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ABSTRACT

The present work was aimed at formulating a SMEDDS (self-
microemulsifying drug delivery system) of fenofibrate and
evaluating its in vitro and in vivo potential. The solubility of
fenofibrate was determined in various vehicles. Pseudoternary
phase diagrams were used to evaluate the microemulsification
existence area, and the release rate of fenofibrate was investi-
gated using an in vitro dissolution test. SMEDDS formula-
tions were tested for microemulsifying properties, and the
resultant microemulsions were evaluated for clarity, precipita-
tion, and particle size distribution. Formulation development
and screening was done based on results obtained from phase
diagrams and characteristics of resultant microemulsions. The
optimized formulation for in vitro dissolution and pharmaco-
dynamic studies was composed of Labrafac CM10 (31.5%),
Tween 80 (47.3%), and polyethylene glycol 400 (12.7%). The
SMEDDS formulation showed complete release in 15 min-
utes as compared with the plain drug, which showed a limited
dissolution rate. Comparative pharmacodynamic evaluation
was investigated in terms of lipid-lowering efficacy, using a
Triton-induced hypercholesterolemia model in rats. The
SMEDDS formulation significantly reduced serum lipid lev-
els in phases I and II of the Triton test, as compared with plain
fenofibrate. The optimized formulation was then subjected to
stability studies as per International Conference on Harmoni-
zation (ICH) guidelines and was found to be stable over 12
months. Thus, the study confirmed that the SMEDDS formu-
lation can be used as a possible alternative to traditional oral
formulations of fenofibrate to improve its bioavailability.

KEYWORDS: Fenofibrate, SMEDDS, pseudoternary phase
diagrams, Triton-induced hyperlipidemia

INTRODUCTION

Lipid-based formulation approaches, particularly the self-
microemulsifying drug delivery system (SMEDDS), are
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well known for their potential as alternative strategies for
delivery of hydrophobic drugs,! which are associated with
poor water solubility and low oral bioavailability.2 SMEDDS
formulations are isotropic mixtures of an oil, a surfactant, a
cosurfactant (or solubilizer), and a drug. The basic principle
of this system is its ability to form fine oil-in-water (o/w)
microemulsions under gentle agitation following dilution by
aqueous phases (ie, the digestive motility of the stomach and
intestine provide the agitation required for self-emulsification
in vivo in the lumen of the gut).> This spontaneous forma-
tion of an emulsion in the gastrointestinal tract presents the
drug in a solubilized form, and the small size of the formed
droplet provides a large interfacial surface area for drug
absorption.® Apart from solubilization, the presence of lipid
in the formulation further helps improve bioavailability by
affecting the drug absorption.! Selection of a suitable self-
emulsifying formulation depends upon the assessment of
(1) the solubility of the drug in various components, (2) the
area of the self-emulsifying region as obtained in the phase
diagram, and (3) the droplet size distribution of the resultant
emulsion following self-emulsification.”

Fenofibrate is a lipid-regulating agent that has chemical,
pharmacological, and clinical similarities to the other fibrate
drugs, such as clofibrate and gemfibrozil.® Fenofibrate is a
Biopharmaceutical Classification System (BCS) Class II
drug with a high dose number.? Thus, it can be assumed
that the low oral bioavailability of fenofibrate is due to
its solubility and dissolution limitations.” Researchers
have tried various methods (eg, cyclodextrin complexation,
comicronization, solid dispersion) to overcome these
limitations.!0-12

Furthermore, it is reported that absorption of fenofibrate is
increased by ~35% when it is administered with food rather
than in a fasting state.®!3 Thus, formulating a lipid-based
system of fenofibrate can be viewed as an option for improv-
ing its oral bioavailability. Fenofibrate is available in vari-
ous doses (54 mg, 67 mg, 100 mg, 160 mg, and 200 mg); for
our study we selected 54 mg as the working dose to limit the
total formulation volume.

The main objectives of the study were to develop and evalu-
ate an optimal SMEDDS formulation containing fenofibrate
and to assess its pharmacodynamic effect in terms of lipid-
lowering potential.
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MATERIALS AND METHODS
Materials

Fenofibrate was obtained as a gift sample from Cipla Ltd
(Mumbeai, India). The following materials were donated by
Gattefosse (Mumbai, India) and were used as received:
Labrafac CM10 (Cg-C,, polyglycolized glycerides), Maisine
35-1 (glyceryl monolinoleate), Lauroglycol FCC (propylene
glycol laurate), Labrafil 1944 CS (apricot kernel oil poly-
ethylene glycol [PEG] 6 esters), and Labrafac PG (propylene
glycol caprylate/caprate). Cremophor RH 40 (polyoxyl 40
hydrogenated castor oil), Cremophor EL (polyethoxylated
castor oil), and Solutol HS 15 (polyoxyethylene esters of
12-hydroxystearic acid) were obtained from BASF (Mumbai).
Gelucire 44/14 (PEG-32 glyceryl laurate) and 50/13 (PEG-32
glyceryl palmistearate) were received from Colorcon Asia
(Mumbai). Span 20 (sorbitan monolaurate), Tween 80 (poly-
oxyethylene sorbitan monooleate), and PEG 400 were
bought from Merck (Mumbai, India). Deionized water was
prepared by a Milli-Q purification system from Millipore
(Molsheim, France). Acetonitrile and methanol used in the
present study were of high performance liquid chromatog-
raphy (HPLC) grade. All other chemicals were reagent grade.
Empty hard gelatin capsule shells were generously donated
by ACG Capsules (Mumbeai).

Animals

Male Holtzman rats (weighing approximately 250 £ 30 g)
were used for the comparative lipid-lowering studies. The
animals were maintained at a constant light (14L: 10D),
temperature (24°C-25°C), and humidity (60%) and were
supplied with food and water ad libitum. The animal require-
ment was approved by the Institute Animal Ethics Commit-
tee (IAEC), and all experiments were conducted as per the
norms of the Committee for the Purpose of Supervision of
Experiments on Animals, India.

Methods
Solubility Studies

The solubility of fenofibrate in various components (oils,
surfactants, and cosurfactants) was determined as follows:
500 mg of each of the selected vehicles was added to each
cap vial containing an excess of fenofibrate (1 g). After seal-
ing, the mixture was heated at 40°C in a water bath to facili-
tate the solubilization. Mixing of the systems was performed
using a vortex mixer. Formed suspensions were then shaken
with a shaker at 25°C for 48 hours. After reaching equilib-
rium, each vial was centrifuged at 3000 rpm for 5 minutes,
and excess insoluble fenofibrate was discarded by filtration
using a membrane filter (0.45 pm, 13 mm, Whatman, Mumbai,
India). The concentration of fenofibrate was then quantified
by HPLC.

Pseudoternary Phase Diagrams

Pseudoternary phase diagrams of oil, surfactant/cosurfactant
(S/CoS), and water were developed using the water titration
method. The mixtures of oil and S/CoS at certain weight
ratios were diluted with water in a dropwise manner. For
each phase diagram at a specific ratio of S/CoS (ie, 1:1, 2:1,
3:1, and 5:1 wt/wt), a transparent and homogenous mixture
of oil and S/CoS was formed by vortexing for 5 minutes.
Then each mixture was titrated with water and visually
observed for phase clarity and flowability. The concen-
tration of water at which turbidity-to-transparency and
transparency-to-turbidity transitions occurred was derived
from the weight measurements. These values were then
used to determine the boundaries of the microemulsion
domain corresponding to the chosen value of oils, as
well as the S/CoS mixing ratio. To determine the effect
of drug addition on the microemulsion boundary, phase
diagrams were also constructed in the presence of drug
using drug-enriched oil as the hydrophobic component. Phase
diagrams were then constructed using Tri plot v1-4 software
(David Graham and Nicholas Midgley, Loughborough,
Leicestershire, UK).

Preparation of SMEDDS Formulations

A series of SMEDDS formulations were prepared using
Tween 80 and PEG 400 as the S/CoS combination and
Labrafac CM10 as the oil (Table 1). In all the formulations,
the level of fenofibrate was kept constant (ie, 8.5% wt/wt of
the total formulation weight). Briefly, accurately weighed
fenofibrate was placed in a glass vial, and oil, surfactant,
and cosurfactant were added. Then the components were
mixed by gentle stirring and vortex mixing and were heated
at 40°C on a magnetic stirrer, until fenofibrate was perfectly
dissolved. The mixture was stored at room temperature until
further use.

Freeze Thawing

Freeze thawing was employed to evaluate the stability of
formulations. The formulations were subjected to 3 to 4
freeze-thaw cycles, which included freezing at —4°C for 24
hours followed by thawing at 40°C for 24 hours. Centrifu-
gation was performed at 3000 rpm for 5 minutes. The for-
mulations were then observed for phase separation. Only
formulations that were stable to phase separation were
selected for further studies.

Emulsion Droplet Size Analysis

One hundred microliters of each SMEDDS formulation was
diluted to 250 mL in a beaker and gently mixed using a glass
rod. The resultant emulsion was then subjected to particle
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Table 1. Developed Formulations With Their Compositions*

Components

(% wt/wt) Batch A Batch B Batch C Batch D Batch E Batch F Batch G Batch H
Fenofibrate 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
Labrafac CM10 28.5 29.5 30.5 31.5 325 31.5 31.5 31.5
S/CoS ratio 3:1 3:1 3:1 3:1 3.2:1 3.5:1 3.7:1
Tween 80 47.25 46.50 45.75 45.00 44.25 45.71 46.67 47.30
PEG 400 15.75 15.50 15.25 15.00 14.75 14.29 13.33 12.70

*S/CoS indicates surfactant/cosurfactant; PEG, polyethylene glycol.

size analysis (using Malvern Mastersizer (Worchestershire,
UK) equipped with 2000 Hydro MU) with a particle size
measurement range of 0.02 to 2000 pm. Particle size was
calculated from the volume size distribution. All studies
were repeated in triplicate, with good agreement being
found between measurements.

Self-Emulsification and Precipitation Assessment

Evaluation of the self-emulsifying properties of SMEDDS
formulations was performed by visual assessment as previ-
ously reported.!* In brief, different compositions were cate-
gorized on speed of emulsification, clarity, and apparent
stability of the resultant emulsion. Visual assessment was
performed by dropwise addition of the preconcentrate
(SMEDDS) into 250 mL of distilled water. This was done in
a glass beaker at room temperature, and the contents were
gently stirred magnetically at ~100 rpm.

Precipitation was evaluated by visual inspection of the
resultant emulsion after 24 hours. The formulations were
then categorized as clear (transparent or transparent with
bluish tinge), nonclear (turbid), stable (no precipitation at
the end of 24 hours), or unstable (showing precipitation
within 24 hours).

In Vitro Dissolution Studies

The quantitative in vitro release test was performed in 900
mL of buffer pH 1.2 using US Pharmacopeia XXIV dissolu-
tion apparatus 2. The paddles were rotated at 100 rpm. The
SMEDDS formulations were put into hard gelatin capsules
(0 sizes) and used for drug release studies; results were com-
pared with those of plain fenofibrate. During the release
studies, a 5-mL sample of medium was taken out and sub-
jected to drug analysis using HPLC. The removed volume
was replaced each time with 5 mL of fresh medium. For
determination of the in vitro dissolution of plain fenofibrate,
the medium was changed to buffer pH 1.2 containing Tween
80 (equivalent to the amount used in the formulation). Dis-
solution studies were also performed in other media (buffer
pH 4.5 and 7.2) to examine the effect of pH on drug release.

HPLC Analysis of Fenofibrate

The concentration of fenofibrate in the samples was determined
by HPLC analysis. The HPLC analysis system consisted of
a Jasco PU 980 Intelligent Pump and Jasco MD-2015 Plus
Multi-Wavelength Detector (Tokyo, Japan). The chromato-
graphic column was a C-18 Lichrosphere 10RP-18e (5 um)
4.6 mm % 250 mm (Merck). The chromatographic conditions
were mobile phase acetonitrile:water (80:20% vol/vol);
flow rate 1 mL/min; loop size 100 pL; detection at 289 nm;
and retention time 7.5 = 0.5 minutes.

Lipid-Lowering Studies

Male Holtzman rats (weighing 250230 g) were used for the
study. They were kept in air-conditioned rooms (24°C-25°C)
with constant humidity. The rats were caged and allowed
water and food ad libitum before they were distributed by
weight into experimental groups. The rats fasted overnight
and were then intraperitoneally injected with 250 mg/kg Tri-
ton WR 1339 (Tyloxapol, Sigma Chemical Co, St. Louis,
MO) dissolved in 0.9 percent saline. Control groups of rats
were given the vehicle (plain saline), and experimental groups
were given plain fenofibrate (9 mg/kg body weight) or the
SMEDDS formulation (equivalent to 9 mg/kg fenofibrate).
Without anesthesia and by restraining rats by hand, the oral
dosing was performed by intubation using an 18-gauge feed-
ing needle (the volume to be fed was 1.0 mL in all cases). To
study the effect of formulation components on lipid lowering,
1 more group was included; this group was fed a placebo
formulation. Blood samples were drawn at 0 hours, 24 hours,
and 48 hours. Serum was separated by centrifugation at
10 000 g and used for biochemical analysis. Serum choles-
terol and triglycerides were estimated in normal, control, and
drug-treated groups by reported methods.!>-1® Low-density
lipoprotein (LDL) levels were estimated using the Friedwal
formula. Statistical analysis of the collected data was per-
formed using 1-way analysis of variance.

Stability Studies

The SMEDDS formulations were put into empty hard gela-
tin capsules (size 0) and subjected to stability studies at
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Figure 1. Solubility of fenofibrate in various components. PEG
indicates polyethylene glycol.

25°C/60% relative humidity (RH), 30°C/65% RH, and
40°C/75% RH. Samples were charged in stability chambers
(Thermolab, Mumbai, India) with humidity and tempera-
ture control. They were withdrawn at specified intervals for
analysis over a period of 6 months for intermediate and
accelerated conditions and 12 months for long-term condi-
tions. Drug content of the capsules was analyzed using a
previously developed and validated stability-indicating
HPLC method.

RESULTS AND DISCUSSION
Solubility Studies

One important consideration when formulating a self-
emulsifying formulation is avoiding precipitation of the drug
on dilution in the gut lumen in vivo.! Therefore, the compo-

S/CoS, S/CoS,

Water Qi Water
S/CoS S/CoS
Water Ol Water

Flgure 2. Pseudoternary phase diagram of system with the
following components: oil = Labrafac CM 10, surfactant =
Tween 80, and cosurfactant = polyethylene glycol 400. S/CoS
ratio of Ais 1:1, Bis 2:1, Cis 3:1, and D is 5:1. S/CoS indicates
surfactant/cosurfactant.

nents used in the system should have high solubilization
capacity for the drug, ensuring the solubilization of the drug
in the resultant dispersion. Results from solubility studies
are reported in Figure 1. As seen from the figure, Maisine
35-1 and Labrafac CM10 showed the highest solubilization
capacity for fenofibrate, followed by Tween 80 and PEG 400.
Thus, for our study we selected Maisine 35-1 and Labrafac
CMI10 as oils and Tween 80 and PEG 400 as surfactant and
cosurfactant, respectively.

Pseudoternary Phase Diagrams

Self-microemulsifying systems form fine oil-water emul-
sions with only gentle agitation, upon their introduction into
aqueous media. Surfactant and cosurfactant get preferen-
tially adsorbed at the interface, reducing the interfacial
energy as well as providing a mechanical barrier to coales-
cence. The decrease in the free energy required for the emul-
sion formation consequently improves the thermodynamic
stability of the microemulsion formulation.!”-!8 Therefore,
the selection of oil and surfactant, and the mixing ratio of oil
to S/CoS, play an important role in the formation of the
microemulsion.

In the present study both Maisine 35-1 and Labratac CM10
were tested for phase behavior studies with Tween 80 and
PEG 400 as the S/CoS mixture. As seen from the ternary
plot (Figures 2 and 3), Labrafac CM 10 gave a wider micro-
emulsion region than did Maisine 35-1 at all S/CoS ratios.
Thus, Labrafac CM 10 was selected as the preferred vehicle
for the optimized formulation. The microemulsion existence

S/CoS S/CoS

Water  Oil Water
S/CoS S/CoS
Water Oil Water

Flgure 3. Pseudoternary phase diagram of system with the
following components: oil = Maisine 35-1, surfactant = Tween
80, and cosurfactant = polyethylene glycol 400. S/CoS ratio
of Ais 1:1,Bis 2:1, Cis 3:1, and D is 5:1. S/CoS indicates
surfactant/cosurfactant.
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Flgure 4. Pseudoternary phase diagram of system with the
following components: oil = drug-enriched Labrafac CM10,
surfactant = Tween 80, and cosurfactant = polyethylene glycol
400. S/CoS ratio of Ais 1:1, Bis 2:1, Cis 3:1, and D is 5:1.
S/CoS indicates surfactant/cosurfactant.

area increased as the S/CoS ratio increased. However, it was
observed that increasing the surfactant ratio resulted in a
loss of flowability. Thus, an S/CoS ratio between 3:1 and
4:1 was selected for the formulation study.

PEG 400 is reported to be incompatible with hard gelatin
capsules when used in high concentrations.!® Thus, while
optimizing the S/CoS ratio, we tried to keep the concentra-
tion of PEG 400 as low as possible (<15% wt/wt of total
formulation), as we had a final aim of putting the SMEDDS
formulations into liquid-filled hard gelatin capsules. Figure
4 shows phase diagrams in the presence of the drug. As
seen from the figure, the inclusion of drug narrowed the
microemulsion existence area, because inclusion of the
drug in the lipid phase led to expansion of the lipid phase
and consequently a need for a higher S/CoS ratio for
stabilization.

Table 2. Evaluation Parameters of Various Formulations

Droplet Size Analysis

The droplet size distribution of various formulations is
given in Table 2. An increase in the ratio of the oil phase
(Labrafac CM10) resulted in a proportional increase in
particle size, because of the simultaneous decrease in the
S/CoS proportion. Increasing the S/CoS ratio led to a
decrease in mean droplet size. Batch H, with the highest
proportion of surfactant (47.3% wt/wt Tween 80) at a fixed
amount of oil (31.5% wt/wt), had the lowest mean particle
diameter. This could be attributed to an increased surfactant
proportion relative to cosurfactant. It is well known that the
addition of surfactants to the microemulsion systems causes
the interfacial film to stabilize and condense, while the addi-
tion of cosurfactant causes the film to expand; thus, the rela-
tive proportion of surfactant to cosurfactant has varied
effects on the droplet size.20-21

Self-Emulsification and Precipitation Studies

The results of self-emulsification and precipitation studies
are given in Table 2. It was seen that an increase in the pro-
portion of Labrafac CM10 in the composition resulted in
decreasing self-emulsification time up to a concentration
of 31.5% wt/wt, beyond which it resulted in generation of
nonclear dispersion. The decrease in self-emulsification
time can be assumed to be due the relative decrease in sur-
factant concentration, leading to decreased viscosity of the
formulation. The S/CoS ratio of 3:1 was kept constant for
the initial formulation study. However, it was found that the
resultant dispersion showed precipitation and thus was not
stable, because of the presence of PEG 400. PEG 400 can be
assumed to act as a cosolvent for fenofibrate (as seen from
solubility studies), and thus it increases the solubilization
capacity of the vehicle (Labrafac CM10). However, when
the preconcentrate (SMEDDS) is dispersed in water, PEG
400, being water-soluble, is anticipated to enter the water
phase and redistribute mainly between the water phase and
the emulsion-water interface, resulting in a loss of solvent
capacity of the vehicle. A similar observation was reported

Particle Size Distribution (um)

Dispersion
Formulations D (0.1) D (0.5) D (0.9) Time (secs) Clarity Precipitation
A 0.113 0.156 0.209 98+5 Clear Unstable
B 0.124 0.167 0.217 78+3 Clear Unstable
C 0.128 0.175 0.226 67+2 Clear Unstable
D 0.133 0.180 0.249 51+3 Clear Unstable
E 0.159 0.201 0.357 55+4 Nonclear e
F 0.131 0.179 0.242 52+1 Clear Unstable
G 0.129 0.171 0.239 59+4 Clear Unstable
H 0.119 0.161 0.229 58+2 Clear Stable
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Figure 5. Comparative results of drug release from plain
fenofibrate and the SMEDDS formulation in different dissolution
media; n = 6 and range of variability = 1% to 3%. FEN indicates
plain fenofibrate; SMEDDS, self-microemulsifying drug
delivery system.

for a composition containing ethanol as the cosolvent.22-23
Thus, the problem of precipitation was solved by increasing
the surfactant proportion (S/CoS [3.7:1]) in the system.

In Vitro Dissolution Studies

Drug release from the SMEDDS formulation (Batch H) was
found to be significantly higher as compared with that of
plain fenofibrate (Figure 5). It could be suggested that the
SMEDDS formulation resulted in spontaneous formation of
a microemulsion with a small droplet size, which permitted a
faster rate of drug release into the aqueous phase, much faster

than that of plain fenofibrate. Thus, this greater availability
of dissolved fenofibrate from the SMEDDS formulation
could lead to higher absorption and higher oral bioavailabil-
ity. It was also seen that changes in the dissolution medium
(buffer pH 1.2,4.5, and 7.2) had no effect on the drug release
from either plain fenofibrate or the SMEDDS formulation
(Figure 5). This observation can be explained by the fact
that fenofibrate has no ionizable group and thus its solubil-
ity and dissolution is pH-independent.

Lipid-Lowering Studies

The study was performed to evaluate the pharmacodynamic
potential of a developed formulation (Batch H) against plain
fenofibrate using a Triton-induced hyperlipidemia model.
Triton is a nonionic surfactant that induces hyperlipidemia
by inhibiting peripheral lipoprotein lipase enzymes respon-
sible for removal of lipid particles from the body.2* The
administration of Triton leads to transient elevation of lipid
levels, which reach a peak at 18 to 24 hours after adminis-
tration (phase I) and start to lower again the following day
(phase IT).2425 This experimental model has been previously
used for screening the activity of the antilipidemic agent
benzafibrate (a fibric acid derivative).2¢ Thus, for our present
study this method was used to evaluate the lipid-lowering
activity of the developed formulation. The precise mecha-
nism by which fenofibrate exerts its antihyperlipidemic
effect has not been clearly established. However, it has

Table 3. Effect of Treatment on Serum Lipids in Phase I and Phase II of Triton Test*

Phase I
Treatment Cholesterol Cholesterol Triglycerides Triglycerides LDL LDL
Group (n =6) (mg/dL) (% inh) (mg/mL) (% inh) (mg/mL) (% inh)
Basal 59.1+124 — 55.6+£9.8 — 351104 —
Triton 167+12.3 — 217+25.5 — 173 £9.1 —
Placebo 163 £ 11.7 — 224 £22.1 — 178 £8.6 —
Plain drug 101 £4.57 55.2 110 £9.1F 61.5 86.6 £ 3.2} 57.5
SMEDDS 64.9 £5.3% 92.9 71.2£8.2§ 923 40.3 £5.0% 933

Phase I1
Treatment Cholesterol Cholesterol Triglycerides Triglycerides LDL LDL
Group (n=6) (mg/dL) (% inh) (mg/mL) (% inh) (mg/mL) (% inh)
Basal 55.2+£10.1 — 56.2 £ 10.1 — 299+9.2 —
Triton 105+4.3 — 119+ 4.1 — 932152 —
Placebo 107 +7.1 — 117+£3.0 — 96.8 £4.7 —
Plain drug 80.1 £2.8% 40.8 71.5 £ 4.67 62.2 58.3 £2.8% 57.4
SMEDDS 57.5+7.2% 98.8 62.5+7.2% 94.4 30.2+6.2% 100

*Data presented as mean + SD. Statistically significant difference between treated group and control group. LDL indicates low-density lipoprotein;

SMEDDS, self-microemulsifying drug delivery system.
P <.05.

iP<.01.

§P <.001.
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been reported that fenofibric acid, the active metabolite of
fenofibrate, lowers plasma lipids apparently by inhibiting syn-
thesis and also by stimulating the catabolism of triglyceride-
rich lipoproteins. It was observed that fenofibrate and its
formulation were found to affect the serum lipid level in
both phase I and phase II.

Table 3 gives the effect of treatments on serum lipid levels
in phase I (24 hours). Fenofibrate produced a fall in serum
cholesterol (55.18% inhibition), triglyceride (61.49% inhi-
bition), and LDL (57.54% inhibition). The SMEDDS for-
mulation, as expected, performed better than fenofibrate,
resulting in a significant reduction of serum cholesterol
(92.89% inhibition), triglycerides (92.32% inhibition), and
LDL levels (93.29% inhibition).

It has been reported that there is a natural tapering in choles-
terol and triglyceride values in phase II of the Triton test.
However, this normal clearance of serum lipid in phase II of
the Triton test can also be triggered by the presence of a
drug in the circulation.?¢ Fenofibrate is known to have a
longer stay in the blood circulation, as it has a biological
half-life of 20 hours.2” Thus, a longer duration of action is
guaranteed provided that there is an optimal initial plasma
drug level, which is generally determined by the bioavailability
of the drug. We also evaluated the effect of fenofibrate and

the SMEDDS formulation in phase II of the Triton test. As
seen from Table 3, plain fenofibrate lowered cholesterol
(40.84% inhibition), triglyceride (62.24% inhibition), and LDL
(57.40% inhibition). The SMEDDS formulation resulted in
a greater reduction of cholesterol (98.84% inhibition), tri-
glyceride (94.36% inhibition), and LDL (100% inhibition).
Thus, the higher lipid-lowering activity of the SMEDDS
formulation in both phase I and phase II of the Triton test
can be explained by the fact that the SMEDDS formulation
resulted in complete dissolution of fenofibrate, which could
have increased absorption and thereby led to a higher plasma
drug concentration (higher bioavailability). The low bio-
availability of fenofibrate is attributed to its poor aqueous
solubility. The above difference in pharmacodynamic activ-
ity and the results from in vitro dissolution studies thus sug-
gest that the SMEDDS formulation resulted in higher oral
bioavailability owing to higher solubilization of fenofibrate
from the SMEDDS formulation as compared with plain
fenofibrate.

Stability Studies

Generally, SMEDDS formulations are put into hard gelatin
capsules as the final dosage form. However, liquid-filled
hard gelatin capsules are susceptible to leakage, and the

Table 4. Evaluation Data of SMEDDS Formulation Subjected to Stability Studies (n = 10)*

(A) 25°C/60% RH
Weight Variation Disintegration Time Particle Size
Sampling Point (mg) (mins) % Drug Content D (0.9) pm t90% (mins)
0 days 624 + 4 39+1.1 101.5+£0.7 0.251 <15
3 months 634 +4 42+09 99.9+2.7 0.248 <15
6 months 632+5 47+£13 98.8 £3.1 0.264 <15
9 months 637+4 42+0.5 97.7+3.7 0.242 <15
12 months 639+2 42+12 96.6 £ 0.8 0.254 <15
(B) 30°C/65% RH
Weight Variation Disintegration Time Particle Size
Sampling Point (mg) (mins) % Drug Content D (0.9) pm t90% (mins)
0 days 624 +4 39+1.1 101.5+0.7 0.251 <15
3 months 637+4 43423 96.6 +3.1 0.238 <15
6 months 634+3 42402 964+ 1.4 0.240 <15
(C) 40°C/75% RH
Weight Variation Disintegration Time Particle Size
Sampling Point (mg) (mins) % Drug Content D (0.9) pm t90% (mins)
0 days 624 + 4 39+1.1 101.5+0.7 0.251 <15
3 months 639+3 41+29 96.6 + 3.0 0.241 <15
6 months 640+ 5 41£02 96.2+0.4 0.233 <15

*SMEDDS indicates self-microemulsifying drug delivery system; RH, relative humidity; t90% = time taken for 90% drug release.
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entire system has a very limited shelf life owing to its liquid
characteristics and the possibility of precipitation of the
drug from the system. Thus, the developed formulation was
subjected to stability studies to evaluate its stability and the
integrity of the dosage form.

Table 4 gives the results of the evaluation test conducted on
stability samples. The formulation was found to be stable
for 6 months at intermediate and accelerated conditions and
12 months at long-term conditions. There was no significant
change in the drug content, drug release (t90%), or particle
size of the resultant emulsion. It was also seen that the for-
mulation was compatible with the hard gelatin capsule shells,
as there was no sign of capsule shell deformation. There
were also no significant changes in the appearance, disinte-
gration time, or microemulsifying property. Furthermore,
the formulation was found to show no phase separation,
drug precipitation, or capsule leaks. Thus, these studies con-
firmed the stability of the developed formulation and its
compatibility with hard gelatin capsules.

CONCLUSIONS

An optimized SMEDDS formulation consisting of Labrafac
CM10 (31.5% wt/wt), Tween 80 (47.3% wt/wt), PEG 400
(12.7% wt/wt), and fenofibrate (8.5% wt/wt) was success-
fully developed with an increased dissolution rate, increased
solubility, and, ultimately, increased bioavailability of a
poorly water-soluble drug, fenofibrate. The developed for-
mulation showed higher pharmacodynamic potential as
compared with plain fenofibrate. Results from stability stud-
ies confirmed the stability of the developed formulation.
Thus, our study confirmed that the SMEDDS formulation
can be used as a possible alternative to traditional oral for-
mulations of fenofibrate to improve its bioavailability.
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