Use of nonionic Gemini surfactants and Carbohydrate derived surfactants for encapsulation of poorly water drug viz. Glibenclamide by micellization : Comparative review
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ABSTRACT

Gemini surfactants are a class of self-assembling molecules that consist of two conventional surfactants connected via a spacer; they have lower CMC values compared to conventional surfactants, i.e., having one nonpolar tail and one polar head. In this paper, two series of gemini surfactants were explored for solubilization and thus, improving the bioavailability of a poorly water-soluble drug, i.e., Glibenclamide by micellization. The first series of gemini surfactants comprises carbohydrate derived conventional surfactants, carrying a sugar moieties and the second series comprises nonionic gemini surfactants without sugar moiety, both with varying tail lengths, i.e., C12, C14, C16. It was found that the sugar moiety plays a vital role in encapsulating the drug molecule in an aqueous medium. By comparison, it was found that the sugar moiety potentially enhances the aqueous solubility of Glibenclamide. It was also found that with an increase in tail length, the solubility of the drug increased over many folds.
.
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 INTRODUCTION 

A. Carbohydrate derived Surfactants:
	Generally, surfactants, also known as surface active agents, are added to a liquid to increase its wetting or spreading properties due to their ability to lower the surface tension of a liquid and the interfacial tension between two liquids, or between a liquid and a solid. On dissolving surfactants in water  above its CMC (moles per litre), they form aggregates (micelles). In these micelles, the polar head group (hydrophilic part of the surfactant) is in contact with water while the nonpolar hydrocarbon tail (hydrophobic part) remains inside the micelle. Carbohydrate surfactants are amphiphile molecules possessing a sugar moiety as a hydrophilic structural part and a long alkyl chain derived from the epoxy compound as a usual hydrophobic part. These surfactants are nontoxic and biodegradable in nature. The CMC of the surfactants is much less than normal conventional surfactants, so they required in very small amount for micelle formation. Different types of sugar-based surfactants were reported [1-11]. From their increased use, it is found that alkyl polyglycoside becomes an excellent alternative to other nonionic surfactants. The reason for their popularity is that they can be synthesized on a large scale from renewable raw materials. Due to the advantages regarding performance, health of consumers, and environmental compatibility, sugar-based surfactants are gaining increased attention. Alkylpolyglycoside (APG) is a nonionic surfactant synthesized [12] from renewable raw materials, namely, glucose and fatty alcohol. These surfactants were found to show surface‐active properties due to the presence of the hydrophilic sugar moiety and hydrophobic fatty alcohol residues.  Sugar-based surfactants derived from glucose and (R)-12-hydroxystearic acid were already reported [13]. 
B. Non-ionic gemini surfactants:
	Gemini surfactants [14] (Fig. 1a) are a class of amphiphile molecules comprising two hydrophobic tails and two hydrophilic heads connected via a rigid[15] or flexible [16] spacer. [image: C:\Users\Dr Nirmal\Desktop\desktop material\letter in organic chemistry\Layout1.tif]On the other side, conventional surfactants are simple type of surface active agents having one polar head and one non-polar tail just like in soap and detergents. When two such conventional surfactants are connected by a spacer group at their head level, it forms Gemini or dimeric surfactants. Depending upon the nature of the spacer and overall charge on head group of the gemini surfactants, varieties of Gemini surfactants were reported in last 37 years [17]. 



















Fig. 1: Schematic diagram of (a) Conventional surfactantand(b) Gemini surfactant

Depending upon the nature of the head group, whether it is anionic, cationic or neutral, the gemini surfactants comprise: Anionic gemini surfactants, Cationic gemini surfactants and non-ionic gemini surfactants respectively. Gemini surfactants may be classified according to the nature and structure of spacer group, some are with rigid aromatic spacer, and other has flexible aliphatic spacer. The surfactants with rigid spacer may behave as inclusion molecules, which encapsulate any molecule without forming any bond with that. From the viewpoint of industrial application, after the anionic surfactants, non-ionic Gemini surfactants get the most significance. The non-ionic gemini surfactants comprising polyether hydrophilic head were found to be having very low CMC and showed highly solubilization tendencies. The non-ionic surfactants have more tendency to aggregate as there is no repulsive forces as compared to ionic (cation or anionic). The numerous kinds non-ionic gemini surfactants were synthesized in literature and their critical micellization concentration (CMC) and self-assembling behavior were studied [18-25].The solubilization and aggregation behavior of mixed micellar systems formed by gemini lipoamino acid and a non-ionic surfactant was studied recently [26]. It was found that the mixed surfactants enhanced the solubility of polycyclic aromatic hydrocarbons i.e. naphthalene, phenanthrene and pyrene.
These Gemini surfactants were used to encapsulate many poorly water soluble durgs, amino acids etc by micellizatio or reverse micellization. The micelle formation was detected by measuring the concentration of encapsulated molecule (drug,amino acids etc.) by montoring over UV spectrophotometer.
C. Micellization:
	There is a category of compounds, which when dissolved in aqueous medium at particular concentration , aggregates to form a group, termed as micelle. The concentration above which micellization take place is known as CMC (Critical Micellization Concentration). Soaps and detergents are surface active agents having CMC values in the range of 10-3 – 10-2 M.
The micellar system is an aggregate of surfactant molecule, with the hydrophobic head groups, which is polar, and remains in contact with the surrounding solvent, and the hydrophilic tail group, which is non-polar, and remains in the micellar centre referred to as core (Fig. 2). The core can effectively be used for the solubilization of water-insoluble substances in a mixture of ethanol and water or in pure water. Solubilization plays an important role in industrial and biological processes [27]. Non-ionic surfactants aggregate easily as there is no repulsion among the head group, but occurs in the case of anionic and cationic surfactants, yet there is just a weak interaction because of the hydration shell of solvent. So, they form micelle rapidly.
[image: ]
Fig.2 :  Micelle and Reverse Micelle formation

	Oral administration is the most common method of drug delivery because of its simplicity and convenience, especially where repeated doses are required [28-30].It is estimated that about 70% of new chemical entities are poorly water-soluble, and about 40% of currently marketed oral drugs are practically insoluble in water [31]. Low solubility limits the drug dissolution rate, lower bioavailability of drug in body plasma and low biodegradability [32].
	Nanotechnology has many advantages in drug delivery, especially for oral drugs. By increasing the water solubility, the bioavailability of drugs can be enhanced, and that helps to reduce the side effects and thus increase the pharmacological effect. The purpose of this paper is to show the effect of sugar moiety over the non-sugar surfactant in encapsulation of poorly water soluble durg,i.e., Glibenclamide. The sugar moiety facilitates micelle formation.
D. Solubility

Solubility is expressed in terms of the solubilization capacity (SC) or micellar ratio that isdefined as the ratio of the concentration of micelle-solubilized additive at saturation over theconcentration of micellized surfactant (i.e., Ct / Cs)  where Ct and Cs are the concentration oftrapped or micelle solubilized molecule and concentration of surfactant, respectively). So
 and 

where A = Absorbance of PAHs in surfactant solution,A0 = Absorbance of PAHs in ethanol / water (1:5 by vol) withoutsurfactant,
ε = molar extinction coefficient of PAH,
l = path length
III. Materials and Method:
A. General
	UV spectra were recorded using LABINDIA 3200 UV-VIS spectrophotometer.
B. Materials
Glibenclamide were taken from Sigma Aldrich, USA, double distilled water, ethanol from Nice chemicals pvt. .ltd, Kerala, carbohydrate derived non-ionic surfactants and non-ionic gemini surfactants were synthesized in lab, Shaheed Bhagat Singh State Technical Campus, Ferozepur, Punjab. Other chemicals were of AR grade and used without further purification.
Chemicals were of LR / AR grade and were used without further purification. Doublydistilled water and doubly distilled alcohol were used for spectroscopy. PAHs werepurchased from Sigma Aldrich.
C. Methods
D. Synthesis of Gemini surfactants

The synthesis and characterization i.e. 1H NMR, 13C NMR, m/z etc of Series I surfactants (1a, 1b, 1c) [33] and that of Series II surfactants (2a, 2b, 2c) [35] were reported by us.This paper mainly emphasized the role of sugar moiety which is linked with the sugar surfactants (Series II)
. 










Preparation of 5, 6-anhydro-1, 2-O-isoproylidene-α-D-glucofuranose– (sugar moiety)
	The compound was synthesized as described in literature [28]. M.pt. 133oC. ESI – mass m/z 224.7 (M – H + Na)+.
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Scheme 1 : Structure of (a) Non-ionic gemini surfactant[33](b) Carbohydrate derived surfactants[35,36]and (c) Sugar moiety (d) Drug (Glibenclamide) used for study.

E. Determination of the CMC of surfactants

Critical micelle concentration was determined by adding specified volumes of a sugar based surfactant solution to a volume of double distilled water containing methylene blue dye.By taking the UV-spectra it was found that the  for dye is 665 nm, so at this wavelength the absorbance were noted and plot of absorbance against concentration of surfactant were constructed and a clear discontinuity gave their CMC values. The CMC values of the sugar-based surfactants (2a-2c; Series 2) are given in table 1.
	The CMC of non-ionic gemini surfactants (1a -1c; Series 1) was determined by adding a known volume of concentrated surfactant solution (1 mM), to a volume of 15% aqueous-ethanol system. After each addition the contents were mixed thoroughly and absorbance determined by double beam spectrophotometer 299 nm. The plots of absorbance vs. concentration of surfactants were drawn and a distinct discontinuity gave the value of cmc.

F. Solubilization of poorly water-soluble drugs using non-ionic surfactants

	Sugar based non-ionic surfactants were explored as micellization probes for the solubilization of poorly water-soluble drugs like glibenclamide drug under double beam UV monitoring. The surfactants (5millimol) were shaken in water ethanol mixture (20ml) at room temperature with poorly water-soluble drugs (20mg) for 25 min and filtered. The filtrate was extracted with double distilled n-hexane (2 x 10ml) solution, and the concentration of poorly water-soluble drugs in n-hexane were determined by double beam spectrophotometer at 299nm. Micellar ratio is determined as the ratio of concentration of encapsulated drugs molecules to concentration of surfactants in mole per liter used for encapsulation. (Scheme 2)
Micellar ratio =

The surfactants carrying sugar moiety (series I) have more HLB value (Fig. 3) which directly means that they are more water soluble and can solubilize the drugs molecules upto more extent.
Similarly, more CMC value also indicates that they have the more tendencies to form micelle or aggregate which in turn help to encapsulate the drug molecule. The surfactants with sugar moiety series 1) have much more CMC values (Fig 4) as compared to the surfactants without sugar moiety (series 2). Both the above factors favor the solubilization of drug in aqueous medium. The Fig 5 b clearly shows that the surfactants which have sugar moiety are more effective for solubilization of drug in aqueous medium.  
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Scheme 2:   (a) and (b) Flow chart for methodology for solubilization of Glibenclamide
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Fig. 3: HLB (Hydrophilic- Lipophilic Balance) vs. Tail length (a) for Surfactants without sugar moiety (b) for surfactants with sugar moiety. 
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Fig. 4: CMC (Critical Micellization Concentration in mol/L) vs. tail length (a) for surfactants without sugar moiety (b) for surfactants with sugar moiety
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Fig. 5: Solubility enhancement vs. tail length (a) for surfactants without sugar moiety (b) for surfactants with sugar moiety




Results and Discussion: 

	The main driving force for the encapsulation of drugs by non-ionic surfactants is the presence of sugar moiety. As per the study, the simple conventional surfactants without sugar moiety did not show any remarkable results. Hydroxyl groups of sugar moiety interact with the drug molecules in two ways. As a donor, it is responsible for free rotation of C-OH angle. This helps in the formation of a linear bond with drug molecules. Hydrophobic portions on sugar surfaces and long alkyl tails contact the hydrophobic portions on drugs. It is also found that the carbohydrate derived surfactants showed more efficiency to encapsulate poorly water-soluble drugs as compared to non-sugar surfactants.

Table 1: HLB (Hydrophilic- Lipophilic Balance) [34] of surfactants used for encapsulation of Glibenclamide [33, 35]- comparison

	Surfactants
Without sugar moiety (Series I)
	HLB Value (20 x Mh/M)a
	CMC
(mol/L)
	Surfactants
With sugar moiety (Series 2)
	HLB Value (20 x Mh/M)a
	CMC
(mol/L)

	1a
(C41H86N2O16)
	12.0
	4.1 x 10-4
	2a
(C25H46NO9)
	12.7
	3.1 x 10-3

	1b
(C45H94N2O16)
	11.6
	3.7 x 10-4
	2b
(C27H50NO9)
	12.0
	9.0 x 10-4

	1c
(C49H102N2O16)
	11.2
	3.1 x10-4
	2c
(C29H54NO9)
	11.4
	6.7 x 10-4


*Mh: molecular mass of hydrophobic portion of carbohydrate surfactant M: molecular mass of the whole carbohydrate surfactant
Hydrophilic–lipophilic balance (HLB) values (Griffin, (1954) of the surfactants are documented in table 1. HLB values are calculated using the formula 






Table 2: Solubility enhancement of Glibenclamide [35,36] by various surfactants used in the study
	Surfactants
Without sugar moiety (Series 1)
	Solubility Enhancement (times as compared to without surfactant)
	Surfactants
With Sugar moiety (Series 2)
	Solubility 
Enhancement
(x times as compared to without surfactant)
	Net %age Enhancement (effect of Sugar moiety)

	1a
	7.3
	2a
	8.3
	13.69%

	1b
	8.9
	2b
	9.6
	7.87%

	1c
	9.9
	2c
	10.8
	9.09 %



Table 2 clearly shows that, the solubility of poorly water-soluble drugs viz. Glibenclamide increased 7.3 times in an aqueous medium by surfactants of Series 1 (1a-1c; Structure given in Scheme 1). This surfactant series contains three surfactants having a varying tail length (C12, C14, C16) and solubility increases as the tail length increases. 
Similarly, the solubility of Glibenclamide is enhanced 8.3 times by surfactants of Series II, the surfactants molecules of this series carrying sugar moiety (2a – 2c; Structure is given in Scheme1) in an aqueous medium. Surfactants in Series 2 were found to show more encapsulation power than surfactants of Series 1.  
Overall, it is found that the surfactants containing sugar moiety show more efficient results for encapsulation i.e. approximately 14 % more tendencies to encapsulate the drug under study.
	In the case of non-ionic gemini surfactants, the –OH groups interact with drug molecules by electrostatic interactions, and the hydrophobic alkyl chain of the surfactant resides at the interface of a micelle. The encapsulation of the drug also depends on the shape and size of the drug molecule. 

	The solubility enhancement of Glibenclamide by non-ionic gemini surfactants (1a-1c) and by carbohydrate derived surfactants (2a -2c) is documented in Table 2.
	Sugar surfactants are non-toxic and biodegradable in nature. The sugar moiety of these surfactants accelerates the encapsulation power of the surfactants many folds. As sugar moiety linked to theses surfactants is dextrorotatory in nature, this character can be used for chiral recognition of enantiomers of chiral drugs. The stereochemistry plays an important role in encapsulation of drug. All these factors are responsible for the fact that, the sugar derived surfactants encapsulate drug more effectively as compared to non-ionic gemini surfactants without sugar moiety. 
Sugar surfactants (2a – 2c) have more HLB values (Table 1) as compared to non-ionic gemini surfactants.  The higher surfactant HLB value, the more hydrophilic it is.  More the HLB value of the surfactants, more it acts as solubilizing agent. This is also one of the main factors which explain the more encapsulation efficiency of sugar surfactants as compared to non-ionic gemini surfactants (Series 1; 1a -1c).
	CMC of sugar surfactants (Series 2: 2a – 2c) is less than the CMC value of non-ionic surfactants (1a -1c). Lesser the CMC value of the surfactants means at very low concentration it can form micelle and encapsulate hydrophobic entity. 	
Conclusion: 
	The above investigation revealed that both non-ionic gemini surfactants and carbohydrate derived surfactants enhanced the solubility of poorly water-soluble drug viz. glibenclamide many folds by micellization. Butcarbohydrate derived surfactants encapsulate more effectively as compared to non-ionic geminis, due to the presence of sugar moiety in the former. Moreover, the CMC of sugar surfactants is lower and HLB values are higher than non-ionic geminisurfactants without sugar moiety. This might be the reason for the better performance of carbohydrate derived surfactants.
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