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A B S T R A C T 

The Objective of the study was to prepare and design a stable formulation 
for self-emulsifying drug delivery system in order to enhance the solubility 
and oral absorption of a poorly-soluble drug, called griseofulvin. The 
prepared self-emulsifying systems were evaluated regarding their 
refractory index, particle size, emulsifying strength, drug release, and rat 
intestine permeability. The results showed that a mixture of oleic acid (as 
a fatty acid) with Labrafil-Tween 20 (as a surfactant), Labrafac PG (as a co-
surfactant), and Poloxamer and hydroxypropyl methylcellulose (as a 
polymer) led to prepare stable emulsions with a refractive index higher 
than acidic medium and water. The particle size of the formulations was 
obtained between 310 to 834 nm. The particle size of samples was 
influenced by S/C ratios, so that the mean particle size decreases with an 
increasing in the S/C ratios. The percentage of drug release after 24 hours 
for formulations was 22.38 to 46.95. The correlation between the 
percentages of drug released after 24 hours with S/Oil and S/C ratios was 
significant. In Ex-vivo intestinal permeability, there was a significant and 
direct correlation between Q4 and surfactant/oil ratio. The selected 
formulations showed drug permeability through the rat intestine 3- folds 
more, compared with the control. 
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Introduction 

In comparison with other drug administration 
methods, the oral route is the easiest, safest and 
most convenient method. Other advantages of oral 
delivery systems are, high patient compliance; 
cost - effectiveness; least sterility constraints and 
flexibility in the design of the dosage form [1, 2]. 
Because of the poor water solubility of 
approximately 40% of new chemical drugs, one of 
the major challenges in oral drug formulation is 
low and poor bioavailability [3]. Numerous 
technological approaches have been developed to 
enhance the bioavailability of drugs with low 
solubility, including solid dispersions, 
complexation with cyclodextrins, micronization, 
salt formation, solid lipid nanoparticles, 
microemulsions, self-emulsifying drug delivery 
systems(SEDDSs) and liposomes [2, 4-6].  
Griseofulvin is an antifungal antibiotic 
administered orally in the treatment of 
dermatophyte and ringworm infections [7]. 
Griseofulvin with molecular weight 352.766 
g/mol and logP 2.15, is insoluble in water (8.64 
mg/lit) [8] and according to the Biopharmaceutics 
Classification System, it belongs to Class II drugs 
[9]. The oral bioavailability of griseofulvin is highly 
variable (25-70 %) and strongly influenced by 
interaction by food and gastrointestinal contents 
[10].  Hence, the absorption of griseofulvin would 
be rate-limited by the dissolution process [11]. 
Therefore, different approaches have been applied 
to improve the bioavailability by increasing the 
drug solubility and dissolution rate. Among these 
approaches, the potential of Super self-
emulsifying drug delivery systems as drug 
delivery system to increase drug solubility has 
been widely reported.  
SEDDSs are isotropic mixtures of oils, surfactants 
and/or co-surfactant and may be a promising 
strategy to improve the solubility and 
bioavailability of highly lipophilic compounds. 
SEDDS can form fine oil−in−water (o/w) 
emulsions when exposed to an aqueous phase 
such as gastrointestinal fluid under gentle 
agitation, which presents the drug in solubilized 
form, and the small size of the formed droplet 
provides a large interfacial surface area for drug 
absorption [12,13]. Super Saturated Self- Emulsifying 

Drug Delivery System (S-SEDDS) formulations 
have been designed and developed to reduce the 
surfactant side-effects and achieve rapid 
absorption of poorly soluble drugs. S-SEDDS 
formulations differ from the conventional SEDDS 
formulations as they contain different amount of 
surfactant and a polymer as precipitation inhibitor 
agent (e.g., water-soluble cellulosic polymers), in 
order to generate and maintain a supersaturated 
state of the drug following mixing with water [14].  
The purpose of the present study was to evaluate 
the effect of S-SEDDs on griseofulvin aqueous 
solubility and ex- vivo permeability through rat 
intestinal membrane. 

Materials and Methods 

Chemicals 

Griseofulvin was purchased from the 
DarouPakhsh Pharmaceutical Company (Iran). 
Oleic acid and Span 20 were obtained from Merck 
(Germany) Inc.; also, hydroxypropyl 
methylcellulose (HPMC) and Poloxamer were 
obtained from Sigma-Aldrich Company. Labrafac 
PG (Propylene glycol dicaprylocapraye) and 
labrafil 1944CS were gifts from the GATTEFOSSE 
Company (France). Castor oil was a gift from Kim 
agar Toss Co. (Iran). Dialysis bag was purchased 
from Armaghane Kalaye Javan Co, Tehran, Iran. 

Animals 

A total 8 adult male Wister rats،four month of age ،

weighing 192±10.3 g were purchased from the 
laboratory Animals Care and Breeding Center of 
Ahvaz Jundishapur University of Medical Sciences, 
Ahvaz, Iran. All rats were sacrificed using 
chloroform; then, animal intestines were removed 
and divided into three equal parts. All parts of 
intestine were washed in a cold Ringer’s solution. 
The experiments were performed in accordance 
with the guidelines for the use of animals in Ahvaz 
Jundishapur University of Medical Sciences and 
approval for the animal studies was obtained from 
the Ethical Committee of Ahvaz Jundishapur 
University of Medical Sciences (ref no. 843) 
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Screening of oils for SEDDS 

The solubility of griseofulvin in different oils 
(Castor oil, oleic acid and labrafac PG) was 
measured as follows: 5 mL of each selected oil 
(shown in Table 1) was added to excess amount of 
griseofolvin and stirred for 30 min at 37°C, and 
then for one day (24 h) at room temperature. 

Afterwards, the mixture was centrifuged at 3000 
rpm for 15 minutes and the supernatant was 
cleared, and the amount of dissolved drug was 
determined using an ultraviolet/visible (UV) 
spectrophotometer at 294nm after extraction with 
methanol [15]. 

Table 1. The solubility of griseofulvin in various oils (mean ± SD, n=3) 

Oil Drug solubility (mg/ml) 

Oleic acid 0.75 ± 0.06 

Castor oil 0.53 ± 0.04 
Labrafac PG 0.62 ± 0.06 

Construction of ternary phase diagram 

To investigate a concentration range of 
components for the existing boundary of SEDDS, 
pseudo-ternary phase diagrams were constructed 
at room temperature using the water titration 
method (Figure 1). Two ternary phase diagrams 
were prepared with the 6.5:1 (Km=6.5) and 13:1 ( 
Km=13) weight ratios of Labrafil M 1944CS- 
Tween 20/Labrafac PG. Oil phase (oleic acid) and 
the surfactant – co surfactant mixture were then 
mixed at the weight ratios  of 1:9, 2:8, 3:7, 4:6, 5:5, 
6:4, 7:3, 8:2, and 9:1. These mixtures were diluted 
drop wise with double distilled water, under 

moderate agitation [15]. Full factorial design was 
used concerning with 3 variables at 
2 levels for formulations. Major variables take part 
in determination of SEDDS properties include 
surfactant/cosurfactant ratio (S/C), surfactant/oil 
ratio (S/O) and type of polymer (P). 
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Fig. 1. The Pseudo-Ternary Phase Diagrams of the Oil-Surfactant/CoSurfactant Mixture–Water System at 6.5:1 and 13:1 
Weight Ratio of Labrafil M 1944CS- Tween 20/Labrafac PG at Ambient Temperature. (Dark area represent emulsion 
region) 
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Preparation of Self emulsifying drug 
delivery system (SEDDS) 

A series of self-emulsifying drug delivery systems 
(SEDDSs) were prepared by admixing the various 
ratios of surfactant (Labrafil M 1944CS and 
Tween20), co-surfactant (Labrafac PG), oil and 

polymer (Table 2). Then, 5mg griseofulvin was 
added to the mixture, shaked well and then kept 
this mixture at 40° C for 20minutes to solve the 
drug. Finally, two series of formula were obtained, 
which in both polymers were HPMC and 
Poloxamer, respectively [16]. 

Table 2. Different amount of compounds used in the SEDDS formulations of Griseofulvin. 

F
o

rm
u

la
ti

o
n

 N
o

. 

Factorial 
design 

condition 

labrafil (g) Labrafac (g)
S/C 

ratio 
S/O ratio Tween 20 P(g) 

Polymer
(g) 

1 + - + 2 0.2 13 0.26 0.6 HPMC (0.06) 
2 + - - 2 0.2 13 0.26 0.6 Poloxamer 

(0.06) 
3 + + + 5 0.43 13 0.56 0.6 HPMC (0.08) 
4 - - + 2 0.4 6.5 0.26 0.6 HPMC (0.06) 
5 - - - 2 0.4 6.5 0.26 0.6 Poloxamer 

(0.06) 
6 + + - 5 0.43 13 0.56 0.6 Poloxamer 

(0.08) 
7 - + + 5 0.86 6.5 0.56 0.6 HPMC (0.08) 
8 - + - 5 0.86 6.5 0.56 0.6 Poloxamer 

(0.08) 
Abbreviations: S, Surfactant; CS, Co-Surfactant; S/C ratio, Surfactant/ Co-Surfactant; S/O ratio, Surfactant/ Oil, 
oil amount ( 10 g), drug amount (5mg). 

Visual observation 

For evaluation of self-emulsification properties of 
different formulations, 1 ml of each formulation 
was added to 50 ml of 0.1N hydrochloric acid 
under persistent stirring (60 rpm) at 37°C. Then, 
tendency to emulsify spontaneously and also the 
progress of emulsion droplets were observed. The 
formulations were categorized as non – clear and  
clear. On the other hand, refractive metric indexes 
of various formulations were determined and  
compared with the 0.1 N hydrochloric acid. 

Griseofulvin assay 

The quantitative determination of drug released 
and permeated through the rat intestine was 
performed using UV spectroscopy at wavelengths 
of 285 nm. The validity of the assay method, 
including, repeatability, accuracy, linearity, and 
limit of quantification (LOQ) were calculated. 

Particle size analysis 

After diluting formulations (0.1 mL) in 10 mL of 
0.1 N hydrochloric acid solutions, the particle size 
of formulations was measured using particle size 
analyzer (Scatterscop 1 Qudix, South Korea). 
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In vitro drug release 

In-vitro drug release studies were carried out 
using vertical glass Franz diffusion cells( with an 
approximated effective diffusion area of 3.4618 
cm2) with a cellulose membrane were utilized to 
determine the release rate of griseofulvin from 
various SEDDS formulations. The cellulose 
(molecular weight 12000 G) membrane was first 
hydrated in the double distilled water solution at 
25°C for 24 hours. The membrane was then 
clamped between the donor and receptor 
chambers of the cells. Then, diffusion cell was 
filled with 22 mL of 0.1 N hydrochloric acid. The 
receptor medium was constantly stirred by 
externally driven magnetic bars at 100 rpm at 37 
± 0.5 °C throughout the study. The SEDDS 
formulation without drug was used as blank.    
Griseofulvin SEDDS samples (1 ml  and containing 
0.05mg drug ) were accurately weighed and 
placed on the membrane. At 0.5, 1, 2, 3, 4, 5, 6, 7, 8 
and 24 -hour time intervals, 2 mL sample was 
removed from receptor for spectrophotometric 
analysis and replaced immediately with an equal 
volume of fresh 0.1 N hydrochloric acid (similar to 
gastric fluid). Samples were determined by a UV 
visible spectrophotometer at 285 nm. The results 
were plotted as cumulative released drug percent 
versus time [17].   

Drug Permeability through the Rat 
Intestine  

Male wistar rats were sacrificed and the small 
intestine was excised and placed in the ice-cold 
bubbled (carbogen, 95:5 O2/CO2) ringer buffer( 

containing 7.2g NaCl ,0.17gCaCl2 and 0.37g KCl 
in 1 liter of distilled water  and adjust the pH to 
7.4 ).The jejunum 15-20 cm distal from the pyloric 
sphincter was removed and rinsed with ringer 
buffer. 1 ml of SEDDS containing 0.05mg/ml of 
griseofulvin was poured into the rat intestine and 
closed from both sides. Then tissue was kept in 
organ bath filled with 25 ml of phosphate buffer 
solution (PBS) pH 7.4  and it was continuously 
stirred during the experiments with continuous 
aeration for 4 hours at 37°C. At definite time 
intervals (0.5, 1, 2, 3and 4 h), 2ml sample was 
removed from media and then analyzed 
spectrophotometrically  292 nm for the drug 
content and  replaced immediately with an equal 
volume of fresh phosphate buffer solution (PBS) 
pH 7.4. The same test was performed for the 
saturated aqueous suspension of griseofulvin as a 
control and thus the amount of drugs passed 
between SEDDS sample and suspension was 
compared. Apparent permeability coefficient 
(Papp), Percentage permeated and permeability 
enhancement ratio were calculated with the 
equation 1 and 2.  

0.
1

CAdt
dQ

Papp  (1)

dQ/dt is steady state apparent rate on the 
acceptor side of the tissue. A is the area of the 
tissue (cm2) and C0 is the initial concentration of 
the drug in the donor phase . 

 control assolution  simple  theof Papp

nformulatio SEDDS  theof Papp
  ratiot enhancemen typermeabili (2) [7]

Statistical analysis 

In this study, an ANOVA test was used for 
statistical analysis of different formulations of the 
permeated drug through the intestine in 
comparison with the blank formula (Control) and 
also to compare the effect of SEDDS and 

suspension on the amount of the passed drug. 
Level of significance chosen in all stages of this 
research was less than 0.05. 
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Results and Discussion 

Validity of drug measurement method 

The correlation coefficient for the concentration- 
absorbance was r2 = 0.999, which means that 99.9 
% of the absorbance values are estimated by the 
concentration. Regression analysis showed a 
significant relationship between concentration 
and light absorbance (P = 0.003). In this study, the 
lack-of-fit, which appears in the estimated 
absorbance changes, was not significant (P = 
0.102. Accuracy of measurement indicated those 
concentrations that were close to the actual 
values. The results of this stage showed the 
desired repeatability of the measured method 
achieved within and between days. All the 
concentrations observed in this study were higher 
than the LOQ (0.000405 mg/mL). 

Droplet size 

The mean particle size of griseofulvin - Loaded 
SEDDS samples was in a range of 300 to 840 nm 
with poly-dispersibility less than 0.05.( Table 3) 
Multivariate regression was utilized for analyzing 
the correlation between independent variables 
and particle size of samples. The obtained results 
show that the correlation between mean particle 
size with surfactant to co-surfactant ratio (S/C) 
was significant (P =0.037). Herein, the correlation 
between the surfactant and co-surfactant with 
particle size was significant in such a way that the 
increased ratio makes a significant decrease in the 
mean particle size. Thus, the mean particle size 
indicates emulsion formation after adding SEDDS 
to water. 

Table 3. Polydispersity index (PDI) and particle size of SEDDS formulations prepared with HPMC and Poloxamer (mean 
± SD, n=3). 

Formulation No. Factorial design 
Condition 

Droplet Particle Size (nm) polydispersity index (PDI) 

1 + - + 720±65 0.31 ± 0.18 
2 + - - 534 ±42 0.48± 0.17 
3 + + + 597± 69 0.37± 0.10 
4 - - + 310± 25 0.47± 0.27 
5 - - - 834± 59 0.49± 0.21 
6 + + - 779± 82 0.44± 0.14 
7 - + + 824± 55 0. 42± 0.18
8 - + - 530 ±37 0.48 ± 0.19

Solubility and Visual Observation Study 

The strength of oil phase in drug solubility plays 
an essential role in the efficacy of SEDDS 
formulation. Solubility studies were performed to 
identify suitable oil that has the good solubilizing 
capacity for griseofulvin. Solubility in various oils 
is shown in Table 1. Among the used oils, the oleic 
acid and castor oil showed maximum and 
minimum solubility for griseofulvin, respectively. 
Oleic acid (HLB = 7) had more strength to solve 
griseofulvin than castor oil (HLB = 14). However, 
it seems that in the present study, by increasing 
oil-phase of HLB, the drug solubility did not 

increase. This finding was in agreement with the 
results presented by other people [18]. Therefore, 
oleic acid was used as oil phase in SEDDS 
griseofulvin formulations. On the other hand, 
surfactant used in preparing SEDDS formulations 
must have one important characteristic. It should 
be non-stimulating, the reason that non- ionic 
surfactant is used and has high HLB, is its ability to 
induce a rapid emulsion in the gastrointestinal 
tract. There are numerous potential mechanisms 
whereby SEDDS formulations may increase 
bioavailability, and especially in the case of 
Carvedilol solubility [19]. SEDDS formulation can 
produce oil in water emulsion after dilution in 
gastrointestinal fluids with mild agitation 
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provided by gastric mobility, which leads to a 
large interfacial area for drug partitioning 
between oil and water phases and an increase in 
solubility rate and the extent of absorption [20]. 
 Because the effect of SEDDS formulations 
depends on their strength in the emulsion 
formation post entering the gastrointestinal tract, 
so after the addition of the various formulation to 
0.1N hydrochloric acid the strength of emulsion 
formation was evaluated using both optical 
illusion method and refractive index (RI) as the 
criterion of being a transparent system (Table4). 
In the optical illusion method, after the increased 

0.1 N hydrochloric acid, formula was observed; 
Poloxamer formulations were translucent and 
anaphase, and HPMC formulations were milky and 
anaphase. Therefore, in the poloxamer and HPMC 
formulations, the emulsion has been generated 
and percentages of used oil, surfactant and co-
surfactant, HPMC and poloxamer did not affect the 
emulsion formation. 
 The closure of the formulations refractive index 
value of water and 0.1N hydrochloric acid is 
indicating the transparency property of the 
formulation being in the hydrochloric acid 
environment. 

Table 4. The Emulsion Formation Strength Using Optical Illusion Method and Refractive Index (RI) SEDDS 
Formulations (mean ± SD, n=3) 

Formulation 
No. 

Factorial design 
Condition 

Refractive index (RI) optical illusion 

1 + - + 0.2±0.007 Milky and anaphase 
2 + - - 0.17±0.005 translucent and anaphase 
3 + + + 0.14±0.009 Milky and anaphase 
4 - - + 0.01±0.001 milky and anaphase 
5 - - - 0.01±0.005 translucent and anaphase 
6 + + - 0.07±0.002 translucent and anaphase 
7 - + + 0.1±0.003 milky and anaphase 
8 - + - 0.04±0.002 translucent and anaphase 

After adding 0.1N hydrochloric acid, there was a 
significant difference between the factor RI for all 
formulations with water and 0.1N hydrochloric 
acid itself (Table 4). In other words, the phase 
behavior of SEDDS formulations and percentages 
of used oil, surfactant co-surfactant and water 
were established stable emulsion, but in the area 
outside the range stable emulsion has not been 
created (Figure 1). Furthermore, Labrafil (HLB = 
4) and Labrafac PG (HLB=2) were used
respectively as surfactant and co-surfactant. In the
SEDDS prepared after adding the formulation to
0.1N hydrochloric acid, established stable
emulsions and appearance of  HPMC formulations
No. 1, 3, 4 and 7 were milky and anaphase (Table
4). Poloxamer formulations (No.2, 5, 6 and8) were
translucent, and anaphase.
Therefore, in the poloxamer and HPMC
formulations, the emulsion has been generated
and percentages of used oil, surfactant and co-
surfactant and type of polymer did not affect the
emulsion formation; because the effect of SEDDS

formulations depends on their strength in the 
emulsion formation after entering the 
gastrointestinal tract, after the addition of the 
various formulations into 0.1 N hydrochloric acid 

in stomach media. 

In Vitro Drug Release 

The percentages of drug released after  2 and 24 
hours (R2 and R24) in the  SEEDS formulations 
were from 1.39 - 6.57 and 22.38 - 46.95,  
respectively (Table 5). As it can be observed, S/O 
ratio and polymer type had a significant effect on 
drug release after 2 hours. The results showed 
that an increase in S/O (p=0.013) ratio and using 
of Poloxamer as polymer (p=0.003), leads to an 
increase in R2. Poloxamer formulations have 
higher drug release percentage (R24) than HPMC 
formulations; also formulation No. 5 has 
maximum R24.  
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Release profile from SEDDS griseofulvin 
formulations shows a two-step process. First, a 
rapid release rate; secondly a slow release profile. 
The relationship between surfactant to Oil ratio 
(S/O) and surfactant to co-surfactant ratio (S/C) 
with R24 in the HPMC and poloxamer 
formulations was significant (p=0.003), in a way 

that the increase in S/O and S/C leads to an 
increase in R24. In this study, we illustrated that 
physicochemical properties and drug released 
depended upon the type of polymer٫ ratio of S/O 
and S/C in formulations.  

Table 5. Percent Drug Released from SEDDS Formulations (mean ± SD, n=3). 

Formulation 
No. 

Factorial design 
condition 

R2 R24 

1 + - + 2.34±0.37 23.34 ±1.37 
2 + - - 2.37±0.35 27.76 ±2.30 
3 + + + 5.24±0.69 43.94 ±2.57 
4 - - + 1.39±0.15 22.38 ±2.80 
5 - - - 2.18±0.2 25.47 ±1.48 
6 + + - 6.33±0.82 46.95 ±3.27 
7 - + + 5.11±0.41 34.72 ±3.10 
8 - + - 6.57±0.49 37.42 ±4.38 

Griseofulvin permeability through the Rat 
intestine 

The drug permeability through the rat intestine 
from different formulations is illustrated in table 6 
and figure 2. The percentage of drug permeability 
after four hours (Q4) was between 8.11-18.87%. 
The maximum percentage of drug permeability 
after four hours (Q4) was obtained at 18.87% 
(formulation No. 8) in poloxamer formulations. 
The enhancement ratio in the formulation No. 8 
was 3.05 times higher than those of saturated 
water solution of griseofulvin. The relationship 
between surfactant to oil ratio (S/O) with Q4 in 
the poloxamer and HPMC formulations was 
significant (P = 0.01) indicating that in relation to 
the increased S/O ratio, the Q4 has increased. No 
significant difference existed between S/C ratio 
and type of polymer with Q4 in the SEDDS 
formulations. Formulation No. 8 has the highest 
S/O ratio; therefore, it seems that the highest S/O 

ratio has an essential role in the rat intestine 
permeability. Figure 3 represents in vitro 
griseofulvin diffusion through the rat intestine 
from SEDDS formulations. Measurement of Papp 
and the enhancement ratio indicated that an 
increase in the permeability of griseofulvin from 
the SEDDS with the maximum amount of 3.25 that 
obtained by formulation No. 8. The drug percent 
permeability through the rat intestine from 
various SEDDS formulations and control in 
different times are shown in Table 6. The impact 
of different lipid based formulations of 
griseofulvin on in vitro solubilization and intestine 
ex-vivo permeability was investigated [21]Short 
chain triglyceride formulations caused enhanced 
permeation with doubled permeability coefficient. 
It seems that SEDDS that were applied in present 
study increased griseofulvin permeability 
coefficient more than lipophilic formulations. 
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Table 6. The griseofulvin Permeability through Rat Intestine from Different SEDDS Formulations and Control after 4 
hrs. (mean ± SD, n=5) 

Formulation 
No. 

Factorial design 
condition 

Q4 P app (cm/h) Permeability 
enhancement ratio

1 + - + 11.77± 1.53 0.08±0.005 2.27 
2 + - - 12.38± 1.35 0.084±0.006 2.4 
3 + + + 14.65± 1.59 0.093±0.005 2.65 
4 - - + 8.11 ± 0.75 0.063±0.003 1.8 
5 - - - 9.29 ± 0.88 0.072±0.004 2.06 

6 + + - 17.88± 1.47 0.104±0.002 2.97 
7 - + + 13.32±1.15 0.098±0.006 2.8 
8 - + - 18.87± 1.37 0.114±0.004 3.25 

SUSPENSION 6.19 ± 0.48 0.035±0.003 1 

Fig. 2. In Vitro Griseofulvin Diffusion through the Rat Intestine from SEDDS Formulations 

Conclusions 

Our results indicated that all SEDDS formulations 
could improve griseofulvin aqueous solubility, 
drug release and drug permeability through rat 
intestine. The amount of surfactant in 
formulations was critical factor. The maximum 
percentage of drug permeability after four hours 
(Q4) was obtained at 18.87% in poloxamer 
formulations. The maximum permeability 
enhancement ratio in SEDDS formulations was 
obtained 3.25 times higher than those of saturated 
water solution of griseofulvin. 
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