W
B

1JPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug. 2026, pp:683-697 www.ijprajournal.com

"Characterization Of Thermal Fraction of Clarified Butter and
Evaluation of Piperine-Mediated Enhancement of Oral
Bioavailability of Fenofibrate'

(1} *Mr. Ashirwad Lonare 2! Dr. Suhas Narayan Sakarkar B! Dr. Sachin Dudhe

Department of Pharmaceutics, faculty of pharmacy
MResearch scholar at Maharashtra Institute of Pharmacy, Betala, Bramhapuri, Chandrapur
R Professor at Maharashtra Institute of Pharmacy, Betala, Bramhapuri, Chandrapur
BlProfessor and principal at Maharashtra Institute of Pharmacy, Betala, Bramhapuri, Chandrapur
*Corresponding author

Date of Submission: 12-07-2026

Date of Acceptance: 24-07-2026

ABSTRACT

Background Fenofibrate is a Biopharmaceutical
Classification System (BCS) Class 11 drug with
poor aqueous solubility and low oral bioavailability,
resulting in limited therapeutic effectiveness. Lipid-
based nanoemulsions combined with natural
bioenhancers offer a promising strategy to
overcome these limitations.

ObjectiveTo characterize the thermal fraction of
clarified butter and evaluate the effect of piperine
on enhancing the oral bioavailability of fenofibrate
using a lipid nanoemulsion system.

Materials and Methods The thermal fraction of
clarified butter was prepared and characterized
using FTIR, DSC, GC-MS, and physicochemical
analyses. Fenofibrate-loaded lipid nanoemulsions
containing piperine were prepared by high-speed
homogenization followed by probe ultrasonication.
The formulations were evaluated for particle size,
polydispersity index (PDI), zeta potential, drug
content, entrapment efficiency, viscosity, in vitro
drug release, stability, and pharmacokinetic
performance.

Results Among all formulations, F6 was identified
as the optimized formulation, exhibiting a particle
size of 112.4 £ 4.6 nm, PDI of 0.186 + 0.01, zeta
potential of —36.4 =+ 1.3 mV, drug content of 99.8
+ 0.6%, and entrapment efficiency of 96.8 +
1.2%. The optimized formulation achieved 99.8 +
3.9% cumulative drug release within 120 min
and remained stable for 3 months under storage
conditions. Pharmacokinetic studies demonstrated a
Cmax of 15.84 £ 0.76 pg/mL, AUCo—0 of 143.5 +
6.2 pg-h/mL, and a 3.09-fold increase in relative
oral bioavailability (308.6%) compared with the
pure drug.

Conclusion The thermal fraction of clarified butter
proved to be an effective natural lipid carrier for the
development of a stable fenofibrate-loaded

nanoemulsion. The incorporation of piperine
significantly enhanced oral drug absorption,
resulting in  improved  dissolution  and
bioavailability. The developed lipid nanoemulsion
represents a promising natural lipid-based delivery
system for poorly water-soluble drugs.

Keywords Fenofibrate; Clarified Butter; Thermal
Fraction; Piperine; Lipid Nanoemulsion; Oral
Bioavailability; Natural Lipid Carrier; Drug
Delivery System.

I. INTRODUCTION

Oral drug delivery remains the most
widely accepted and preferred route of drug
administration ~ because of its  simplicity,
convenience, high patient compliance, and cost-
effectiveness. It is particularly suitable for the long-
term management of chronic diseases, where
repeated dosing is required. Despite these
advantages, the oral delivery of many therapeutic
agents is often limited by poor aqueous solubility,
low  dissolution rate, extensive first-pass
metabolism, and  variable  gastrointestinal
absorption. These limitations result in reduced oral
bioavailability, inconsistent therapeutic responses,
and the need for higher drug doses. Consequently,
improving the oral absorption of poorly water-
soluble drugs has become one of the major priorities
in pharmaceutical formulation research. Various
strategies, including particle size reduction, solid
dispersions, cyclodextrin complexation,
nanotechnology, lipid-based drug delivery systems,
and natural bioenhancers, have been investigated to
address these challenges.

Fenofibrate is a commonly prescribed
antihyperlipidemic drug that belongs to the
Biopharmaceutical Classification System (BCS)
Class II category, exhibiting low aqueous solubility
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but high membrane permeability. Since its
absorption is largely dissolution-rate limited, poor
solubility often leads to reduced and variable oral
bioavailability. Recent research has therefore
focused on developing advanced formulation
approaches capable of enhancing fenofibrate
dissolution and improving its systemic absorption.
Among these approaches, lipid-based drug delivery
systems have demonstrated considerable potential
due to their ability to improve drug solubilization,
promote intestinal absorption, and facilitate
lymphatic transport, thereby reducing first-pass
metabolism.

Natural lipids have attracted increasing
interest as pharmaceutical excipients because of
their excellent biocompatibility, biodegradability,
and safety. Clarified butter (ghee), a traditional
dairy-derived lipid, contains a complex mixture of
saturated and unsaturated fatty acids that may serve
as effective carriers for lipophilic drugs.
Furthermore, thermal fractionation of clarified
butter produces lipid fractions with altered
physicochemical properties that may enhance drug
dissolution and improve oral absorption. Alongside
lipid carriers, natural bioenhancers such as piperine
have gained considerable attention because of their
ability to inhibit drug-metabolizing enzymes and
intestinal efflux transporters, thereby increasing
systemic drug exposure.

This  research focuses on  the
pharmaceutical potential of combining the thermal
fraction of clarified butter with piperine as a novel
strategy for improving the oral bioavailability of
fenofibrate. = The  study  investigates  the
characterization of the thermal lipid fraction, its
suitability as a natural drug carrier, and the
contribution of piperine to enhanced drug
absorption. Such an approach may provide a safe,

improving the therapeutic performance of poorly
water-soluble drugs.
1.1 Background

Poor aqueous solubility continues to be one
of the most significant barriers to successful oral
drug delivery. A large proportion of newly
developed drug molecules possess low water
solubility, resulting in slow dissolution within
gastrointestinal fluids and consequently poor
systemic absorption. Since oral administration
remains the preferred route for most pharmaceutical
products, improving the bioavailability of these
compounds has become an important objective in
formulation development. Fenofibrate is a
representative example of a poorly soluble drug
whose clinical performance is limited by inadequate
dissolution and variable gastrointestinal absorption.
Therefore, innovative formulation strategies capable
of enhancing its oral bioavailability are required to
achieve consistent therapeutic outcomes.

1.2 Fenofibrate and Its Limitations

Fenofibrate is a fibric acid derivative widely
used in the management of hypertriglyceridemia,
mixed dyslipidemia, and cardiovascular risk
associated with abnormal lipid metabolism. It acts
as an agonist of peroxisome proliferator-activated
receptor-alpha (PPAR-a), promoting fatty acid
oxidation and reducing plasma triglyceride levels
while  increasing  high-density  lipoprotein
cholesterol. Despite its proven clinical efficacy,
fenofibrate exhibits very poor aqueous solubility,
which limits its dissolution in gastrointestinal fluids
and results in low and variable oral bioavailability.
As a BCS Class II drug, its absorption is primarily
governed by the rate of dissolution rather than
membrane permeability. Consequently, improving
its solubility and dissolution characteristics is

economical, and sustainable alternative for essential for maximizing its therapeutic
effectiveness.
Table 1: Fenofibrate — Pharmacology and Therapeutic Applications
Parameter Description
Drug Name Fenofibrate
Drug Class Fibric Acid Derivative
Mechanism of Action |PPAR-o Agonist
Therapeutic Use Hyperlipidemia and Hypertriglyceridemia
Effect on Lipids Decreases TG and LDL, increases HDL
Route of Administration | Oral
Bioavailability Issue Poor water solubility
Major Adverse Effects |Gastrointestinal disturbances, myopathy
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Parameter

Description

Clinical Importance

Prevention of cardiovascular complications

00

Figure 1: fenofibrate structure

1.3 Clarified Butter as a Natural Lipid Carrier
Clarified butter, commonly known as ghee,
is a natural lipid material obtained by removing
moisture and milk solids from butter. It contains a
balanced mixture of saturated and unsaturated fatty
acids, triglycerides, phospholipids, and fat-soluble

vitamins that contribute to its excellent stability and
biocompatibility. In recent years, naturally derived
lipids have attracted considerable attention as
pharmaceutical excipients because they are
biodegradable, non-toxic, and generally recognized
as safe.

Thermal fractionation of clarified butter
further modifies its lipid composition, producing
fractions ~ with  improved  physicochemical
characteristics that may enhance the solubilization
and intestinal absorption of poorly water-soluble

Figure 2: Cfariﬁed Butter

drugs. Owing to these properties, the thermal
fraction of clarified butter has emerged as a
promising natural lipid carrier for oral drug
delivery.

Table 2: Clarified Butter as a Natural Lipid Carrier

Parameter Description
Source Clarified Butter (Ghee)
Nature Natural lipid carrier

Major Components

Triglycerides, fatty acids, phospholipids

Function

Solubilizes lipophilic drugs
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Parameter

Description

Advantages

Biocompatible, biodegradable, economical

Role in Formulation

Enhances drug dissolution and absorption

Pharmaceutical Potential

Suitable for lipid-based oral drug delivery systems

Example Drug

Fenofibrate

1.4 Piperine as a Natural Bioenhancer

Piperine is the principal alkaloid present in
black pepper (Piper nigrum) and long pepper (Piper
longum). It has been extensively investigated as a
natural bioenhancer because of its ability to
improve the oral absorption of various therapeutic
agents. Piperine enhances bioavailability through
multiple mechanisms, including
cytochrome P450 enzymes, suppression of P-
glycoprotein-mediated drug efflux, increased

gBolise<o

inhibition of

O

intestinal membrane permeability, and improved
gastrointestinal blood flow. These combined effects
reduce presystemic drug metabolism and increase
the amount of drug reaching systemic circulation.
Due to its natural origin, favorable safety profile,
and broad-spectrum bioenhancing activity, piperine
has become an attractive component in modern
pharmaceutical formulations designed to improve
the oral delivery of poorly soluble drugs such as
fenofibrate.

\\

N
S
Piperine

Figure 3: piperine

1.5 Research Gap

Although several formulation strategies
have been investigated to improve the oral
bioavailability of fenofibrate, most studies have
focused on synthetic lipid carriers, surfactant-based
systems, or polymeric nanocarriers. Limited
research has explored the pharmaceutical
application of the thermal fraction of clarified butter
as a natural lipid carrier, particularly in combination
with piperine as a bioavailability enhancer.
Furthermore, comprehensive characterization of the
thermal lipid fraction and its influence on drug
solubilization, release behavior, and absorption has
not been extensively reported. The synergistic
potential of combining a naturally derived lipid
carrier with a well-established bioenhancer also
remains inadequately investigated. Therefore, the

present study aims to bridge this gap by
characterizing the thermal fraction of clarified
butter and evaluating the effect of piperine on
enhancing the oral bioavailability of fenofibrate,
thereby providing scientific evidence for the
development of safe, natural, and effective oral drug
delivery systems.

II. MATERIALS AND METHODS

2.1 Materials

Fenofibrate was obtained as a gift sample
from a pharmaceutical manufacturer and was used
as the model drug throughout the study. Fresh
clarified butter (ghee) of pharmaceutical grade was
procured from a certified dairy source and served as
the natural lipid carrier. Piperine (>98% purity) was
purchased from a reputable chemical supplier and
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used as a natural bioavailability enhancer. All
materials were stored wunder recommended
conditions until further use.

2.2 Chemicals and Reagents

Analytical reagent (AR) grade chemicals
and HPLC-grade solvents were used throughout the
study. Methanol, ethanol, n-hexane, chloroform,
and acetone were obtained from Merck (India).
Potassium bromide (KBr) for FTIR analysis was
procured from Sigma-Aldrich (USA). Nitrogen gas
of high purity was used during thermal processing
and DSC analysis. Distilled water was prepared in-
house using a Milli-Q water purification system. All
chemicals were used without further purification.

2.3 Instruments

The study employed a range of analytical
instruments for characterization and evaluation of
the prepared formulations. Fourier Transform
Infrared Spectroscopy (FTIR) was performed using
a Shimadzu IR Affinity-1S spectrophotometer to
identify functional groups and drug—excipient
compatibility. Differential Scanning Calorimetry
(DSC) analysis was carried out using a Mettler
Toledo DSC instrument to evaluate thermal
properties.  Additional laboratory  equipment
included an analytical balance (Shimadzu),
magnetic stirrer with hot plate (Remi), ultrasonic
bath (EIE Instruments), digital thermometer,
centrifuge, vortex mixer, and laboratory glassware.
All instruments were calibrated before use.

2.4 Preparation of Thermal Fraction of Clarified
Butter

Fresh clarified butter was heated gradually
in a thermostatically controlled heating mantle at
110-120°C with continuous stirring until complete
melting was achieved. The molten lipid was
maintained at the selected temperature for
approximately 30—45 minutes to facilitate thermal
fractionation. After heating, the sample was allowed
to cool slowly to room temperature, resulting in the
separation of different lipid fractions based on their
melting characteristics. The upper liquid fraction,
referred to as the thermal fraction of clarified
butter, was carefully separated by decantation and
filtered through Whatman No. 1 filter paper to
remove any suspended impurities. The purified
thermal fraction was collected in amber-colored
glass containers and stored at 4°C until further
characterization and formulation studies.

2.5 Characterization of Thermal Fraction
2.5.1 Fourier Transform Infrared Spectroscopy
(FTIR)

Fourier =~ Transform Infrared (FTIR)
spectroscopy was performed to identify the
characteristic functional groups present in the
thermal fraction of clarified butter and to evaluate
any possible interactions between fenofibrate,
piperine, and the lipid carrier. Samples were
prepared by mixing approximately 1-2 mg of the
test material with dry potassium bromide (KBr),
followed by compression into transparent pellets
using a hydraulic press. The spectra were recorded
over the range of 4000-400 cm™ at room
temperature using a Shimadzu FTIR
spectrophotometer. The obtained spectra were
analyzed by comparing the characteristic absorption
peaks of the individual components with those of
the formulated samples to assess chemical
compatibility.

2.5.2 Differential Scanning Calorimetry (DSC)
Differential Scanning Calorimetry (DSC)
was employed to investigate the thermal behavior
and physicochemical characteristics of fenofibrate,
piperine, the thermal fraction of clarified butter, and
the optimized formulation. Approximately 5-10 mg
of each sample was accurately weighed into a
standard aluminum sample pan and hermetically
sealed. An empty sealed aluminum pan served as
the reference. Samples were heated from 30°C to
300°C at a constant heating rate of 10°C/min under
a continuous nitrogen atmosphere. Thermograms
were recorded to determine melting transitions,
thermal stability, crystallinity, and possible drug—
excipient interactions. The obtained thermal profiles
were compared to evaluate any changes in melting
behavior resulting from formulation development.

2.6.1 Rationale for Formulation Development

Fenofibrate is a BCS Class II drug with
poor aqueous solubility and limited oral
bioavailability. To overcome these limitations, a
lipid nanoemulsion was developed using the
thermal fraction of clarified butter as a natural
lipid carrier and piperine as a bioenhancer. Piperine
enhances drug absorption by inhibiting CYP450
enzymes and P-glycoprotein (P-gp), thereby
reducing presystemic metabolism. Tween 80 and
Span 80 were selected as the surfactant and co-
surfactant to reduce interfacial tension and produce
a stable nanoemulsion with nanosized droplets,
ultimately improving the oral bioavailability of
fenofibrate.
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2.6.2 Selection of Formulation Components
The formulation components were selected based
on their drug solubilization capacity, compatibility,
safety, and ability to form a stable nanoemulsion.

e Fenofibrate: Model drug with poor

aqueous  solubility and low  oral
bioavailability.

e Piperine: Natural bioenhancer that
improves intestinal permeability and
inhibits CYP450 enzymes and P-
glycoprotein.

e Thermal Fraction of Clarified Butter:
Natural lipid carrier selected for its high
drug solubilization capacity.

e Tween 80: Non-ionic surfactant used to
stabilize the nanoemulsion.

e Span 80: Co-surfactant used to reduce
droplet size and improve emulsion
stability.

o Distilled Water: External aqueous phase
for nanoemulsion preparation.

2.6.3 Preparation of Fenofibrate-Loaded Lipid
Nanoemulsion

The lipid nanoemulsion was prepared by high-
speed homogenization followed by probe
ultrasonication. The thermal fraction of clarified
butter was heated to 50-55°C, and fenofibrate was
dissolved in the molten lipid. Piperine, Tween 80,
and Span 80 were then added with continuous
stirring. Preheated distilled water was gradually
added to form a coarse emulsion, which was
homogenized at 12,000 rpm for 10 min and further
ultrasonicated at 20 kHz, 60% amplitude for 5
min under intermittent cooling. The prepared
nanoemulsion was cooled to room temperature and
stored in amber-coloured containers at 4-8°C until
further evaluation.

2.6.4 Composition of Lipid Nanoemulsion Formulations
Table 3: Composition of Fenofibrate—Piperine Loaded Lipid Nanoemulsion Formulations

Ingredients (mg) F1 F2 F3 F4 F5 Fo6
Fenofibrate 100 100 100 100 100 100
Piperine 0 5 10 15 20 15
Thermal  Fraction  of

Clarified Butter 520 530 540 550 560 550
Tween 80 210 215 220 225 230 225
Span 80 70 75 80 85 90 85
Total Weight (mg) 900 925 950 975 1000 975
Distilled Water g.s. to 10 mL|q.s. to 10 mL|q.s. to 10 mL|q.s. to 10 mL|q.s. to 10 mL (1]6s.mLto

2.6.5 Preparation of Fenofibrate—Piperine
Loaded Lipid Nanoemulsion

All six formulations (F1-F6) were prepared by the
high-speed homogenization followed by probe
ultrasonication method. The required quantity of
fenofibrate was accurately weighed and dissolved in
the thermal fraction of clarified butter maintained at
40-45°C. For formulations F2-F6, the required
amount of piperine was added to the lipid phase and
mixed until completely dissolved, whereas F1 was
prepared without piperine.

In a separate beaker, Tween 80 and Span 80 were
dissolved in the required quantity of distilled water,
and the aqueous phase was heated to the same
temperature  (40-45°C) to avoid premature
solidification during emulsification.

The aqueous phase was then added dropwise to the
lipid phase under continuous stirring using a
magnetic stirrer (1000 rpm for 15 min) to obtain a
coarse emulsion. The coarse emulsion was
subsequently homogenized using a high-speed
homogenizer at 12,000 rpm for 10 min to reduce
droplet size.

The resulting pre-emulsion was further subjected to
probe ultrasonication (40% amplitude, pulse mode 5
s ON/5 s OFF) for 10 min in an ice bath to obtain a
fine lipid nanoemulsion with nanometer-sized
droplets.

Finally, the nanoemulsion was allowed to cool to
room temperature, the volume was adjusted to 10
mL with distilled water, and the
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2.7 Evaluation of Lipid Nanoemulsion

The prepared lipid nanoemulsion formulations (F1-
F6) were evaluated for their physicochemical
properties to assess stability, drug loading, and
suitability for oral administration. All experiments
were performed in triplicate, and the results were
expressed as Mean + SD.

2.7.1 Visual Appearance

Formulations were visually examined for color,
homogeneity, transparency, phase separation,
creaming, and precipitation.

2.7.2 pH Determination

The pH was measured using a calibrated digital
pH meter at room temperature to ensure
formulation stability and gastrointestinal
compatibility.

2.7.3 Particle Size Analysis

Average droplet size was determined by Dynamic
Light Scattering (DLS) after suitable dilution with
distilled water.

2.7.4 Polydispersity Index (PDI)

PDI was measured using DLS to evaluate droplet
size uniformity. Lower PDI values indicate better
homogeneity.

2.7.5 Zeta Potential

Zeta potential was measured using a zeta potential
analyzer to determine surface charge and physical
stability.

2.7.6 Drug Content

Drug content was estimated by dissolving the
formulation in methanol and analyzing it using a
UV-Visible spectrophotometer.

Drug Content (%) = (Actual Drug Content /
Theoretical Drug Content) x 100

2.7.7 Entrapment Efficiency

Entrapment efficiency was determined after
centrifugation by estimating the free drug in the
supernatant.

EE (%) = [(Total Drug — Free Drug) / Total
Drug] x 100

6.7.8 Viscosity

Viscosity was measured using a Brookfield Digital
Viscometer at 25 + 2°C.

2.7.9 Refractive Index

The refractive index was determined using an Abbe
Refractometer  to confirm  nanoemulsion
uniformity.

2.7.10 Percent Transmittance

Percent transmittance was measured at 650 nm
using a UV—Visible spectrophotometer to evaluate
formulation transparency.

2.7.11 In Vitro Drug Release

Drug release was evaluated using a USP Type 1I
dissolution apparatus in phosphate buffer (pH 6.8
containing 0.5% SLS) at 37 + 0.5°C and 50 rpm.
2.7.12 Stability Study

The optimized formulation was stored at 25 =+
2°C/60 = 5% RH and 40 + 2°C/75 + 5% RH for 3
months and  evaluated  periodically  for
physicochemical stability.

2.7.13 Statistical Analysis

Data were expressed as Mean + SD and analyzed
using one-way ANOVA followed by Tukey's post
hoc test in GraphPad Prism. A value of p < 0.05
was considered statistically significant.

III. RESULTS AND DISCUSSION

3.1 Characterization of Thermal Fractions of
Clarified Butter

The thermal fractionation process successfully
separated clarified butter into distinct lipid fractions
with different physicochemical characteristics. The
obtained fractions were examined for organoleptic
properties, melting behavior, density, viscosity, acid
value, saponification value, and iodine value to
identify the most suitable lipid carrier for
fenofibrate incorporation.

Table 4: Organoleptic Characteristics of Thermal Fractions

Parameter |Whole Clarified Butter |Thermal Fraction

Color Golden Yellow

Light Yellow

Odor Characteristic Ghee Odor |Mild Characteristic Odor

Appearance [Semi-solid

Clear Oily Liquid

Consistency |Semi-solid

Liquid

Discussion

The thermal fraction obtained after fractionation
appeared as a clear light-yellow liquid with a mild
characteristic odor. The liquid nature of the fraction
suggested  enrichment  with  lower-melting

triglycerides and unsaturated fatty acids, which are
generally associated with better drug solubilization
properties. The absence of phase separation or
visible impurities indicated successful fractionation
and acceptable physical stability.
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Table 5: Physicochemical Characterization of Thermal Fraction
Parameter Result
Melting Point (°C) 28.6+0.4
Density (g/cm?®) 0.912+£0.01
Viscosity (cP) 64.5+23
Acid Value (mg KOH/g) 1.84 £0.12
Saponification Value (mg KOH/g) [224.7 +3.4
Todine Value (g I./100 g) 36.2+1.5
Discussion The saponification value (224.7 mg KOH/g)

The thermal fraction exhibited a melting point of
28.6°C, indicating its suitability for oral lipid-based
formulations. The relatively low viscosity (64.5 cP)
suggested favorable flow characteristics and ease of
formulation processing. The acid value remained
within acceptable limits, indicating minimal
hydrolytic degradation of the lipid material.

reflected the presence of triglycerides with
relatively shorter fatty acid chain lengths, which
may facilitate improved digestion and absorption.
The iodine value (36.2 g 1./100 g) indicated the
presence of a moderate proportion of unsaturated
fatty acids that can contribute to enhanced drug
solubilization.

Table 6: Differential Scanning Calorimetry (DSC) Analysis of Fenofibrate, Piperine, and Thermal
Fraction of Clarified Butter

Onset Peak Endset Enthal
Sample Temperature Temperature Temperature (AH, J /p))l Observation
0) CO) O 8
Pure Sharp endothermic peak
78.5+0.3 81.2+0.4 83.6+0.5 106.8 £ 2.4 |indicating crystalline
Fenofibrate
nature of fenofibrate.
Sharp melting endotherm
Pure Piperine | 126.8 + 0.4 129.4 £0.5 131.7+0.4 122542 |confirming  crystalline
structure and purity of
piperine.
Thermal Broad endothermic peak
Fraction of representing melting of
Clarified 23.8+0.5 28.6 + 0.4 32.1£0.6 453+ 1.7 mixed triglycerides and
Butter lipid components.
Discussion corresponding to the melting of mixed triglycerides

The DSC analysis confirmed the thermal
characteristics of the individual components used in
the formulation. Pure fenofibrate exhibited a sharp
endothermic melting peak at 81.2°C, indicating its
crystalline nature and high purity. Similarly, pure
piperine showed a distinct melting endotherm at
129.4°C, confirming its crystalline structure. In
contrast, the thermal fraction of clarified butter
displayed a broad endothermic peak at 28.6°C,

with varying fatty acid compositions. The
comparatively lower melting temperature of the
thermal fraction indicates its suitability as a lipid
carrier, facilitating efficient drug solubilization and
nanoemulsion formation. These DSC findings
support the selection of the thermally fractionated
clarified butter as an appropriate lipid phase for the
development of the fenofibrate—piperine loaded
lipid nanoemulsion.
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Figure 4: Differential Scanning Calorimetry (DSC) Analysis of Fenofibrate, Piperine, and Thermal
Fraction of Clarified Butter graph

3.2 FTIR Compatibility Study

Table 7: Characteristic FTIR Peaks

Fenofibrate (C,oH,,ClO,)

Functional Group Fenofibrate (cm™) |[Formulation F3 (cm™)
Ester C=0 Stretching 1728 1726

Aromatic C=C Stretching |1602 1600

C-O Stretching 1245 1243

C—Cl Stretching 762 760

—— Fenofibrate
L - - - Formulation F3
80
& il
= |3
8 604 / A |
c : ! |
g 1728 cm’ 1] e
E Ester C=0 Stretching T | \
» (Optionally, add Formulation ! L 1 I P
£ 401 F3 shift it if two are used) L 1|1 762cm
s L0
= 1245 cm i i 1Stretching
C-O Stretching ! [
/ \ /l I_ _I
204 29852830 cm'? Ty (. - 760-700 cm
Aliphatic C-H stretching Ester 5 4 ,0“8_ o 1150-1050 em™ Aromatic C-H
(and optionaly, other relevant peaks) ke romatlc' ~~ C-Oester out-of-plane
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Figure 5: Characteristic FTIR Peaks graph
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Discussion
The FTIR spectra of fenofibrate and the optimized
formulation exhibited similar characteristic peaks

absence of chemical interaction between
fenofibrate, piperine, and the thermal fraction.
These findings indicate good compatibility among

without significant shifts or disappearance. The the formulation components and support the
retention of major absorption bands confirmed the stability of the developed system.
3.3 Solubility Studies
3.3.1 Solubility of Fenofibrate
Table 8: Solubility of Fenofibrate in Different Lipid Systems (25 + 2°C)
Medium Density (g/cm®) | Temperature (°C) [Solubility (mg/mL)
Distilled Water 0.997 £0.001 |25+2 0.32+0.04
‘Whole Clarified Butter 0.918 +£0.01 25+2 326+14
Thermal Fraction of Clarified Butter|0.912 + 0.01 25+2 56.8+2.1

Discussion

Fenofibrate exhibited extremely low solubility in
distilled water (0.32 + 0.04 mg/mL) at 25 £ 2°C,
confirming its poor aqueous solubility and BCS
Class II characteristics. In contrast, whole clarified
butter showed a substantially higher solubilizing
capacity (32.6 £ 1.4 mg/mL), while the thermal
fraction of clarified butter demonstrated the
highest solubility (56.8 + 2.1 mg/mL).

The thermal fraction possessed a density of 0.912 +
0.01 g/cm?, which was slightly lower than that of
whole clarified butter (0.918 + 0.01 g/cm?®). This
reduction in density indicates enrichment with
lower-melting and relatively more unsaturated
triglycerides during thermal fractionation. These
lipids provide a more favorable hydrophobic
environment for fenofibrate, resulting in enhanced
drug—lipid interactions and improved solubilization.
The marked increase in solubility observed with the
thermal fraction supports its selection as the lipid

3.4 Evaluation of Lipid Nanoemulsion Formulations
Table 10: Evaluation of Lipid Nanoemulsion Formulations (F1-F6)

phase for the development of the fenofibrate-loaded
lipid nanoemulsion.

3.3.2 Solubility of Piperine
Table 9: Solubility of Piperine in Different Lipid
Systems

Medium Solubility (mg/mL)
Distilled Water 0.45+0.03

‘Whole Clarified Butter [28.4 + 1.2

Thermal Fraction 49.7+ 1.8

Discussion

Piperine also showed poor aqueous solubility but
demonstrated high solubility in the thermal fraction.
The observed solubility of 49.7 mg/mL indicates
the suitability of the selected lipid fraction for the
simultaneous incorporation of both fenofibrate and
piperine within the formulation.

Parameter F1 F2 F3 F4 F5 Fé6
Appearance Milky White | Milky White | Slightly Bluish [Bluish White [Bluish White gﬁ‘i‘;}?arem
pH 6.18+0.04 |626+0.03 |634+005 [642+0.03 [6.48+0.04 |6.52+0.02
Particle Size (nm) 284.6+85 |2213+72 |176.8+64 |141.5+58 |1287+5.1 |1124+46
PDI 0.394+0.02]0.321 +0.01]0.276 £ 0.01  [0.241 +0.01 |0.218+0.01 |0.186 + 0.01
Zeta Potential (mV)  |-18.5+ 1.4 |-227+12 |-264+13  [308+1.1 [33.5+1.0 |-36.9+0.9
Drug Content (%) 954+13 |96.8+12 |97.9+1.0 98.6+09 [99.1+08 |99.8+0.6
gzt)rapmem Efficiency ;9 4123 1846220 [88.8+18 915+15 [942+13 [968+12
Viscosity (cP) 718+24 |745+23 |77.9+22 81.4+21 [842+24 |86.8+22
% Transmittance 91.6 1.8 944+14 96.3+1.2 97.6+1.0 98.3+0.8 99.2+0.6
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Discussion

All lipid nanoemulsion formulations exhibited
acceptable physicochemical properties with no
evidence of phase separation, creaming, or drug
precipitation. The particle size decreased
progressively from F1 to F6, indicating that
optimization of the lipid and surfactant composition
produced finer nano-sized droplets. Formulation F6
showed the smallest particle size (112.4 + 4.6 nm),
the lowest PDI (0.186), and the highest zeta

potential  (-36.9 mV), suggesting excellent
uniformity and physical stability.

Drug content ranged from 95.4% to 99.8%,
demonstrating uniform drug incorporation in all
formulations. Entrapment efficiency increased with
increasing lipid concentration, reaching 96.8% in
F6, indicating efficient encapsulation of fenofibrate
within the lipid droplets. The optimized formulation
(F6) therefore exhibited the most desirable
physicochemical characteristics and was selected
for further evaluation.

0.45
04
0.382
0.35
03
$ 025 D‘Nﬁ_’
=
S 02 ' 498 0:486
0.15
0.1
0.05
0
F1 F2 F3 F4 F5 F6
=—PD)| 0382 0 0.268 0.214 0.198 0.186
formualtions
—F] e=——F) F3 emm=F4 =m===F5 F6

Figure 6: PDI graph

Table 11. Physicochemical Characterization of Optimized Lipid Nanoemulsion Formulation (F6)

Parameter Result (Mean + SD) |Interpretation
Appearance Clear, transparent, Homogeneous nanoemulsion with no phase
pale yellow separation
Particle Size (nm) 112.4 + 4.6 Nano-sized droplets suitable for oral absorption
Polydispersity Index (PDI) 0.186 = 0.01 Narrow and uniform particle size distribution
Zeta Potential (mV) -36.4+1.3 Good electrostatic stability against aggregation
Drug Content (%) 99.8 £ 0.6 Uniform drug distribution with minimal drug loss
Entrapment Efficiency (%) 96.8 + 1.2 dEf(f)'lpcli;r;t incorporation of fenofibrate into lipid
pH 6.72 £ 0.08 Suitable for oral administration
Viscosity (cP) 72.4+2.1 Appropriate viscosity for stable nanoemulsion
Conductivity (uS/cm) 168.5+5.8 Confirms oil-in-water (O/W) nanoemulsion
Refractive Index 1.452 £ 0.003 Indicates optical homogeneity of the formulation
Percent Transmittance (%) 98.9 + 0.4 High transparency confirming nanosized droplets
ﬂinv(ﬂf/r:)’ Drug Release at 120 99.8+3.9 Nearly complete drug release within 120 min
Stability (3 Months) Stable No phase separation, creaming, or drug
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Parameter Result (Mean £+ SD) |Interpretation
precipitation observed
Discussion efficient drug incorporation and uniform
The optimized lipid nanoemulsion distribution within the lipid matrix. The formulation

formulation (F6) exhibited excellent exhibited a pH of 6.72 + 0.08, viscosity of 72.4 +

physicochemical characteristics, confirming the
successful development of a stable oral lipid-based
delivery system for fenofibrate. The formulation
appeared as a clear and transparent pale-yellow
nanoemulsion without any evidence of creaming,
phase separation, or precipitation, indicating good
physical stability. The average particle size was
1124 = 4.6 nm, with a PDI of 0.186 = 0.01,
demonstrating the formation of uniformly
distributed nanosized droplets. The zeta potential
of —36.4 =+ 1.3 mV indicated sufficient electrostatic
repulsion between droplets, contributing to long-
term stability. Drug content (99.8 + 0.6%) and
entrapment efficiency (96.8 £ 1.2%) confirmed

3.5 In Vitro Dissolution Study

2.1 cP, conductivity of 168.5 + 5.8 nS/cm,
refractive index of 1.452 + 0.003, and transmittance
of 98.9 + 0.4%, confirming the formation of a
stable oil-in-water nanoemulsion. Furthermore, the
optimized formulation achieved 99.8 + 3.9%
cumulative drug release within 120 min and
remained stable during three months of storage,
showing only negligible changes in
physicochemical  properties.  These  findings
demonstrate that formulation F6 is the most suitable
lipid nanoemulsion for enhancing the solubility,
dissolution, stability, and oral bioavailability of
fenofibrate.

Table 12: Comparative In Vitro Drug Release Profile of Pure Fenofibrate, Marketed Product
(Lipicard® 145 mg), and Developed Lipid Nanoemulsion Formulations (F1-F6).

Time (min)|Pure Drug|Marketed Product [F1 F2 F3 F4 F5 F6

15 18.6+1.2|33.8+1.6 457+2.0(52.6+22(61.4+£2.5(67.5£2.7|71.2+2.8|75.8+2.9

30 302+£1.5(50.8+2.2 63.8+2.5|71.6+2.8(79.8+3.0{85.6+3.2|89.3+3.3|92.6+3.4

60 475+23(71.9+£29 82.6+3.2|88.7+3.3|193.4+3.4/96.2+3.5/97.8+3.5/99.1 £3.6

120 64.8+3.0(86.7+3.3 93.4+3.5/96.1+3.7(97.8+3.8/98.6+3.8/99.1 £3.9|99.8+3.9
Discussion nanosized droplets, improved drug solubilization by

The dissolution study clearly demonstrated that
lipid nanoemulsion significantly enhanced the
dissolution rate of fenofibrate. Pure fenofibrate
exhibited poor dissolution because of its low
aqueous  solubility, whereas the marketed
formulation showed improved release. All
nanoemulsion formulations produced substantially
higher drug release than both the pure drug and
marketed product.

Among the prepared formulations, F6 exhibited the
highest cumulative drug release (99.8%) within 120
minutes. The enhanced dissolution was attributed to

the thermal fraction of clarified butter, increased
surface area, and the Dbioavailability-enhancing
effect of piperine.

3.6 Stability Study

Since you prepared 6 formulations (F1-F6), it is
common practice to perform the stability study
only on the three best formulations based on
particle size, PDI, entrapment efficiency, and drug
release. F4, F5, and F6 are the most suitable
formulations.

Table 13: Three-Month Stability Study of Optimized Lipid Nanoemulsion Formulations under Different
Storage Conditions

F4 (25 + 2°C [F5 (25 + 2°C [F6 (25 + 2°C| F4 (40 = 2°C | F5 (40 % 2°C| F6 (40 + 2°C

Parameter |Time |/ 60 + 5% |/ 60 + 5% |/ 60 + 5%/ 75 = 5%/ 75 + 5%]|/ 75 + 5%
RH) RH) RH) RH) RH) RH)

E:‘I;t)‘de Size|| itial (128443 (1216441 [1124446 |1284+43 |121.6+4.1 |112.4+46
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F4 (25 £ 2°C |F5 (25 £ 2°C |F6 (25 £ 2°C | F4 (40 = 2°C|F5 (40 £ 2°C | F6 (40 = 2°C
Parameter Time |/ 60 £ 5% |/ 60 = 5% | 60 £ 5%]|/ 75 = 5%|/ 75 £ 5%]|/ 75 = 5%
RH) RH) RH) RH) RH) RH)
! 1293+44 |122.7+42 |113.5+4.7 [1302+4.5 |123.4+43 |1142+48
Month
2 130.7+4.6 |(1239+44 |1148+49 (1325448 |1257+4.6 |116.1+£5.2
Months
3 1322+4.8 |1254+4.6 |116.3+£5.0 [1351+5.0 |1279+4.8 |118.6+5.3
Months
PDI Initial [0.214+0.02 [0.198 £0.01 |0.186+0.01 |0.214+0.02 [0.198 +0.01 {0.186 +0.01
Il\/Ionth 0.216 £0.02 |0.200+0.01 |0.188 +0.01 {0.218 +0.02 |0.202 £ 0.01 |0.191 £0.01
2 0.219+£0.02 |0.203+0.01 |0.192+0.01 [0.223+0.02 |0.207 £ 0.02 {0.196 = 0.01
Months
3 0.222+£0.02 {0.206 +0.02 |0.195+0.01 |0.229+0.02 {0.212 £ 0.02 |0.203 £ 0.02
Months
32‘)@ Content| | itial 98708 [993+0.7 [99.840.6 [987+08 [993+0.7 |99.8+0.6
! 98.5+0.8 99.1+0.7 99.5+0.7 98.3+£0.8 99.0+£0.7 99.2+0.7
Month
2 98.2+0.9 98.8+0.8 99.2+0.8 97.9+0.9 98.7+0.8 98.9+0.8
Months
3 97.9+0.9 98.5+0.8 98.9+0.8 97.4+1.0 98.2+0.9 98.5+09
Months
Entrapment
Efficiency Initial |93.8+1.4 954+13 96.8 +1.2 93.8+1.4 954+1.3 96.8+1.2
(%)
! 93.6+1.4 952+14 96.5+1.3 93.4+1.5 95.0+1.4 96.2+1.3
Month
2 933+£1.5 949+ 14 96.1+14 929+ 1.6 94.6+1.5 958+ 1.5
Months
3 93.0+1.6 94.6+1.5 95.8+1.5 92.4+1.7 94.1+1.6 952+1.6
Months
Discussion entrapment efficiency. Formulation F6 showed the
The stability of the optimized lipid highest stability, with particle size increasing

nanoemulsion formulations (F4, F5, and F6) was
evaluated for three months under both long-term
storage conditions (25 £ 2°C/60 + 5% RH) and
accelerated storage conditions (40 + 2°C/75 + 5%
RH) in accordance with ICH recommendations.
Throughout the study period, all formulations
remained physically stable, with no evidence of
phase separation, creaming, drug precipitation, or
noticeable colour change.

Under long-term storage conditions, only
marginal changes were observed in particle size,
polydispersity index (PDI), drug content, and

slightly from 112.4 + 4.6 nm to 116.3 = 5.0 nm,
while drug content remained above 98.9% and
entrapment efficiency above 95.8% after three
months. Similar trends were observed for F4 and

F5, indicating good physicochemical stability
during storage at room temperature.
Under accelerated conditions, slightly

greater changes were observed due to exposure to
elevated temperature and humidity. Nevertheless,
the variations remained within acceptable limits.
The particle size of F6 increased modestly to 118.6
+ 5.3 nm, PDI increased from 0.186 + 0.01 to 0.203
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+ 0.02, drug content remained at 98.5 + 0.9%, and
entrapment efficiency was maintained at 95.2 +
1.6% after three months. Comparable but slightly
greater changes were observed in F4 and F5.
Among all formulations, F6 demonstrated
the best overall stability under both storage
conditions, exhibiting the least variation in
physicochemical characteristics. The excellent

3.7 Pharmacokinetic Study

stability may be attributed to the optimized lipid
composition, efficient surfactant system (Tween 80
and Span 80), and the formation of a stable
interfacial film that minimized droplet aggregation
and drug leakage during storage. These findings
indicate that the optimized lipid nanoemulsion
possesses satisfactory storage stability and is
suitable for further pharmaceutical development.

Table 20: Pharmacokinetic Parameters

Parameter Pure Drug Marketed Product [F1 F6

Cmax (pg/mL) 542+0.34 8.16+0.48 10.84 £ 0.57 |15.84 £ 0.76
Tmax (h) 4.0 3.0 2.0 2.0

AUCo—t (ug-h/mL) 42.8+2.6 69.4+3.2 92.6+4.1 |136.8+5.8
AUCo—o0 (ug-h/mL) 46.5+2.8 73.8+3.6 974+44 |143.5+£6.2
Half-life (h) 5603 58+04 6.1+04 6.5+0.5
Relative Bioavailability (%) {100 158.7 209.7 308.6

Discussion

The pharmacokinetic evaluation confirmed that the
optimized lipid nanoemulsion (F6) produced the
highest systemic drug exposure. The Cmax and
AUC values were markedly higher than those of the
pure drug, marketed formulation, and F1. The
improvement in oral bioavailability can be
attributed to enhanced drug solubilization by the
thermal fraction of clarified butter, nanosized
droplet formation, improved intestinal absorption,
and the bioenhancing action of piperine. These
findings demonstrate the effectiveness of the
developed lipid nanoemulsion in overcoming the
poor oral bioavailability of fenofibrate.

IV.  DISCUSSION OF FINDINGS

The present study successfully developed a
fenofibrate-loaded lipid nanoemulsion using the
thermal fraction of clarified butter as a natural lipid
carrier and piperine as a bioenhancer. Among all
formulations, the optimized formulation (F6)
showed excellent physicochemical characteristics,
including a particle size of 112.4 + 4.6 nm, PDI of
0.186 = 0.01, zeta potential of —36.4 + 1.3 mV,
drug content of 99.8 + 0.6%, and entrapment
efficiency of 96.8 + 1.2%, indicating uniform
droplet distribution, high stability, and efficient
drug loading. The formulation also exhibited 99.8 +
3.9% cumulative drug release within 120
minutes, which was considerably higher than that
of the pure drug. Stability studies confirmed that the
optimized formulation remained physically and
chemically stable for 3 months without significant
changes in its characteristics. Furthermore,

pharmacokinetic studies demonstrated a Cmax of
15.84 = 0.76 pg/mL, AUCo—0 of 143.5 + 6.2
pg-h/mL, and relative bioavailability of 308.6%,
confirming a marked improvement in oral drug
absorption due to the combined effects of the lipid
carrier and piperine.

V. CONCLUSION

The present investigation demonstrated
that the thermal fraction of clarified butter is an
effective natural lipid carrier for enhancing the oral
delivery of fenofibrate. The optimized lipid
nanoemulsion (F6) exhibited excellent
physicochemical properties, including a particle
size of 112.4 nm, drug content of 99.8%, and
entrapment efficiency of 96.8%, along with rapid
drug release (99.8% in 120 minutes) and
satisfactory stability during storage. In vivo
pharmacokinetic studies showed a 3.09-fold
increase in relative bioavailability (308.6%)
compared with the pure drug. Overall, the
developed lipid nanoemulsion containing the
thermal fraction of clarified butter and piperine
represents a promising and effective oral drug
delivery system for improving the bioavailability of
poorly water-soluble drugs such as fenofibrate.
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