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ABSTRACT 

The purpose of this study was to select appropriate lipid vehicle and understand role of lipid vehicle in pseudo ternary phase 
diagram behaviour to find nanoemulsion area in formulation development of self nano emulsifying drug delivery system (SNEDDS) 
containing Fenofibrate and Atorvastatin Calcium. In silico prediction of drug solubility in a lipid vehicle remains challenging task. 
However, it has identified several factors that could be useful in predicting drug solubility in a particular excipient. These factors 
include the solubility parameter (δ), HLB value, partition coefficient, Molecular weight (MW), Dielectric constant (ε), dipole moment 
(µ) excipient fatty acid chain length, saponification value and viscosity. Non-ionic surfactant blends of Labrasol/Transcutol-P and 
Cremophor RH 40/Transcutol-P in different ratio were screened based on their solubilization capacity with water for Capmul MCM 
oil. High solubilization capacity was obtained by Cremophor RH 40/Transcutol-P (3:1) compared with other surfactant/co-surfactant 
ratio. High HLB blends of Cremophor RH 40/Transcutol-P (3:1) at HLB 12.3 has better solubilization capacity compared with the 
lower HLB values of Cremophor RH 40/Transcutol-P(2:1, 1:1) and Labrasol/Transcutol-P (3:1, 2:1, 1:1). All the selected blends of 
surfactants/co-surfactant were formed as oil-in-water microemulsions/nanoemulsion, and other dispersion systems varied in size 
and geometrical layout in the triangles. The high solubilization capacity and larger areas of the oil-in-water 
microemulsions/nanoemulsion systems were due to the structural similarity between the lipophilic tail of Cremophor RH 40 and the 
glycerides group of the Capmul MCM oil. This study also suggested that the pseudo ternary phase diagram behaviour of Capmul 
MCM oil, water, and non-ionic surfactant/co-surfactant is not affected by the HLB value. 

Keywords: Solubility Parameter (δ), Pseudo ternary phase diagram, Capmul MCM oil, non-ionic surfactant/co-surfactant, SNEDDS, 
Microemulsion, Nanoemulsion. 

 
INTRODUCTION 

n increasing number of recently discovered drug 
substances exhibit poor water solubility and hence 
low absorption after oral administration. An 

example of such a compound suffering from lower 
solubility and poor bioavailability are Fenofibrate, 
Atorvastatin, Pitavastatin, Simvastatin, etc. 

Several strategies to improve the solubility and 
dissolution of such poorly water soluble drugs have been 
developed and described in literature like use of 
surfactants, lipids, permeation enhancer, micronization, 
salt formation, cyclodextrin complexation, nanoparticles, 
etc. Among these lipid base system the self nano 
emulsifying drug delivery system (SNEDDS) is promising 
technology to improve the dissolution rate and rate and 
extent absorption of poorly water soluble drugs.1,2 

Nanoemulsion is a clear, isotropic, thermodynamically 
stable colloidal system which may be formed 
spontaneously by the chemical energy of surfactants, 
combinations of surfactants, and co-surfactants upon 
mixing a suitable oil phase and water without any 
mechanical energy input.3,4 It has many advantages 
compared with conventional emulsions, including 
increased drug-loading and enhanced transdermal 
delivery.4,5 

In silico prediction of drug solubility in a lipid vehicle 

remains challenging task. However, it has identified 
several factors that could be useful in predicting drug 
solubility in a particular excipient. These factors include 
the solubility parameter (δ), HLB value, partition 
coefficient, Molecular weight (MW), Dielectric constant 
(ε), dipole moment (µ) excipient fatty acid chain length, 
saponification value, surface tension and viscosity. 

To the best of our knowledge, no information is available 
in the literature on the usefulness of solubility parameter, 
required HLB (RHLB), and required chemical type of 
emulsifiers or solubilization capacity for solubilising 
vehicles as criterion for the selection of 
surfactant/cosurfactant in the formulation development 
of SNEDDS using Fenofibrate or Atorvastatin Calcium. 

The purpose of this study was to select appropriate lipid 
vehicle and to understand role of lipid vehicle in pseudo 
ternary phase diagram behaviour to find nanoemulsion 
area in formulation development of self nano emulsifying 
drug delivery system (SNEDDS) containing Fenofibrate or 
Atorvastatin Calcium. 

Solubility Parameter (δ), Required HLB (RHLB), required 
chemical type of emulsifiers and Solubilization capacity 
appeared to be useful as a criterion for the selection of 
surfactant/co-surfactant. 

The present study showed the importance of selecting a 
surfactant with the proper HLB for specific oils, as well as 
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the type of surfactant/co-surfactant. The solubility 
parameter (δ) of Fenofibrate and Atorvastatin Calcium 
are closest solubility parameter (δ) of Capmul MCM. 
Blend of better surfactant/co-surfactant was obtained 
when surfactant and co-surfactant at higher and lower 
HLB level respectively were blended. The greater the 
difference between the hydrophilic and lipophilic 
surfactants, the better the coverage by blends at the 
interface. The study also showed the importance of the 
structural similarities between the lipophilic tails of the 
surfactant blends. The pseudo ternary phase diagrams for 
mixtures of Capmul MCM oil with non-ionic 
surfactant/co-surfactant and water were constructed in 
this study.6,7 The micelles discussed in this study have 
potential applications, advantages, and usefulness in the 
pharmaceutical industry as SNEDDS by various routes of 
administration, as well as in cosmetics and personal care 
products.

8,9
 

MATERIALS AND METHODS 

Materials 

Labrasol and Transcutol-P were generous gift from 
Gattefose for research. Cremophor RH 40 was gifted from 
BASF. Capmul MCM oil was gifted from Abitech. 
Atorvastatin calcium was gifted from MSN. Fenofibrate 
was gifted from DIVI’s Lab. All other chemicals used were 
of analytical grade. 

Methods 

Solubility Study 

Screening of solubilizing excipient was done by 
determining the solubility of Fenofibrate and Atorvastatin 
Calcium in different solubilizing vehicle like oils, 
surfactants and co-surfactants (Table 1). An excess 
quantity of Fenofibrate or/and Atorvastatin Calcium were 
added to the 2 ml of the solubilizing vehicle. Both 
components were mixed in a vial for 5 min using 
cyclomixer (REMI, Mumbai, India). The mixture in vial was 
shaken at 25 ± 1.0oC for 48 hour using controlled 
temperature rotary shaker. The mixtures were 
centrifuged using R-4C DX Laboratory Centrifuge (REMI, 
Mumbai, India) at 5000 rpm for 15 minute. The 
supernatant was separated and Fenofibrate and 
Atorvastatin Calcium were extracted in methanol. The 
drug content was analysed using Shimadzu 1700 UV-
Visible spectrophotometer at 287 and 246 nm for 
Fenofibrate or Atorvastatin Calcium, respectively. 

Selection of Blend of Surfactant/Co-surfactant (Lipid 
Vehicle) 

Selection of surfactant is critical step in formulating the 
desired nanoemulsion. Each surfactant or oil has a 
specific HLB. The corrected HLB of the selected surfactant 
or blend of surfactant and co-surfactant that match the 
HLB of the selected oil provides the lowest interface 
tension between the oil and water phases. The HLB of the 
selected surfactant and blend of surfactant and co-
surfactant reflects the stability of the system at lower 

levels, and can be obtained when the HLBs of the 
surfactant or blend of surfactant: co-surfactant and oil 
are similar.

10
 

Capmul MCM is a mono-diglyceride of medium chain 
fatty acids (mainly caprylic and capric). It is an excellent 
solvent for many organic compounds including steroids. 

Polyoxyl 35 hydrogenated castor oil is a non-ionic 
solubiliser and emulsifier made by reacting hydrogenated 
castor oil with ethylene oxide in a molar ratio of 1: 40. It 
has many uses as a nonionic surfactant, emollient, and 
thickening agent in skin preparations. 

Labrasol (Caprylocaproyl polyoxyl-8 glycerides) is a non-
ionic solubiliser and emulsifier. It is mixture of 
monoesters, diesters and triesters of glycerol and 
monoesters and diesters of polyethylene glycol with a 
mean relative molecular weight between 200 and 400. 
They are produced by partial alcoholysis of medium chain 
triglycerides with polyethylene glycol, by esterification of 
glycerol and polyethylene glycol with caprylic acid and 
capric acid, or as a mixture of glycerol esters and ethylene 
oxide condensate with caprylic acid and capric acid. 

Transcutol-P (Diethylene glycol monoethyl ether) is non-
ionic solubiliser and emulsifier. Structurally it is an alcohol 
and ether. It is a colorless, slightly viscous liquid with a 
mild pleasant odor. 

Capmul MCM oil is composed of mono-diglyceride of 
medium chain fatty acids (mainly caprylic and capric) in 
which the side chains match the tail of non-ionic 
surfactant. 

Therefore, non-ionic surfactants were chosen to study 
the phase diagram behaviour of Capmul MCM oil. Non-
ionic surfactants are also recognized as being safe and 
biocompatible, and are not affected by pH changes in 
media because they are uncharged. 

The non-ionic surfactants were chosen for screening to 
select a suitable blend of surfactant/co-surfactant that 
would best match Capmul MCM oil. 

A blend of hydrophilic and lipophilic surfactants is needed 
to obtain longer stability of the dispersion phase at the 
lowest concentration levels.11,12 A blend of surfactant/co-
surfactant with an HLB that matches that of the oil phase 
will provide better solubilization and stability of the 
dispersion system produced. Therefore, the selection of 
surfactant blends at lower and higher HLB matching the 
HLB of oil is important in the formulation of a colloidal 
system. 

Calculation of Solubility Parameter 

Polarity of a solvent plays an important role in the 
solubility. Polar solvents are capable of solvating 
molecules through dipole interaction forces, particularly 
via hydrogen-bond formation, which is a major 
mechanism in the solubility of a compound. Polarity of 
solvents can be defined by dielectric constant (E), which is 
an important property related to the solubility and 
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hydrophilic-lipophilic balance.13-16 It has been shown that 
the solubility of a solute decreased as the dielectric 
constant of solvent decreased.

17,18
 An understanding of 

cohesive energy between drug and lipid molecules may 
help to determine how a lipid will behave as a solvent. 

Cohesion is result of the London forces, polar interactions 
and specific ones like hydrogen bonding.

19,20
 The 

commonly used approach in quantifying the cohesion 
between a solvent and a solute is the solubility parameter 
(δ), which is defined as the square root of the cohesive 
energy density, expressed as the energy of vaporization. 

δ = (CED)
1/2

= (∆Ev/Vm)
1/2

 (Equation-1) 

Where CED is cohesive energy density ∆Ev is the energy 
of vaporization and Vm is the molar volume. 

This parameter may be useful to predict the solvating 
ability of a lipid or lipid mixture. When solubility 
parameters of lipid and drug are similar, they are 
expected to become miscible.21, 2 

According to this calculation, the solubility parameter: 

δF = *Ʃ∆e/ Ʃ ∆v+1/2  (Equation-2) 

Where ∆e = the additive atomic group contributions for 
the energy of vaporization 

∆v = the additive atomic group contributions for the 
molar volume 

In this study, the group contribution method was used to 
calculate the solubility parameter from knowledge of the 
structural formula of the selected lipids and drug 
compounds. 

Solubility parameters (δF) of lipids and drugs were 
calculated using the group contribution method devised 
by Fedor’s (Equation-2). 

δF = *Ʃ∆e/ Ʃ∆v+1/2  (Equation-2) 

In this mode the contribution of hydrogen bonding is not 
included. Therefore, hydrogen bonding contribution (δH) 
was calculated as: 

δH = (5000m/V)1/2 (Equation-3) 

Where, m is the number of hydrogen donor and 
acceptors, and Vis the molar volume (MW/density). 

Total solubility parameter (δT) was calculated by adding 
hydrogen bonding contribution (δH) to the Fedor’s 
solubility parameter (δF): 

δT = (δF
2 + δH

2) 1/2  (Equation-4) 

Solubility parameters for Atorvastatin calcium and 
Fenofibrate were calculated by equation 4. Atorvastatin 
calcium has δT (ATR) of 15.27 (cal/cm

3
)

1/2
 and Fenofibrate 

has δT (FENO) of 16.46 (cal/cm3)1/2. 

Determination of Required HLB (RHLB) of Capmul MCM 
Oil 

To determine RHLB (o/w) for emulsification of Capmul 

MCM oil, a matched pair of surfactants belonging to same 
chemical class but having different hydrophilicity i.e. 
Cremophor RH 40 (non-ionic hydrophilic surfactant) and 
Transcutol-P (lipophilic surfactant) were selected. The 
batches of eleven surfactants blends, ranging in HLB from 
straight Cremophor RH 40 (HLB = 15) to Transcutol-P (HLB 
= 4.5) were shown in Table 2. 

Eleven test formulation containing 25% Capmul MCM 
(oily phase), 75% water and one of the above 
surfactant/co-surfactant blend (10% of weight of Capmul 
MCM) were prepared in test tubes. Test tubes were 
closed using stopper. Test tubes were shaken once (up 
and down in a quick, hard motion) and observed for 
emulsification. 

Similarly eleven test formulations were also prepared in 
beakers. Further, contents of each beaker were stirred for 
1 minute using magnetic stirrer at 600 rpm, transferred in 
test tubes and observed for separation. The time taken by 
emulsion for separation of a particular volume of Capmul 
MCM was recorded. Trials were performed in triplicate. 
Required HLB for Capmul MCM was determined based on 
ease of preparation and time for separation. Number of 
times the test tubes shaken till a homogenous milky 
emulsion formed and time of separation for Capmul MCM 
emulsions prepared using emulsifiers of different HLB 
were shown in Table 3. 

Determination of required chemical type of Emulsifiers 

To find out appropriate surfactants, one more 
formulation was prepared using pair of Labrasol and 
Transcutol-P in such a ratio to give HLB value 12.84 
(which is required for Capmul MCM). Ease of preparation 
and time for separation was determined and compared 
with the emulsion prepared using Cremophor RH 40 and 
Transcutol-P mixtures. Number of times the test tubes 
shaken till a homogenous milky emulsion formed and 
time of separation for Capmul MCM emulsion prepared 
using surfactant/co-surfactant blend of same HLB but 
different chemical type was shown in Table 4. 

The individual non-ionic hydrophilic surfactant Labrasol 
and Cremophor RH 40 was blended with the lipophilic 
surfactant Transcutol-P in ratios of 1:1, 2:1, 3:1 w/w to 
produce blends of surfactant/co-surfactant with various 
HLBs in the range of 8.1–12.5. 

Measurement of solubilization capacity 

The water solubilization capacity, i.e, minimum content of 
non-ionic surfactant required to form a nanoemulsion 
system with Capmul MCM oil, was performed as a 
criterion for optimization using the water titration 
method.23 The results of solubilization capacity were used 
to select the best emulsifier to study the phase diagram 
behaviour of Capmul MCM oil. 

The blend of surfactant/co-surfactant forming a clear 
system at the minimum concentration (oil-in-water 
microemulsion/nanoemulsion) was selected as the blend 
that best matched the HLB of Capmul MCM oil. 



Int. J. Pharm. Sci. Rev. Res., 40(2), September – October 2016; Article No. 43, Pages: 228-237                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

231 

Construction of Pseudo-Ternary Phase Diagrams 

Pseudo ternary phase diagrams were constructed based 
on the types of mixtures or dispersion systems formed 
when Capmul MCM oil-surfactant/co-surfactant mixtures 
were serially titrated with water at ambient temperature. 
Various weight to weight blends of selected 
surfactant/co-surfactant in the ratios of 1:1, 2:1 and 3:1 
were produced to form surfactant/co-surfactant mixtures 
with HLB values of 8.1, 9.4, 10.1, 9.6, 11.4 and 12.3, 
respectively.22 

The Capmul MCM oil and the blend of surfactant/co-
surfactant at each HLB value were weighed separately in 
glass beakers, and were mixed and vortexed thoroughly 
in specific oil to surfactant/co-surfactant mixture ratios in 
the range of 0.25:4.75 – 4.5:0.5. Each mixture was slowly 
titrated with distilled water drop wise using a pipette. 
After each addition of water, the systems were vortexed 
for 10–20 seconds, and the final mixtures were vortexed 
for 2–3 minutes at room temperature. Initial visual 
observations of the resulting mixtures were categorized 
according to their physical characteristics. Microscopic 
examination was made of the final mixtures to identify 
the type of emulsion obtained using water-soluble dyes, 
i.e. Congo red and methylene blue. Details of the visual 
observation and microscopic identification of the 
resulting mixtures were recorded. The mixtures were 
stored for 24 hours at room temperature to achieve 
equilibrium. After equilibrium was reached, the final 
visual observation was recorded. The oil vertex in the 
triangle phase diagram represents Capmul MCM oil, the 
S/Cos vertex represents the surfactant/co-surfactant, and 
the remaining vertex represents the water phase. 

To determine effect of drug addition on nanoemulsion 
boundary, phase diagrams were also constructed in 
presence of drug using drug-enriched oil as hydrophobic 
component. Phase diagrams were constructed using Tri 
plot v1-4 software. 

RESULTS AND DISCUSSION 

Solubility Study 

Vehicles should have good solubilizing capacity for the 
drug substance, which is essential for formulating 
SNEDDS. The results of solubility of Fenofibrate and 
Atorvastatin Calcium in various vehicles were shown in 
Table 1. Fenofibrate and Atorvastatin Calcium had highest 
solubility in Capmul MCM Oil (Glyceryl Caprylate/Caprate) 
with comparison to other lipid vehicles. Fenofibrate and 
Atorvastatin Calcium had highest solubility in Cremophor 
RH 40 (Polyoxyl 40 hydrogenated Castor oil) and 
Transcutol-P as compare to other surfactant and co-
surfactant. Capmul MCM Oil (Glyceryl Caprylate/Caprate) 
as oil, Cremophor RH 40 (Polyoxyl 40 hydrogenated 
Castor oil) as surfactant and Transcutol-P as co-surfactant 
were selected for optimal SNEDDS formulation resulting 
in improved drug loading capability. Furthermore, with 
respect to its safety, Capmul MCM Oil (Glyceryl 
Caprylate/Caprate), Cremophor RH 40 (Polyoxyl 40 

hydrogenated Castor oil) and Transcutol-P are included in 
the FDA Inactive Ingredients Guide. 

Selection of Blend of Surfactant/Co-Surfactant 

Solubility Parameter (δ) 

Lipids used were better solvents for Atorvastatin calcium 
or Fenofibrate in increasing solubility because 
Atorvastatin calcium and Fenofibrate has higher 
lipophilicity with a log P of 5.7 and 5.3 respectively. 

The solubility parameter calculated for Atorvastatin 
calcium is δT (ATR) = 15.27 (cal/cm3)½ (Table 5). Capmul 
MCM that has the closest solubility parameter (16.86 
(cal/cm

3
)

1/2
) to that of Atorvastatin calcium and hence it 

provided the highest solubility among all lipids used. The 
same correlation could be observed with Fenofibrate. The 
calculated solubility parameter for Fenofibrate is δT (FENO) = 
16.46 (cal/cm3)½ and the lipid that has closest solubility 
parameter is Capmul MCM (Capmul MCM = 16.86 
(cal/cm3)1/2 (Table 5). Overall, calculated solubility 
parameter appeared to be a good predictor for the 
expected solvent effects of the lipids. The predictions are 
exclusively based on molecular structure of compounds, 
and no experimental data required. 

Required HLB (RHLB) of Capmul MCM Oil 

The data of Table-2 showed that among the 
surfactant/co-surfactant blends (Cremophor RH 
40/Transcutol-P), the composition at 80:20 ratio having 
HLB 12.84 gave an emulsion that is easy to prepare and 
take longer time for separation of components then the 
other ten mixtures. These preliminary tests showed that 
the approximate RHLB for Capmul MCM is 12.84. 

Under the HLB system, it was found that the oils, waxes, 
and other materials likely to be incorporated in to 
emulsion had an individual required HLB. This means that 
a surfactant or blend of surfactant/co-surfactant, having 
desired RHLB will make more stable emulsion than the 
emulsifier of any other HLB value. 

Required Chemical Type of Emulsifiers 

The mixture of Labrasol and Transcutol-P having HLB 
12.84 gave similar results for ease of preparation and 
time for separation (no significant difference) as that of 
mixture of Cremophor RH 40 and Transcutol-P having 
similar HLB. 

The 80:20 mixture of Cremophor RH 40 and Transcutol-P 
having HLB 12.84 was selected as surfactant/co-
surfactant blend for further study. 

Solubilization Capacity 

Reverse micelle systems have been an interesting area of 
research in various fields of science and technology, due 
to their capability to solubilize water in organic solvent in 
the presence of surfactant.

25
 It is known that ethoxylated 

non-ionic hydrophilic surfactants tend to form reverse 
micelles in organic media.26 The results for the reverse 
micelle systems in this study formed by screening series 
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surfactants/co-surfactant were shown in Table 6. 
Cremophor RH 40/Transcutol-P (3:1) showed a high 
solubilization capacity compared with other S/CoS Ratio. 
Cremophor RH 40 (Polyoxyl 40 hydrogenated castor oil) is 
a non-ionic solubiliser and emulsifier made by reacting 
hydrogenated castor oil with ethylene oxide in a molar 
ratio of 1: 40. 

Labrasol/Transcutol-P (1:1) showed the lowest 
solubilization capacity compared with Cremophor RH 
40/Transcutol-P (3:1) (Table 6). This indicated a weak 
interaction between the oil and surfactant/co-surfactant 
from the same fatty acid derivative. 

The results of this study were consistent with the study 
showing that the maximum solubilization capacity of 
water depends upon the oxyethylene chain and the 
configuration of the polar head group and hydrocarbon 
moiety of non-ionic surfactants and on type of oil.

23
 

The results for the solubilization capacity of blends of 
surfactants/co-surfactant showed that Cremophor RH 
40/Transcutol-P (3:1) at HLB 12.3 has the highest 
solubilization capacity compared with the 
Labrasol/Transcutol-P (3:1) at HLB 10.1. These results 
indicated the importance of the more lipophilic tail group 
that is structurally similar to the group on the Capmul 
MCM oil, which enables the co-surfactants to be well 
packed at the interface. Thus, these results reflected the 
effect of the type of co-surfactant blend on the 
solubilization capacity. The high solubilization capacity 
was obtained when surfactant/co-surfactant having the 
highest and lowest HLB value were mixed together, as 
shown by the solubilization capacity result for Cremophor 
RH 40/Transcutol-P (3:1) compared with the 
Labrasol/Transcutol-P (3:1) blend (Table 6). 

The results of the study indicated the importance of 
selection of a better surfactant/co-surfactant blend 
showing strong solubilization capacity, which accordingly 
gives high stability. 

Pseudo Ternary Phase Diagrams 

Pseudo Ternary phase diagrams were constructed in 
presence of Fenofibrate or Atorvastatin Calcium to obtain 
optimum concentrations of oil, water, surfactant, and co-
surfactant. SNEDDS formed fine oil–water emulsions with 
only gentle agitation, upon its introduction into aqueous 
media. 

Phase behaviour investigations of this system 
demonstrated suitable approach to determining water 
phase, oil phase, surfactant concentration, and co-
surfactant concentration with which transparent, one 
phase low-viscous nanoemulsion system was formed.27 

Since free energy required to form an emulsion is very 
low, formation is thermodynamically spontaneous.

26
 

Surfactants form a layer around emulsion droplets and 
reduce interfacial energy as well as providing a 
mechanical barrier to coalescence. The visual test 
measured apparent spontaneity of emulsion formation. 

Figure 1-2 presented the pseudo ternary phase diagram 
for mixtures of Capmul MCM oil, S/CoS 
(Labrasol/Transcutol-P and Cremophor RH 40/Transcutol-
P) and water at various component compositions. All 
types of dispersions, including conventional water-in-oil 
and oil-in-water emulsions, water-in-oil and oil-in-water 
microemulsions, can be formed by S/CoS mixtures. A 
large area of clear isocratic solution (oil-in-water 
microemulsion/nanoemulsion) is formed at the oil-S/CoS 
axis in oil-rich regions. The minimum content of 
Cremophor RH 40/Transcutol-P (3:1) at an HLB of 12.3 
formed in an isocratic system is 11.05% (fenofibrate) and 
8.796% (Atorvastatin Calcium). This minimum content of 
surfactant/co-surfactant in a microemulsion or 
nanoemulsion system is known as the surfactant 
solubilization capacity.23 

The smaller the percentage of S/CoS in a 
microemulsion/nanoemulsion system, the higher the 
solubilization capacity of the S/CoS, the better the match 
of the oil and S/CoS HLB, and hence the higher the 
stability of the product. Based on solubilization capacity, 
Cremophor RH 40/Transcutol-P (3:1) was selected as the 
best S/Cos. 

The larger area of oil-in-water 
microemulsion/nanoemulsion formed by Cremophor RH 
40/Transcutol-P (3:1) is due to the large molecular 
packing ratio of Cremophor RH 40/Transcutol-P, which is 
classified as a strong solubiliser.29 Recent research has 
also suggested that the solubilization capacity and 
formation of oil-in-water microemulsion/nanoemulsion 
was caused by the extent of packing at the interface and 
not because of the HLB or the specific hydrophobicity of 
the surfactants.26 

The main disadvantage of microemulsion/nanoemulsion 
systems is the lack of biocompatibility due to high 
surfactant(s) concentrations which might lead to toxicity 
or skin irritation.30 Use of Capmul MCM oil that form a 
reverse micelle system in any formulation can overcome 
the lack of biocompatibility of such 
microemulsion/nanoemulsion systems because a low 
concentration of S/Cos is used. 

Figures 1-2 showed the behaviours of surfactant/co-
surfactant blends of Cremophor RH 40/Transcutol-P (with 
HLB values of 9.6, 11.3, and 12.3), Capmul MCM oil, and 
water at various concentration levels. The dispersion 
systems formed by these mixtures had reflected the 
nature and behaviour of their component compositions. 
The dispersion systems in these phase diagrams differ 
geometrically from Labrasol/Transcutol-P phase diagram. 
They showed much smaller areas of oil-in-water 
microemulsion/nanoemulsion compared with Cremophor 
RH 40/Transcutol-P (HLB 12.3). They also showed 
variation in area for the microemulsion system and other 
types of dispersion. Cremophor RH 40/Transcutol-P (3:1) 
at an HLB of 12.3 formed a large oil-in-water 
microemulsion/nanoemulsion area. The smaller area of 
oil-in-water microemulsion/nanoemulsion was due to a 
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lower HLB, which increases the lipophilic character of the 
surfactant blend.31 

It was also clear from the solubilization capacity results 
that the Cremophor RH 40/Transcutol-P (3:1) with an HLB 
of 12.3 was a stronger solubiliser for water in Capmul 
MCM oil than other blends of Cremophor RH 
40/Transcutol-P and Labrasol/Transcutol-P with HLB 
values in the range of 8.1–12.3. The weak interaction 

between the oil and S/CoS at lower HLB values for 
forming a reverse micelle system was due to the weaker 
solubilization of water at the interface in the presence of 
high percentages of lipophilic surfactant in the blends. 

However, excessive amount of co-surfactant will cause 
system to become less stability for its intrinsic high 
aqueous solubility and lead to droplet size increasing as a 
result of expanding interfacial film.

32,33
 

Table 1: Solubility of Fenofibrate and Atorvastatin Calcium in Various Oil, Surfactant and Co-Surfactant 

Material Solubility (mg/ml) ± SD 

 Fenofibrate Atorvastatin Calcium 

Castor Oil 72.18 ± 0.15 11.60 ± 0.06 

Labrafac PG 58.85 ± 0.14 28.14 ± 0.04 

Oleic Acid 21.43 ± 0.11 19.40 ± 0.10 

Capmul MCM Oil 178.93 ± 0.38 52.97 ± 0.07 

Light Liquid Paraffin 25.70 ± 0.12 10.69 ± 0.09 

Tween-80 74.80 ± 0.20 40.13 ± 0.04 

Span-20 47.22 ± 0.24 26.06 ± 0.07 

Labrafac Lipophile WL 1349 63.89 ± 0.22 42.02 ± 0.03 

Cremophor EL 61.48 ± 0.18 30.43 ± 0.05 

Labrasol 119.93 ± 0.46 74.48 ± 0.08 

Capmul GMO-50 36.29 ± 0.14 26.74 ± 0.08 

Captex 355 25.19 ± 0.08 14.31 ± 0.08 

PEG-400 36.39 ± 0.11 38.67 ± 0.07 

Propylene Glycol 34.17 ± 0.11 10.74 ± 0.09 

Transcutol-P 177.11 ± 0.43 82.28 ± 0.08 

Cremophor RH 40 112.85 ± 0.31 71.32 ± 0.28 

Table 2: Surfactant/Co-surfactant blends Cremophor RH 40 and Transcutol-P in different weight ratio and having 
different calculated HLB 

S. No. 
Surfactant/Co-surfactant Blends 

Calculated HLB 
Cremophor RH 40 Transcutol-P 

1 100 0 15.00 

2 90 10 13.92 

3 80 20 12.84 

4 70 30 11.76 

5 60 40 10.68 

6 50 50 9.60 

7 40 60 8.52 

8 30 70 7.44 

9 20 80 6.36 

10 10 90 5.28 

11 0 100 4.20 
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Table 3: Number of times the test tubes shaken till a homogenous milky emulsion forms and time of separation for 
Capmul MCM emulsions prepared using emulsifiers of different HLB 

S. No. 
Calculated HLB of Surfactant/co-surfactant 

blend 

Number of times Test tubes shaken till a 
homogenous milky emulsion forms 

Time taken by emulsion for 
separation (min) 

Mean SD Mean SD 

1 15.00 3.6 0.21 42.7 2.08 

2 13.92 3.2 0.15 47.0 2.65 

3 12.84 3.0 0.06 58.0 2.00 

4 11.76 5.3 0.26 45.7 1.53 

5 10.68 6.1 0.31 43.7 2.52 

6 9.60 8.1 0.25 37.0 2.65 

7 8.52 9.4 0.35 32.3 2.52 

8 7.44 12.0 0.25 28.7 3.06 

9 6.36 12.4 0.31 22.7 2.52 

10 5.28 16.3 0.36 18.0 2.65 

11 4.20 No emulsification 2.3 0.58 

Table 4: Number of times the test tube shaken till a milky emulsion forms and time for separation for Capmul MCM 
emulsion prepared using surfactant/co-surfactant blend of same HLB but different chemical type 

S. No. Surfactant/Co-surfactant blend and HLB 

Number of times the test tubes 
shaken for emulsification 

Time taken by emulsion for 
separation (min) 

Mean SD Mean SD 

1 Cremophor RH 40 and Transcutol-P, 12.84 3.0 0.06 58 2.00 

2 Labrasol and Transcutol-P, 12.84 4.0 0.25 51.3 1.53 

Table 5: The Solubility Parameter of Selected Lipid Vehicles 

Materials δH ∆v δF δT 

Atorvastatin Calcium 9.79 939.3 11.72 15.27 

Fenofibrate 8.08 306.45 14.34 16.46 

Capmul MCM Oil 11.74 217.81 12.10 16.86 

Light Liquid Paraffin 7.03 405.12 7.62 10.36 

Castor oil 7.81 982.56 5.34 9.46 

Oleic acid 6.87 317.87 10.64 12.67 

Labrafac PG 6.95 724.97 9.61 11.86 

Tween-80 10.77 560.01 8.73 13.87 

Span-20 11.58 335.72 6.34 13.20 

Labrafac Lipophile WL 1349 8.19 522.01 9.39 12.46 

Cremophor EL (Polyoxyl 35 castor oil) 10.15 2233 9.77 14.09 

Cremophor RH 40 10.40 2403.8 12.20 16.03 

Labrasol 13.69 1094.3 6.68 15.23 

Capmul GMO-50 (Glyceryl Monooleate) 8.88 380.19 12.10 15.01 

Captex 355 7.75 499.98 11.51 13.88 

PEG-400 12.99 355.56 6.14 14.37 

Propylene Glycol 16.53 73.163 6.82 17.88 

Transcutol-P 12.15 135.5 9.24 15.26 
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Table 6: The Solubilization Capacity of Selected Surfactants and Surfactant Blends 

Drug Surfactant/Co-surfactant HLB 
Solubilization 

Capacity 

Fenofibrate 

Labrasol/Transcutol-P (1: 1) 8.1 29.688 

Labrasol/Transcutol-P (2: 1) 9.4 23.750 

Labrasol/Transcutol-P (3: 1) 10.1 12.180 

Cremophor RH 40/Transcutol-P (1: 1) 9.6 27.457 

Cremophor RH 40/Transcutol-P (2: 1) 11.4 20.652 

Cremophor RH 40/Transcutol-P (3: 1) 12.3 11.050 

Atorvastatin 
Calcium 

Labrasol/Transcutol-P (1: 1) 8.1 12.838 

Labrasol/Transcutol-P (2: 1) 9.4 11.047 

Labrasol/Transcutol-P (3: 1) 10.1 9.694 

Cremophor RH 40/Transcutol-P (1: 1) 9.6 12.179 

Cremophor RH 40/Transcutol-P (2: 1) 11.4 10.106 

Cremophor RH 40/Transcutol-P (3: 1) 12.3 8.796 

 

Figure 1: (I) S/Cos (Labrasol/Transcutol-P (1:1) at HLB - 8.1), (II) S/Cos (Labrasol/Transcutol-P (2:1) at HLB – 9.4), (III) S/Cos 
(Labrasol/Transcutol-P (3:1) at HLB – 10.1), (IV) S/Cos (Cremophor/Transcutol-P (1:1) at HLB – 9.6), (V) S/Cos 
(Cremophor/Transcutol-P (2:1) at HLB – 11.3), (VI) S/Cos (Cremophor/Transcutol-P (3:1) at HLB – 12.3) 
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Figure 2: (I) S/Cos (Labrasol/Transcutol-P (1:1) at HLB - 8.1), (II) S/Cos (Labrasol/Transcutol-P (2:1) at HLB – 9.4), (III) S/Cos 
(Labrasol/Transcutol-P (3:1) at HLB – 10.1), (IV) S/Cos (Cremophor/Transcutol-P (1:1) at HLB – 9.6), (V) S/Cos 
(Cremophor/Transcutol-P (2:1) at HLB – 11.3), (VI) S/Cos (Cremophor/Transcutol-P (3:1) at HLB – 12.3) 

CONCLUSION 

The purpose of the present was to select appropriate lipid 
vehicle and to understand role of lipid vehicle in pseudo 
ternary phase diagram behaviour to find nanoemulsion 
area in formulation development of self-nanoemulsifying 
drug delivery system (SNEDDS) containing Fenofibrate 
and Atorvastatin Calcium. Solubility Parameter (δ), 
Required HLB (RHLB), required chemical type of 
emulsifiers and Solubilization capacity were determined 
for selection of blend of surfactant/co-surfactant. 

The pseudo ternary phase diagrams for mixtures of 
Capmul MCM oil with non-ionic surfactant/co-surfactant 
and water were constructed in this study. The present 
study showed the importance of selecting a surfactant 
with the proper HLB for specific oils, as well as the type of 
surfactant/co-surfactant. The solubility parameter (δ) of 
Fenofibrate and Atorvastatin Calcium are closest 
solubility parameter (δ) of Capmul MCM. Blend of better 
surfactant/co-surfactant was obtained when surfactant 
and co-surfactant at higher and lower HLB level 
respectively were blended. The greater the difference 
between the hydrophilic and lipophilic surfactants, the 
better the coverage by blends at the interface. The study 
also showed the importance of the structural similarities 
between the lipophilic tails of the surfactant blends. 

The SNEDDS have potential applications, advantages, and 
usefulness in the pharmaceutical industry as SNEDDS by 
various routes of administration, as well as in cosmetics 
and personal care products. Solubility Parameter (δ), 
Required HLB (RHLB), required chemical type of 
emulsifiers and Solubilization capacity appeared to be 
useful as a criterion for the selection of surfactant/co-
surfactant along with pseudo ternary phase diagrams in 
formulation development of SNEDDS. 
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