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ABSTRACT
Background: The increasing interest in the field of Lipid Self-Emulsifying Technology (LSET) 
is due to the fact that 40% of new chemical entities exhibit poor oral bioavailability because 
of their low water solubility. Self-Micro-Emulsifying Drug Delivery Systems (SMEDDS) are 
isotropic mixtures of oils, surfactants, and cosurfactants, which under gentle agitation in 
aqueous media form oil-in-water nano-emulsions of oil droplet size <100 nm. Materials and 
Methods: Self-emulsification process carried out at varying key compositions in the lipid 
mixtures; oil, cosurfactant and surfactant. Oil droplet size was measured using laser diffraction 
and light scattering techniques. Equilibrium phase behavior studies were carried out and phase 
boundaries were determined mapped out. Results: At least 40% w/w of cremophor EL is needed 
to obtain all the way through clear self-emulsifying clear dispersions (L2→L1) on the progressive 
addition of water. Maximum aqueous solubilization as L2 phase occurred at ≈ 55% w/w for 
miglyol 812 and {tagat TO/imwitor 988} blends at ratios of either (7:3). Conclusion: Successful 
self-micro-emulsifying lipid formulations were developed using droplet size measurements and 
equilibrium phase studies. Key elements in the oil blends were optimized which includes, type 
of oil, co-surfactant, surfactant and oil:co-surfactant ratio. Phase dynamic behavior due to the 
interaction of lipid vehicle with the aqueous media was investigated in an attempt to understand 
mechanistic of emulsification.

Keywords: SEDDS, SMEDDS, Lipid formulations, Medium chain Mono-and glycerides, Poorly 
water-soluble compounds.

INTRODUCTION

There are more than thirty products based on Lipid 
Self-Emulsifying Technology (LSET) commercially available 
in the market (Salva et al., 2017). Reformulation of earlier 
“Sandimmune” (cyclosporine A) into Neoral ® (Aleksander, 
2009) as an archetypical class III A lipid class system has given an 
impetus to the field of LSET. The increasing interest in the field of 
LSET is due to the fact that 40% of new chemical entities exhibit 
poor oral bioavailability because of their low water solubility. 
There are numerous numbers of active molecules uploaded into 
lipid self-emulsifying matrix which includes; licochalcone A (Zhu 
et al., 2021), puerarin (Cheng et al., 2016), seocalcitol II (Grove 
et al., 2006), valsartan (Zhao et al., 2016), CAT3 (Wang et al., 
2021), carvedilol (Mandić et al., 2019) ibuprofen (Nouraei et al., 
2021), methotrexate (Kim et al., 2019), myeloperoxidase (MPO) 
(Bansode et al., 2106), Artemisone (Zech et al., 2021), Mefenamic 
(Kuma et al., 2019), curcumin (Aswar et al., 2020), and a new 
cathepsin K inhibitor (HL235) (Visetvichaporn et al., 2020).

Self-micro-emulsifying lipids are isotropic mixtures of oils, 
surfactants, and cosurfactants, which under gentle agitation in 
aqueous media form oil-in-water nano-emulsions of oil droplet 
size < 100 nm. There are four identified types of lipid systems; I, II, 
III and IV depending on polarity of oil mixture, droplet size and 
digestibility (Pouton, 2006). These systems provide the drug in an 
already dissolved form in the oil vehicle which upon contacting 
with gastrointestinal fluids emulsifies spontaneously producing 
dispersions with large surface area available for drug diffusion. 
All Biopharmaceutical drug Class Systems (BCS) including 
categories, I, II, III and IV (Brouwers et al., 2010; Butler et al., 2010) 
can benefit from reformulation in oil vehicles (Naser et al., 2018a). 
In a recent study by (Hasan et al., 2018a) a fast dissolving tablet 
formulation using theophylline (BCS Class I Compound) was 
obtained at including only 5% SMEDDS oil vehicle. Constituents 
of LEST or SMEDDS can be used to mimic bioavailability poorly 
water-soluble drugs and as intestinal enhancers by weakening 
the tight junction of paracellular membrane (Buyukozturk et al., 
2010) or by decreasing efflux of the drug in the GIT due to their 
effect on to p-glycoprotein transporter (Bansal et al., 2009 and 
Nornoo et al., 2009). Furthermore, potential flavored SMEDDS 
vehicles were developed for masking organoleptic taste of APIs 
(Hasan et al., 2015b).
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In this investigation, successful self-micro-emulsifying lipid 
formulations were developed by optimizing key elements 
in the oil blends which includes, type of oil, co-surfactant, 
surfacatant and oil:co-surfactant ratio. Phase dynamic behavior 
due to the interaction of lipid vehicle with the aqueous media 
was investigated in an attempt to understand mechanistic of 
emulsification. Moreover, the interaction of lipid vehicles with 
various pharmaceutical excepients was also characterized.

MATERIALS AND METHODS

Materials

Miglyol 812, medium chain triglyceride, Imwitor 988 (C8/
C10 mono/diglycerides at ratios 1:1 and Imwitor 308 (mono: 
di: triglycerides at ratios of 90: 7: 1) were supplied by Condea 
Chemie GmbH. Capmul MCM (C8/C10 mono/diglycerides 
at ratios 1:1) was supplied by Abitec Corporation. Tagat TO 
(PEG-(25)-glyceryl trioleate) and Tagat S2 (PEG-(20)-glyceryl 
stearate) were supplied by Goldschmidt AG, Germany. Crillet-3 
(polyoxyethylene 20 sorbitan monostearate) was supplied by 
Croda. Cremophor EL (PEG-(35)-castor oil), Kollidon 30 F, 
Polyplasdone XL 10, were supplied by BASAF.

Methods
Miscibility of lipid mixtures

Representative percentages of oils, co-surfactants and surfactants 
of 2 g formulations were weighed in glass vials with tight closures. 
Mixtures were heated in a water bath at 50ºC for 2 min and 
then thoroughly vortexed and kept for 24-48 at 25ºC for visual 
assessment. Continuous single phase mixtures were classified 
as miscible formulations. Mixtures forming two or more phases 
were denoted as immiscible systems.

Self-emulsification

An amount of 1gm of each miscible single phase lipid mixture 
showing was emulsified in 100 mL of Mili Q water in a 500 mL 
glass beaker. Emulsification was carried out at 25ºC or 37ºC 
in a thermostatically controlled mechanical shaker set at 100 
oscillation per min for 15 min. Areas denoted one phase describes 
homogeneous oil blends, two phases are immiscible mixtures, 
SMEDDS are optically clear dispersions while course emulsions 
refer to turbid aqueous mixtures.

Particle size analysis

Oil droplet diameter for aqueous dispersions of lipid 
formulations was measured using Quasi-Elastic Light Scattering 
(QELS, Malvern model LO-C photoncorrelation spectrometer). 
Experiments were performed in triplicate.

Equilibrium phase studies

Phase behavior studies were conducted using static composition 
method. Blends of oil, various ratios of surfactant/co-surfactant 

and water which represent ternary phase diagram were made 
up at various intervals. Additional compositions at defined 
intervals were made to demark additional phase boundaries. 
Various ternary and binary compositions of total weight of 5 g 
mixtures were made in screw-capped glass vials and heated to 
70ºC in a thermostatically controlled water bath for 15 min with 
intermittent vertexing. Mixtures were left at room temperature 
without disruption for 24 hr for phase identification.

Solid dispersions of oil mixtures

Oil mixtures representing varying degrees of hydrophilicity 
were blended with various pharmaceutical excipients 
including β- Cyclodextrin, Polyplasdone XL 10 and Kollidon 
30 F. Physical phase behavior of these blends was studied at 
increasing concentrations of water. The obtained mixtures were 
classified as either immiscible (2-phase system), paste like or, 
powdery in textures.

RESULTS

The emulsification profile of miglyol 812 N, capmul MCM and 
cremophor EL (HLB value = 14) is shown in Figure 1. Optimum 
clear SMEDDS dispersion can be obtained at ratios of miglyol 
812 N:capmul MCM between 40:60 to 60:40 using only 15% 
surfactant, see lines a-b, a-c, and a-d. Figure 2 depicts equilibrium 
phases resulting from dilution of lipid system {miglyol 812/
capmul MCM/cremophor EL} with water. At least 40% w/w of 
cremophor EL is required to obtain all the way through clear 
self-emulsifying clear dispersions (L2→L1) on the progressive 
addition of water.The emulsification profile of miglyol 812 
(source of triglyceride), capmul MCM (co-surfactant) and 
tagat S2 (non-ionic surfactant) has produced extended area of 
microemulsion (SMEDDS), see Figure 3a. Optimum dispersions 
are obtained at {miglyol 812 N:capmul MCM} ratio of (6:4) (line 
a-b) using tagat S2 concentration of more than 25% w/w. Similar 
optimum ratios were obtained using lipid systems including, 
miglyol 812, capmul MCM and cremophor RH40 or EL (Hasan 
et al., 2016b). Nonetheless, an area of turbid course emulsion 
prior SMEDDS region was formed close to the apex towards 
high concentrations of tagat S2 due to the formation of swollen 
microemulsion. This area of coarse emulsion adjacent to the 
SMEDDS region was not observed in the case of using crillet-3 
(polyoxyethylene 20 sorbitan monostearate) or using imwitor 
308 instead of capmul MCM, Figures 3(b) and 4 respectively. The 
emulsification ternary plot for miglyol 812 (source of triglyceride), 
capmul MCM (co-surfactant) and crillet -3 has produced a 
region of optically clear dispersions of particle size below 100 
nm. Optimum dispersions are obtained at crillet concentration 
of 40% w/w and a ratio of miglyol 812: capmul MCM of 1:1 (line 
a-b). It is obvious that there is no coarse emulsion region next 
to SMEDDS area. The emulsification of miglyol 812N (source of 
triglycerides) / imwitor 308 (co-surfactant)/ crillet-3 (non-ionic 
surfactant) ternary blend is depicted in Figure 4. Replacing 
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Figure 1: The emulsification profile of lipidic mix composed of miglyol 812 N, 
capmul and cremophor EL. 

capuml MCM with imwitor 308 has extended SMEDDS region 
with optimum dispersions obtained at surfactant concentration 
of 25% w/w.

The aqueous dispersion profile of a type II oil system is shown 
in Figure 5. A limited area of clear SMEDDS (nano-emulsions) 
is observed with optimum dispersions obtained at miglyol 812: 
imwitor ratios of 7:3 using tagat TO concentrations of more than 
25% w/w. Dynamic equilibrium phase diagrams for mixtures 
composed of {miglyol 812/imwitor 988} blends at ratios of either 
(5:5), or (7:3) and tagat TO diluted with water is depicted in 
Figures 6a & b, respectively. Clear w/o micro-emulsion is denoted 
as L2 phase while, turbid emulsion phase is identified as (L1 + L2). 
For miglyol 812 and {tagat TO/imwitor 988} blends at ratios of 
(5:5), Figure 6 (a), maximum aqueous solubilization as L2 phase 
occurred at ≈ 30% w/w. On the other hand, maximum aqueous 
solubilization as L2 phase occurred at ≈ 55% w/w for miglyol 812 

Figure 2: 3D representation of the equilibrium phases resulting from the progressive dilution of water of lipid 
system composed of miglyol 812, capmul MCM and cremophor EL.

%(w/w) Type of
Excepient

% (w/w) of H2O included in the blended vehicle / Type of formed phase

10% w/w 20% w/w 30% w/w

Type of phase formed
kollidone 30 F 10% Immiscible

20% Immiscible
30% Immiscible

Polyplasdone XL 
10

10% Suspension Suspension Suspension
20% Paste Paste Paste
30% Paste Paste Paste

β cyclodextrin 10% Immiscible Immiscible Immiscible
20% Paste Paste Paste
30% Paste Paste Paste

Table 1:  Physical phase behavior in the presence of increasing amounts of water for interaction of the lipidic vehicle with various pharmaceutical 
exepients including kollidone 30 F, polyplasdone XL 10 and β cyclodextrin.
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and {tagat TO/imwitor 988} blends at ratios of either (7:3), Figure  
6(b). This almost 2 folds increase in the L2 phase region is expected 
to be due the inclusion of relatively higher concentrations of tagat 
TO which ensues in increasing polarity of oil droplets.

The interaction of self-microemulsifying lipid vehicle with 
various tablet excepients at varying concentration of water is 
shown in Table 1. The progressive inclusion of kollidon 30 F 
(polyvinylpyrrolidone PVP) and water in the lipid vehicle has 
produced immiscible regions at examined ratios. On the hand, 
the inclusion of varying concentrations of polyplasdone XL 10 
(cross-linked PVP) and water in the lipid mix has produced 

Figure 4:  The effect of including imwitor 308 on the emulsification profiles of 
miglyol 812 and crillet 3 oil mixtures. Various lipid compositions; (a) miglyol 
812N/ imwitor 308/ crillet-3 were emulsified in water at 37ºC for 15 min. 
Areas denoted one phase describes homogeneous oil blends, two phases 
are immiscible mixtures, SMEDDS are optically clear dispersions while course 

emulsions refer to turbid aqueous mixtures.

various stable mixtures. The progressive inclusion of polyplasdone 
XL 10 and water in the lipidic vehicle has transformed mixtures 
from suspensions, pastes into powdery dosage forms. The neutral 
crospovidone exhibited better lipophilic interactions with the 
non-ionic lipid vehicle than Kollidon 30 F (Fransén et al., 2008). 
Furthermore, the inclusion of cyclodextrin in the oil vehicle has 
without water produced immiscible mixtures. Nonetheless, at 

Figure 5:  Emulsification profile lipid system composed of miglyol 812N/ 
imwitor 988/ tagat TO, Oil formulations were emulsified in water at 37ºC for 15 

min. SMEDDS are optically clear dispersions. 

Figure 3:  Emulsification profiles of various lipid compositions; (a) miglyol 
812N/ capuml MCM/ tagat S2 or (b) Miglyol 812/ capmul MCM/crillet 3. 
Areas denoted one phase describes homogeneous oil blends, two phases 
are immiscible mixtures, SMEDDS are optically clear dispersions while course 
emulsions refer to turbid aqueous mixtures. Oil formulations were emulsified 

in water at 37ºC for 15 min.
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least 20% w/w of cyclodextrin is needed at water concentrations 
of ≥10% w/w is needed to obtain stable paste physically stable 
dosage form.

DISCUSSION

The lipid mixture which is composed of miglyol 812 N, capmul 
MCM and cremophor EL is a type III system produces self-micro 
dispersion of particle size of less than 50 nm depending on 

Figure 6:  Dynamic equilibrium phase diagrams for mixtures composed of 
{miglyol 812/imwitor 988} blends at ratios of either (5:5) or (7:3) and tagat TO 

diluted with water, Figures 6 (a) and (b), respectively.

oil:cosurfactant ratio and surfactant concentration. This 
combination of lipdic vehicles produces expanded region of 
nano-emulsions which can mimic bioavailability of poorly 
water-soluble drugs. The robustness of this lipid mix is due 
to the combination of cermophor EL and capumul MCM. 
Cremophor due to its excellent emulsifying capacity is used for 
solubilization, protection, and delivery of various hydrophilic 
and lipophilic Active Pharmaceutical Ingredients (API) (Hasan., 
2019d). Cremophor EL (polyoxyethylene-(35)-caster oil) is 
the liquid  form of Cremophor RH 40 (polyoxyethylene-(40)-
hydrogenated caster oil). In order to avoid crystallization tendency 
of lipidic system and thus drugs during industrial processes due 
to variations in environmental temperatures, cremophor EL is 
more preferred over Cremophor RH 40. Nonetheless, the use of 
either cremophor El or RH40 as non-ionic surfactants in the lipid 
mixture produced similar emulsification profiles of nano-sized 
dispersions (Hasan, 2014e).

On interaction of water, the following dynamic intermediate 
phases are formed; L2, L1 + L2, LC and L1 phases (Hasan, 2019d; 
Hasan, 2019d). As Figure 2 depicts at least 40% w/w of cremophor 
EL is required to obtain all the way through clear self-emulsifying 
clear dispersions (L2→L1) on the progressive addition of water. 
This is in full agreement with a study carried out by Hasan 
(2019d) using a system composed miglyol 812, imwitor 988 and 
cremophor RH40. Nonetheless, the study had concluded that 
incorporating Ibuprofen in the lipid mix has produced various 
intermediate phases on interaction with water. There is a trend 
amongst formulation scientists to opt for highly hydrophilic 
vehicles. In this case, turbid intermediate phases (L1+L2) might 
not appear during interaction with water and therefore the initial 
L2 phase could pass instantly through L1 phase. This however may 
cause hydrophilic constituents to diffuse out into the surrounding 
aqueous fluids and thus induce drug crystallization in the gut.

Tagat S2 which is polyethylene glycol (PEG) 20 – glyceryl stearate 
has a relatively low packing parameter, of long carbon tail (C18) 
with an HLB value of approximately 15. This may compromise 
the flexibility and the hydration of surfactant film forming at the 
oil water interface and thus producing turbid dispersions close to 
the apex towards high concentrations of tagat S2. Nonetheless, the 
disappearance of coarse emulsion area adjacent to the SMEDDS 
region in the case of using crillit-3 could be attributed to the fact 
that crillit-3 is relatively more hydrophilic (HLB~16). Moreover, 
the inclusion of imwitor 308, a more polar cosurfactant, in the mix 
increases the fluidity of the surfactant film around oil droplets and 
hence allows better dispersion. This reflects the fact that crillet-3 
has a relatively higher packing parameter due to lower number 
of Carbons (C12) in the surfactant tail. This results in better 
chain mobility and hence the formation of flexible surfactant film 
around oil-water interface which facilitates better dispersions. 
Imwitor 308 is a mixture of mono, di and triesters (caprylic and 
capric acid) containing small amounts of unesterified glycerol. 
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Length of the fatty acids and number of free unesterified hydroxyl 
groups determine degree of surface activity (Raducan et al., 2021). 
Imwitor 308 has high monoglyceride content, the mono: di: tri 
ratio is 90: 7: 1, with 1% free glycerol and 1% water content. On 
the other hand, capmul MCM is an equimolar (1:1) mixtures of 
mono & di- glycerides. Therefore, the monoglyceride content in 
Capmul MCM is about 50% whereas the monoglyceride content 
in imwitor 308 is 90%. As a result, Imwitor 308 is a much more 
polar compound. Hence, imwitor 308 can profoundly increase, 
more than capmul MCM, interfacial fluidity of the surfactant film 
surrounding oil phase causing further decrease in surface tension 
and thus better dispersions.

Lipid system composed of miglyol 812N/ imwitor 988/ tagat 
TO is thoroughly studied by Hasan (2021f; 2004e). This system 
was found to produce nano-sized emulsions with the ability to 
retain its solvent capacity of active molecules after dispersion, 
influenced by temperature and ionic strength of the media which 
can be averted by including lutrol 127 (poloxamer 407) in the 
lipid matrix. It was found that the expansion of L2 phase due the 
incorporation of hydrophilic components in the oil mix or the 
formation of nano-emulsions from lipophilic aqueous dispersible 
systems is crucial for mechanistics of self-micro-emulsification 
(Hasan 2014e). In this case, “Diffusion and Stranding” becomes 
the predominate theory which describes process of self-micro-
emulsification. After reaching maximum solubilization (L2) close 
to the interface, further penetration of water into the systems 
results in the diffusion of the polar components out of the system. 
This is accompanied by the formation of regions supersaturated 
in oil and thus spontaneous nucleation of small oil droplets which 
eventually lead to the formation of microemulsion optically clear 
systems. The larger the (L2) area in the phase diagrams the smaller 
the size of the nucleated oil droplets and vice versa.

CONCLUSION

Robust self-micro-emulsifying lipid formulations representing 
type II and type III lipid class systems were developed. At least 
40% w/w of cremophor EL is needed to obtain all the way 
through clear self-emulsifying clear dispersions (L2→L1) on the 
progressive addition of water. The expansion of L2 phase due 
the incorporation of hydrophilic is crucial for mechanistics of 
self-micro-emulsification. Maximum aqueous solubilization 
as L2 phase occurred at ≈ 55% w/w for miglyol 812 and {tagat 
TO/imwitor 988} blends at ratios of either (7:3). Furthermore, 
the inclusion of polyplasdone XL 10 (cross-linked PVP) in the 
lipid mix has produced various stable mixtures in comparison to 
polyvinylpyrrolidone PVP or β cyclodextrin.
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