to decide the final product. Regarding that study, biocompatibility assessment must be carried out in three steps as follow:
i) Polymer granules or bland: determining being extractable and leachable (antioxidants, plasticizers, stabilizers, pigment, lubricants, catalysts, and contaminants), toxicological evaluation, and degradation profile.
ii) Polymer films and sheets or generation by spin coating technique: surface functional group, microstructure (wettability, surface roughness, swelling, and electrostatic effect), protein adsorption, cell viability, cytotoxicity, primary evaluation of sterilization impacts, and chemical and lipid resistance.
iii) Specimen representative of the final product: protein adhesion, cell viability, cytotoxicity, hemocompatibility, in vivo studies, and being leachable (Bernard et al., 2018).
Organogels: Novel Biomaterials in Medication and Pharmaceutical Utilizations
There is evidence that medicinal plants and herbs were extensively used by primitive tribal shamans, mages, and sorcerers to treat disease or pain since ancient ages (Finlayson, 1893). Organogels are biomaterials produced by the combination of essential oils and polymeric hydrogels via chemical and physical methods (Alpaslan et al., 2021a; Alpaslan et al., 2021b; Alpaslan et al., 2021c). Additional to their natural abundance, organogels have superior properties in the eye of biocompatibility, making them valuable materials in controlled drug delivery and medical applications (Tokuyama and Kato, 2010; Alsaab et al., 2016; Esposito et al., 2018).
We investigate recent studies on the application of organogels; this area provides opportunities for future research on controlled drug delivery and medical utilizations (Table 1).
TABLE 1 | Summary of papers describing drug delivery application of materials.
[image: Table 1]In the study on pluronic lecithin organogels (PLO gels), Alsaab et al. (2016) stated that, with the advancement of topical and transdermal drug delivery, organogels are one of the most effective bases for drugs that need to be administered orally or by injection. In the early years of PLO production, there was an increase in research into possible application areas. PLO gels are widely used as transdermal medicine for systemic and local effects. Several research articles have questioned the effectiveness of PLO gel-containing drugs in percutaneous absorption. This may be due to inappropriate synthesis and combination of transdermal PLO gels with drugs (an appropriate drug with ideal molecular weight, log p-value, and potency). PLO gels should be preferred primarily as transdermal application, and attention should be paid to the suitability of the drugs (physicochemical properties, dose, and application site) to be used. Alsaab et al. stated that further advanced research (based on blind and placebo-controlled studies and concrete results) should be conducted to evaluate the optimum efficacy of drug-loaded PLO gels for patient care and therapeutic applications of PLO gels (Alsaab et al., 2016). PLO and sorbitan monostearate organogels (SMO) containing ketorolac tromethamine were synthesized. Sustained-release ketorolac tromethamine (KT) niosomal organogels were synthesized to increase skin permeability and drug efficacy. There are unbiased variables in hydrophilic-lipophilic balance value (HLB), which is the ratio of cholesterol in total lipid (Chol. Ratio) and the ratio of total lipid to the drug (L:D ratio)) for sufficient concentrations. The response surface technique was used to investigate the effect of these variables on the cumulative release percentages. The capture efficiency of KT niosomes was 40.13%, whereas the cumulative release percentage of KT after 6 and 12 h reached 52.3% and 74.5%, respectively. The niosomal organogel showed an 85% pow edema inhibition effect, positively correlated with the in vitro results. The sustained-release niosomal organogel of KT is an effective alternative to oral-dosage forms with fewer systemic side effects and high drug bioavailability (Elsayed et al., 2019).
Studies reviewed by Esposito et al. (2018) indicate that physicochemical properties (thermodynamic behavior, viscoelasticity, and versatility) have important effects on the synthesis and stabilization of organogels. These properties can be easily adjusted with formulations. Organogels obtained by hybridization with the materials in the formulation become ideal matrices, providing effective drug concentration over a long period of time, thereby increasing the chances of patients adapting to therapeutic applications. Although the biocompatibility properties of organogels have been reported in recent studies, they have not been studied to a large extent compared to other gel systems. Further studies should also focus on very prolonged releases with biomolecules such as peptides, proteins, or immunoglobulins from organogel-forming matrices at the application site. Further research on solvent and electrolyte diffusion, matrix degradation, and by-product elimination is required for a more effective use of organogels in effective drug delivery systems (Zeng et al., 2021).
Moreover, organogels are applied in dermal application and cosmetic industry. Fatty acid ethyl and isopropyl esters (FAEs) and bis-(aminoalcohol) oxalamides (BAOAs) with different chain lengths (ethyl laurate, ethyl myristate, ethyl palmitate, isopropyl laurate, isopropyl myristate, isopropyl palmitate) are biocompatible biochemical utilized for those purposes while ibuprofen is widely used as a model drug. In pharmaceutical liquids, BOA gelators and bisphenylglycinol oxalamide do not have organogelation properties in FAEs. Others show good gelling ability with the same solvents. Organogelation depends on the nature of the amino alcohol moiety. Compounds containing the phenylalanine group bis(PhAlaOH)benzyl were good organogelators. Compounds with isobutyl, sec-butyl, and isopropyl groups have low thermal stability due to the sterically hindered branched alkyl groups, while having high stability in all gelling solvents tested and the lowest minimum gel concentrations. It is seen that bis(PhAhaOH)benzyl has high thermal stability and good gelling properties compared to other gelling solvents. The bis(PhAhaOH)benzyl/FAEs gel network also interacts with gelator molecules due to van der Waals interactions, the benzylic groups at the hydrogen bond, and amino alcohol moieties. The release rates of ibuprofen from organogels depend on the pH of their solutions and the amino alcohol groups in the oxalamide binder. In addition, ibuprofen release rates were dependent on gelator concentration and the fraction of drug (%w) in the gel matrix. BOA organogels may also be a viable alternative to human skin cancer if anti-cancer agents are delivered through them. The release of ibuprofen from organogels is compatible with Fickian diffusion control, and the retention of small drug molecules in the LMWG gel can be accomplished in simple ways (Uzan et al., 2016). Castor oil organogel loaded with two lipophilic compounds (ketoconazole or indomethacin) with different ionization behaviors was prepared by hot emulsification in water (above gelation temperature) and cooling at room temperature. It was stated that drug loading did not affect the particle size and stability of the dispersions and did not inhibit the gelation process. Encapsulation efficiency is also good for ketoconazole and indomethacin. Stability results have been reported, with very limited drug leakage occurring during storage. Dissolution of the drug appears to allow rapid diffusion from the vehicle. Thus, the gel network of 12-hydroxystearic acid fibers will not inhibit drug release. In addition, the increased solubility of the drug in the oil phase may lead to better bioavailability as more drug is available for diffusion. Although the sustained release was not achieved, immobilization of the oil in a gelled matrix was likely responsible for the improved stability of the dispersions and limited escape of drug during storage. These systems can provide alternatives to nanoemulsions or solid lipid nanoparticles for biocompatibility, stability, or delivery of lipophilic compounds. The stickiness of the lipid-based nanoparticle, which was determined to facilitate drug tissue permeability, shows the alternativity of organogel nanoparticles in the field of oral administration (Martin et al., 2017; Alpaslan et al., 2021b). For treating Candida albicans infections, organogels have been developed using an oil phase of oleic acid (OA) and an aqueous phase of poloxamer (PL) PL407, alone or in combination with PL188, and 0.25–1% sodium alginate (SA). Moreover, the voriconazole (VRC) release system is targeted intravaginal. For OA-PL407-188 systems, the inclusion of SA was observed to have a concentration-dependent effect on the modulation of the VRC release rate. OA-PL407-188-SA organogels showed promising in vitro performance due to their antifungal activities and low cytotoxicity against HeLa and Vero cell lines. In conclusion, the findings of this study indicated that OA-PL407-188-SA organogels could provide the basis for new VRC delivery systems for use in future vaginal applications (Querobino et al., 2019).
In another study using the quality by design (QbD) paradigm, egg oil-based (EO) organogels (SSD-EOOG) were synthesized and used for the distribution of silver sulfadiazine (SSD), an effective antibacterial agent in treating burns. The prepared organogels were evaluated for in vivo efficacy and stability. The developed formulations were characterized for particle size, drug content, morphology, in vitro drug release, skin safety studies, ex vivo permeation, skin retention, tissue analysis, and pharmacodynamic studies in a murine burn wound model. The optimized formulation exhibited improved permeability (72.33 ± 1.73%) and retention (541.20 ± 22.16 µg/cm2) across the skin barrier with a particle size of 256.5 nm compared to SSD-MKT. Pharmacodynamic results proved the superior therapeutic efficacy of SSD-EOOG in topical burn wounds caused by MRSA bacteria. Results showed a rate of wound shrinkage (78.23 ± 5.65%) and faster re-epithelialization in the SSD-EOOG-treated group. This study concluded that egg oil-based organogel supports the therapeutic efficacy of SSD for burn wound treatment (Thakur et al., 2020).
A new bigel was synthesized by mixing guar gum hydrogel and sorbitan monostearate-sesame oil-based organogel and evaluated as a controlled drug release system (Singh et al., 2014). Macro-scale deformation studies, viscometric analysis, shear-thinning, and viscoelastic structure of bigels were investigated. With the increase in oleogel content, bigels were smooth, stable, and biocompatible, with higher viscosity and hardness. In in vitro drug release experiments, it was observed that the amount of ciprofloxacin drug release increased with the decrease in organogel content. In addition, it has been found that drug release from all bigels conforms to the desired zero-order diffusion kinetics for a controlled release system. When drug-loaded bigels were examined in terms of antimicrobial activity, they had a good effect against Bacillus subtilis, and it was predicted that they could be considered a drug release system.
Zeng et al. (2021) found that the effective interfacial function of organogels can maintain low adhesion for months, even under harsh outdoor conditions. Superior surface property is critically dependent on the continuous renewal of the liquid layer from the matrix to the surface, creating unique micro-/nano-structures in the matrix, achieving a structural gradient, making them a superior surface for droplet manipulation. With their low modulus, organogels are widely researched for practical application as anti-icing and anti-fouling coatings. The biocompatibility, biodegradability, and functionality of organogelators and solvents enable the hybridization and stabilization of organogels with bioactive substances in microporous matrices, imparting thermodynamic behavior rheological properties for drug release and cosmetic potentials. Edible artificial organogels structured with vegetable oils for fat replacement in food processing have been developed by utilizing the solid-like physicochemical property. Organogels have an obvious disadvantage due to organic solvent. Its main component, the high-priced organic solvent, is costly in organogel production, leaving it out of various practical applications. Furthermore, interface interactions are considered weak if they act as interface material due to their low adhesive strength to substrates, especially organogels with low viscosity solvent. Amphiphilic organogels and the addition of a binder coating may be suitable options for strong binding to different materials. Poor mechanical performance limits organogels for use in various applications (Zeng et al., 2021).
A new in situ gel system was prepared using soybean oil, stearic acid, and N-methyl-2-pyrrolidinone (10:1:3, v/w/v). The gel was in a low viscosity sol when applied to the conjunctival sac and then quickly gelled in the eye, and in vivo experiments have shown that organogel-flunarizine hydrochloride has bioavailability, low ocular irritation, and biocompatibility, properties suitable for intraocular administration. The release of the organogel-flunarizine hydrochloride can be prolonged by 48 h. Pharmacokinetics in rats showed that the organogel helped maintain the effective organogel concentration in the body and slowed the rate of drug clearance compared to flunarizine hydrochloride solution. Organogel-flunarizine hydrochloride is a promising drug delivery system with therapeutic efficacy for treating brain diseases by intraocular administration (Dai et al., 2020).
An organogel-based nanoemulsion has been developed to effectively deliver hydrophobic drugs with organogel droplets that can gel in situ. A combination of G/W nanoemulsion, lipiodol, and organogelator 12-hydroxystearic acid (12-HSA) was used, stabilized with polyoxyethylene hydrogenated castor oil (HCO-60) as a surfactant. The prepared nanoemulsion has a high drug loading efficiency (∼97%) with an average diameter of 206 nm. This drug delivery system was novel in terms of organogel structure with thermo-reversible property and stability over a long period of time. The prepared nanoemulsion can effectively encapsulate and deliver hydrophobic drugs at the application site. The physicochemical properties of the organogel-based nanoemulsion were not affected by the storage temperature, and the in vitro study did not affect the mitochondrial and metabolic activities of primary rat hepatocytes. Both in vitro and in vivo studies determined the cytotoxicity of paclitaxel-containing organogel-based nanoemulsion against skin cancer. Therefore, organogel-based nanoemulsion can be a drug carrier in the body, and organogel-based nanoemulsion can be used to treat melanoma with fewer side effects and site-specificity (Fardous et al., 2021). A transdermal drug delivery system (TDDS) for circulatory organogels was recently developed with new evaluation in propylene glycol. The G′ value of the poly(VbNMDG)-Aq gel is 950 Pa, and the poly(VbNMDG)-PG gel is suitable for use as a transdermal depot. In permeability, the auxiliary aid limonene has a synergistic effect on limonene/PG. The poly(VbNMDG) gel can be evaluated for optimal testability for 24 h depending on the conditions. Overall, the poly(VbNMDG)-PG gel formed possible polymer–polymer interaction with the new organogel, which can improve the permeability of transdermal testosterone and be compatible with the penetration enhancing system (Charoensumran and Ajiro, 2020). The in situ organogels based on amino acid (the four amino-based gelator: N-icosanoyl-l-alanine methyl ester (C20-Ala-Me) N-icosanoyl-l-glutamate dimethyl ester (C20-Glu-Me), N-icosanoyl-l-serine methyl ester (C20-Ser-Me), and N-arachidonoyl-l-alanine ethyl ester (C20-Ala-Et)) derivatives were synthesized as biocompatible and biodegradable, the optimal formulation was investigated based on the central composite design experiments, and the risperidone-loaded organogel was prepared. It showed that risperidone-organogel could provide a release for up to 20 days. Compared with the drug oil solution, the drug concentration in the blood was prolonged from 1 day to 7 days, showing that the release of risperidone-organogel conforms to the Ritger–Peppas model and is a combined action of drug diffusion and erosion (Hu et al., 2020).
A new magnetic micro-organogel with a protein shell and oil core was prepared. The magnetic micro-organogel synthesized by utilizing the hydrophilicity and flexibility of the protein shell has a suitable dispersibility in water. In this study, superparamagnetism of OA-Fe3O4 in the oil core showed the easily accessible mobility of the magnetic micro-organogel for targeted drug delivery. The high loading efficiency of the magnetic micro-organogel for hydrophobic drugs is demonstrated by the high encapsulation rate of Coumarin 6. The magnetic micro-organogel exhibited thermosensitive and GSH-sensitive behavior. Release mechanisms included erosion, diffusion, and degradation. The magnetic micro-organogel was shown to be a potential material for high-efficiency delivery and stimuli-responsive release of hydrophobic drugs (Dong et al., 2021). The carrier property of organogel-based nanogel disperse (NGD) with 12-hydroxystearic acid and lipiodol for paclitaxel anti-cancer drug was investigated in vitro and in vivo. Organogel gel (G/W) nano-dispersion in water with 12-hydroxystearic acid and lipiodol was synthesized by the ultrasonication method and stabilized with a non-ionic surfactant. Paclitaxel-loaded NGDs were found to be biocompatible with mouse hepatocytes and fibroblast cells in vitro, while paclitaxel-loaded G/W nano-dispersion showed cytotoxicity (p < 0.05) against lung cancer (A549) cell lines. Intravenous administration of paclitaxel-loaded NGDs shows an anti-cancer effect against lung cancer in vivo with a significant reduction in tumor volume (p < 0.05). Paclitaxel-loaded NGDs may be a promising carrier for sustained drug release and chemotherapy agents (Fardous et al., 2022).
Sagiri et al. (2015) used the ionotropic gelation method to synthesize organogel-entrapped core-shell (organogel-alginate) type new microparticles. It has been used in controlled drug release applications. The encapsulation of the organogels was confirmed by microscopic, XRD, FTIR, and DSC studies. Encapsulation of the organogel in microparticles prevented the leakage of the inner phase and increased the efficiency of drug encapsulation. In in vitro drug release studies, ciprofloxacin was used as a model drug and was continuously released from the organogel containing microparticles. In addition, the biocompatibility of the microparticles was tested by hemocompatibility and cytocompatibility studies and found to have antimicrobial activity against Escherichia coli. Drug release data showed that the release occurred by super case-II diffusion. The developed core-shell type hybrid microparticles are thought to be promising for controlled drug release systems (Sagiri et al., 2015).
In a study by Kodela et al. (2017), bigels containing different ratios of agar gel and stearyl alcohol were prepared as oleogel type in the hydrogel. Thus, the inherent stability of bigel-based formulations, biphasic formulations, and gel-based formulations is combined. In addition, the increase in oleogel ratio caused the formation of microscopic structures similar to biphasic formulations, greatly reducing the hydrogen bonding in the formulations and the electrical stability of the formulations. The mechanical properties of bigels increased with the addition of oleogel into the agar hydrogel until the critical concentration was reached and started to decrease after reaching this critical point. The inherent electrical stability of bigels was found to be lower compared to hydrogels. Ciprofloxacin hydrochloride drug release from bigels was analyzed by the Korsmeyer–Pappas and Peppas–Sahlin models, and Fickian diffusion was found dominant in general. The results suggest that the mechanical, electrical, and drug-release properties of drugs can be improved by changes in their composition and can be used in food and pharmaceutical applications (Kodela et al., 2017).
In this study, bigels were synthesized using an oleogel based on stearic acid/rice bran oil and tamarind gum hydrogel. The oleogel portion was prepared by mixing stearic acid and rice bran oil, whereas the hydrogel portion was prepared from the mixture of tamarind gum and hydroethanol solution. Analysis showed that bigels exhibited the presence of stearic acid melting endotherm (oleogel associated) and water evaporation endotherm (hydrogel associated), and the hydrogel had the lowest bulk resistivity compared to other formulations. It has been observed that the bulk electrical resistance of bigels is controlled by the oleogel phase and there is an increase in the diffusion of moxifloxacin HCl from the formulations with the increase of the hydrogel ratio. It has been predicted that the bigels with the developed formulations can be used as a potential drug release material (Paul et al., 2018). A schematic representation of organogel preparation, drug loading step, and implementation in film and injectable forms are given in Figure 1.
[image: Figure 1]FIGURE 1 | (A) Schematic representation of organogels preparation. (B) Schematic representation of drug loading to organogels. (C) Application of drug-loaded organogels in a film form. (D) Application of drug-loaded organogels in an injectable form (in nano-scale).
CONCLUSION
In this mini-review, we have focused on some recent developments of drug delivery platforms, particularly organogels based applications. We tried to give a point of view of state of the art. It is expected that organogels will be utilized at a gradually increasing level in the coming years because of their unique characteristics such as biocompatibility, being easily tunable, tailoring by chemical modifications. These properties enable organogels to be applied with enormous potential applications in drug delivery, anti-icing, anti-fouling, food processing, and more.
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