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The present study investigated the formulation development of functional oils such as linseed oil, almond
oil, and walnut oil and their comparative evaluation for permeation enhancement. Pre-formulation studies
like solubility study and emulsification study were performed for selecting microemulsion components. The
microemulsion region was obtained by generating pseudo ternary phase diagrams. The final formulations
were selected by the OFAT model and characterized for appearance, globule size, polydispersity index, zeta
potential, drug content, dilution potential, centrifugation stability, and pH. Furthermore, in vitro dissolution
and ex vivo permeation studies were performed. All final formulations were found colourless, clear and
transparent without phase separation or precipitation. All formulations showed mean globule size below 20
nm, polydispersity index less than 0.1, and exhibited zeta potential of -30 mV. All formulations showed drug
content greater than 97 % and pH in the range of 5-6. The in vitro drug release study showed 89.12 %, 91.06
% and 101.21 % drug release by linseed oil, almond oil and walnut oil-loaded microemulsions respectively
whereas pure drug solution exhibited 103.48 % drug release at the end of 6 h. The drug release from all
three formulations was best fitted into the Higuchi model whereas plain drug fitted into the Hixson Crowell
model. An ex vivo permeation study revealed that all formulations showed higher steady state flux than the
drug solution with ~1.25 fold enhancement. The study concluded that the use of functional oils significantly
improved permeation and drug release which can further improve bioavailability upon in vivo assessment in
the suitable animal models.
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The burden of non-communicable and injury-
related neurological diseases is increasing in India.
Non-communicable neurological diseases (stroke,
migraine, epilepsy, cerebral palsy, Alzheimer's
disease, dementia, brain cancer, Parkinson's
disease, multiple sclerosis, motor neuron diseases,
and other neurological disorders, etc.) increased
their contribution to total Disability-Adjusted Life
Years (DALYSs) in India from 4 % in 1990 to 8.2
% in 2019 and will continue to increase further.
However, communicable neurological disorders
(encephalitis, meningitis, and tetanus) dropped
their contribution from 4.1 %-1.1 % in 2019.
Injury-related neurological diseases accounted for
0.6 % of total DALY's in 2019, compared to 0.2 %
in 1990. The fraction of total DALY attributable
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to all neurological illnesses (comprising
communicable, non-communicable and injury-
related disorders) increased slightly from 8.3 % in
1990 to 9.9 % in 2019 in Indial’. Everyday risk
factors such as stress, lack of physical activity,
poor nutrition, obesity, high plasma cholesterol
levels, smoking, drinking, or may have a role in the
relatively high prevalence of neurodegenerative
disorders. The development, severity and duration
of neurodegenerative illnesses are influenced by
variable lifestyle factors as well as certain inherent
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factors including aging, neuro-inflammation,
brain damage and oxidative stress?. Diets heavy
in sugar, saturated fats, or calories, on the other
hand are thought to be harmful to brain function
because they increase oxidative stress and decrease
synaptic plasticity and cognitive functioning!®.

Central Nervous System (CNS) disorders are
the major cause of death in the world®. The
most common CNS disorders comprising of
are Alzheimer’s disease, Parkinson’s disease,
schizophrenia, epilepsy, migraine, depression,
multiple sclerosis, etc. Many drugs have been
approved by Food and Drug Administration (FDA)
are currently available for the treatment of these
CNS ailments and neurological disorders®®.
Treatments using these FDA approved drugs relieve
symptomatically being unable to cease the disease
progression, especially in neurodegenerative
disorders®!. These drawbacks of current therapy
generate the need and necessity for newer and
more effective therapeutic approaches.

One of the major hurdles in transporting drugs
to the CNS is the Blood-Brain Barrier (BBB).
It prevents the entry of drugs required for the
treatment of CNS disorders!'?. Many researchers
investigated various strategies for enhancing the
delivery of drugs to the brain by overcoming
BBB. These approaches include temporally tight
junction opening!'), endogenous receptor-mediated
endocytosis!!?, carrier-mediated endocytosis!'?],
inhibition of efflux pumps!'¥), adsorptive-mediated
transcytosis '), convection-enhanced diffusion!'®!
and the use of prodrugst”!.

Various nano-formulations such as Nanostructured
Lipid Carriers (NLC)!"#2%1 self-microemulsifying
drug delivery system!?!l] self-nanoemulsifying
drug delivery systems??!, nanoemulsion!>*2¢],
microemulsion™”), can incorporate different oils as a
bioactive molecule or as an excipient. Nevertheless,
microemulsion could be preferred based on several
advantages such as thermodynamically stable,
require minimum energy, ease of preparation,
ability to incorporate both hydrophilic and
lipophilic drugs, ability to incorporate oils and
protect it from external factors like temperature,
pH, dilution, etc.”®!, enhancement in solubility
and rate of absorption®**°. The thermodynamic
stability of micro emulsion could be attributed to
negative free energy attained by decreasing surface
tension at interface and build due to positive effects
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of both surfactants and co-surfactants.

Several studies revealed that Poly Unsaturated
Fatty Acid (PUFA) oils containing ®-3 fatty
acids improve neurotransmissionl®'3,  synaptic
plasticity®?!, membrane fluidity, reduce oxidative
stressi*+3¢ increases nerve growthB”), increases
cerebral flow, decreases inflammatory mediators
and their synthesis®®*1. PUFA rich oils used in
various diseases such as Alzheimer diseasel*],
Parkinson’s disease®!!, schizophrenial*, cancer*,
ischemial*l, epilepsy™), multiple sclerosisi*®+7,
Various mechanisms are proposed for brain PUFA
uptake like endocytosis of PUFA containing
lipoprotein particles followed by hydrolysis to
liberate PUFAM8), passive diffusion of albumin-
bound unesterified PUFA via flip-flop mechanism
or transporters, lipoprotein lipase mediated PUFA
uptake!®, albumin-bound lysophosphatidylcholine
uptakel. Dietary oils, which are known since
ancient times, like Linseed Oil (LO), Almond Oil
(AO), and Walnut Oil (WO) have a significant
effect on brain performance and health. Also,
endogenous receptors help in transporting these
oils to the brain®!!. Furthermore, researchers have
also explored the effect of these oils in vivo on
improving memory, brain health, and cognitive
behavior. A recent study on micro emulsion
containing flaxseed oil showed enhancement in
bioavailability and brain distribution and improve
docosahexaenoic acid levelst?54, Higher intake
of WO was associated with improved processing
speed, cognitive flexibility and the memory!®5-38l.
AO supplementation improves antioxidant defenses
and decreases oxidative damage in humans. Also,
elevate the acetyl choline level in the brain and
ultimately improve memoryl”¢!, In brief, these
previously mentioned oils have great potential in
assisting brain targeting by the development of
platform technology for delivering drugs to the
brain.

The objective of this study was the development of
PUFA containing oil (like LO, AO, and WO) loaded
oral microemulsions, in vitro characterization,
and ex vivo permeability evaluation. Rizatriptan
Benzoate (RB) was used as a prototype drug.
Initially, pre-formulation studies like solubility,
emulsification study and construction of pseudo
ternary phase diagram were performed. The
formulations were developed using the OFAT
model. The developed formulations were compared
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based on the in vitro drug release and ex vivo
permeability. However, further part of studies like
pharmacokinetic study and pharmacodynamics
assessment is going on and are under the scope of
another manuscript.

MATERIALS AND METHODS

RB was obtained as a gift sample from Zim
Laboratories Limited, Nagpur. Capmul MCM
(CO), Captex 300, Captex 355, and Captex 8000
were obtained as a gratis sample from Abitec
Corporation, India. AO and LO were obtained
as gift samples from K. K. Enterprise, Surat and
Prano Flax (India) Pvt. Ltd., Jaipur, respectively.
WO was purchased from Lakadi Ghana, Pune,
India. Kolliphor EL (KEL) was obtained as a
generous gift sample from BASF Limited, India.
Transcutol P (TP) (Diethylene glycol monoethyl
ether) and Labrasol ALF were gifted by Gattefosse
(Mumbai, India). Tween 80, Tween 20, Ethanol,
and Polyethylene Glycol (PEG) 400 were
purchased from SD Fine Chemicals Ltd, India. All
other chemicals used were of analytical grade.

Solubility study:

Saturation solubility of RB was determined by
adding an excess amount of RB into a specific
volume of oils (LO, WO, AO, Capmul MCM,
Captex 300, Captex 355, Captex 8000), surfactants
(Tween 80, Tween 20, Kolliphor EL and Labrasol)
and co-surfactants/solubilizers (Ethanol,
Transcutol P, Glycerol and PEG 400) in Eppendorf
tubes. Eppendorf tubes were vortexed for 15 min
and kept for attaining equilibrium at 37°+1° in a
shaker bath for 48 h. The samples were centrifuged
(Centrifuge 5424 R) at 12 000 rpm for 15 min to
separate the undissolved drug. The supernatant
was collected and diluted suitably with methanol
which was further analyzed by using a Ultra-Violet
(UV) spectrophotometer (V-630, Jasco, Easton,
USA)atr 227 nm.

Emulsification study:

The screening of surfactants and co-surfactants
was done based on their emulsification efficiency
and solubility of RB. The study was performed as
per the reported method™”-%2l, The oils were mixed
with the surfactants and co-surfactants in 1:1:0 and
1:0.5:0.5 v/v ratios for Surfactant Emulsification
study (SE) and Co-Surfactant Emulsification study
(CSE). These mixtures were vortexed for 15 min
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and sonicated for 10 min. The samples were kept
overnight for stabilization. Samples with phase
separation were excluded. The remaining samples
were further diluted 1000 times with distilled
water and mixed by repeated inversions until the
formation of uniform dispersion. The presence
of larger oil globules was also considered phase
separation and samples were excluded from the
study. The dilutions were allowed to stabilize
for 2 h and percentage Transmittance (% T) was
measured at 650 nm using a UV spectrophotometer
against water as a blank. All samples were prepared
in triplicates.

Construction of pseudo ternary phase diagrams:

Pseudo ternary phase diagrams were constructed
to determine the proportion of components
giving microemulsion region and their effect on
the globule size of ME[, The water titration
method was used for constructing pseudo ternary
phase diagrams. Transcutol P and ethanol as co-
surfactants and Kolliphor EL as a surfactant were
selected for this study. Different weight ratios
of Surfactants:Co-Surfactants (S:CoS) as 1:1,
2:1, and 3:1 were taken, vortexed for 15 min and
kept overnight for stabilization and removal of
bubbles. Oil and S:CoS mixture were mixed at
different proportions (1:9, 2:8, 3:7, 4:6, 5:5, 6:4,
7:3, 8:2 and 9:1) (v/v) in glass test tubes. Water
was added to the above mixture as aliquots until
the turbidity was observed as an endpoint. The
volume of water added was recorded. The values
were given to software (TriDraw software, Version
2.6) as an input to construct the pseudo ternary
phase diagrams.

Effect of o0il concentration
concentration on globule size:

The effect of oil concentration on globule
size was determined by formulating different
Micro Emulsion (ME) batches with varying oil
concentrations from 5 %-25 % keeping Smix
concentration constant at 60 % and water was
added to produce 100 %. For determining the
effect of Smix concentration, different MEs were
prepared by varying Smix concentrations from 50
%-70 % keeping oil concentration fixed at 10 %
and water to produce 100 %. These formulations
were diluted 100 times using distilled water and
their globule size was determined by a nanoparticle
analyzer (SZ-100 Nanopartica, Horiba Scientific,

and Smix
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India). All samples were prepared in triplicates.
Formulation of RB loaded ME:

Different RB-loaded MEs were prepared by mixing
all the components. Initially, oils were mixed with
S:CoS and RB was incorporated at a dose of 10 mg/
ml of the final formulation followed by mixing for
15 min. After complete solubilization of RB, water
was added, mixed for 15 mins, and kept overnight
for stabilization. We have kept the overall same of
composition of MEs as 20 % oil, 60 % Smix and
remaining 20 % Water for evaluating the effect of
oils in further study. MEs comprising oil almond
oil, LO and WO were denoted by RB-AO-ME, RB-
LO-ME, and RB-WO-ME respectively.

In vitro characterization:

The final formulation was characterized for
appearance, globule size, Polydispersity Index
(PDI), zeta potential, drug content, saturation
solubility of RB, pH and stability to dilution and
centrifugation.

Appearance: The final MEs were visually observed
for an appearance like color and transparency.

Centrifugation study: Final ME formulations
were centrifuged at 6000 xg for 15 min and
observed for phase separation.

Dilution potential: Final ME formulations were
diluted 100 times with double distilled water
and kept for 48 h. After 48 h, the samples were
checked for visual signs of precipitation and phase
separation.

Globle size, PDI and zeta potential: Globule size,
PDI, and zeta potential of final ME formulations
were determined by using a nanoparticle analyzer
(SZ-100 Nanopartica, Horiba Scientific, India).
All the ME formulations were suitably diluted with
distilled water. All measurements were carried out
at a temperature of 25° and in triplicates.

Saturation solubility of RB in the microemulsion:
The saturation solubility of RB in the final MEs
was determined similarly as per the method
described in the solubility study.

Drug content: The drug content was determined
by the RP-HPLC method. The HPLC system
consisted of a pump, UV detector, and Pearless
C18 column (250 mmx*4.6 mm, 5 p, Chromatopak,
India). The mobile phase was composed of water
(adjusting to pH 3 with 85 % phosphoric acid) and
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acetonitrile (85:15, v/v). The flow rate was set at
1 ml/min at 25° with a run time of 10 min. The
elution was monitored at 225 nm wavelength using
a UV detector (Jasco UV 1575). Final MEs were
diluted suitably using methanol and centrifuged
at 10 000 rpm for 15 min. The supernatant was
injected into the HPLC system analysed atA 225
nm.

Measurement of pH: The pH of final ME
formulations was determined using a digital pH
meter (Toshniwal Process instruments Pvt. Ltd).
at room temperature. The solutions (1 % and 5 %
v/v) of final MEs in distilled water were prepared
for pH determination. The study was performed in
triplicates.

In vitro drug release study:

The release of RB from all ME formulations was
determined by using the dialysis bag method with
modifications!®. Briefly, the dialysis membranes
were activated in phosphate buffer pH 7.4 for
12 h before the experiment. One end of each
membrane was tightly tied using thread. The pure
drug dispersed in phosphate buffer (5 mg) and ME
formulations (equivalent to 5 mg) were transferred
to dialysis bag prepared. Other ends of the
membrane were tied tightly with thread to prepare
the sac. The sacs were immersed in the dissolution
vessels of the United States Pharmacopeia Type
Il dissolution apparatus (Electrolab dissolution
apparatus) containing 500 ml of phosphate buffer
pH 7.4, maintained at a temperature of 37°+1° with
a constant stirring speed of 100 rpm. Aliquots were
withdrawn from dissolution media at predetermined
time intervals (0, 5, 15, 30, 60, 120, 240 and 360
min) and replaced with the same volume of fresh
medium to maintain the sink condition. Aliquots
were analyzed using a UV spectrophotometer at
A 225 nm.

max

Ex vivo permeability study:

Ex vivo permeation study of RB-loaded ME
formulations and RB solution was carried out
by using the non-everted gut sac method?".
Approximately 5 cm long intestinal tracts with an
internal diameter of 0.5 cm were cut to prepare
the intestinal sacs. Sacs were washed using Krebs-
Ringer Phosphate buffer saline solution pH 7.4.
Each sac was tied tightly with a thread at one end
and filled with RB solution (containing 2.5 mg
RB) or ME formulations (equivalent to 2.5 mg
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RB) in each sac using a micropipette and tied with
thread. Each sac was placed in dissolution vessel
containing 250 ml of Krebs-Ringers Phosphate
buffer saline solution pH 7.4 (sodium chloride
(0.67 %, w/v), potassium chloride (0.034 %, w/v),
magnesium sulphate (0.059 %, w/v), calcium
chloride (0.011 %, w/v), sodium dihydrogen
phosphate (0.234 %, w/v) and glucose (0.18 %,
w/v) in distilled water) maintained at 37°£1° at 50
rpm!®l. Aliquots were taken at time intervals of 5,
15, 30, 45, 60, 120, 180 and 240 min and replaced
with fresh Krebs Ringer’s phosphate buffer saline
solution pH 7.4. Samples were analysed by using a
UV spectrophotometer at a detection wavelength of
225 nm. The cumulative amount of RB permeated
per unit area (mg/cm?) was calculated. The steady-
state flux (Jss) (mg/cm’h) was calculated!®.
The experiment was performed in triplicate for
statistical significance.

Statistical analysis:

All results are reported as mean+standard deviation
(n=3). For statistical data analysis GraphPad Prism
8 (San Diego, CA, USA) was used. Statistically
significant differences between permeation
results were determined using one-way Analysis
of Variance (ANOVA) at the level of p<0.05
considered significant.

RESULTS AND DISCUSSION

The saturation solubility of RB in various oil,
surfactants, and co-surfactants/solubilizers was
determined and depicted in fig. 1. Amongst all
oils, RB showed the highest solubility in Capmul
MCM (~27 mg/ml). Furthermore, the solubility in
remaining oils was found to be less than 2 mg/ml
including functional oils such as LO (0.8529 mg/
ml), WO (1.1275 mg/ml), and AO (0.7176 mg/ml).
The solubility of RB in surfactants was found in
the range of 5 to 12 mg/ml. The decreasing order
of solubility as Kolliphor EL>Labrasol>Tween
80>Tween 20. Ethanol and glycerol showed the
highest solubility of the RB (>40 mg/ml) amongst
all excipients used. The decreasing order of
solubility of RB in co-surfactants was observed
as Ethanol>Glycerol>Transcutol P>PEG 400.
However, the selection of components was done
based emulsification study.

An emulsification study was performed and we
have found that LO, WO and AO alone were very
difficult to emulsify with surfactant. This may be
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due to the inability of surfactants to enter into long
chains of oil which leads to poor emulsification®”,
Hence, these oils were blended with Capmul MCM
in different ratios of 1:1, 2.5:7.5 and 1:9 v/v, and an
emulsification study was performed again. Though
the oil blend comprising a 1:1 volume ratio has
showed phase separation with surfactants, the
remaining blends were successfully emulsified
by surfactants. Labrasol ALF showed poor
emulsification potential with all oils. Kolliphor
EL performed well and emulsified oils to a greater
extent than other surfactants (fig. 2). However,
intending to keep a greater proportion of oil in
the end product, we decided to go ahead with the
2.5:7.5 ratio for further studies which is denoted
by the oil blend concerning all oils. Based on
SE, Kolliphor EL was selected for CSE. Though
glycerol has shown good solubility of the drug, it
was inefficient for supporting and improving the
emulsification by Kolliphor EL and shown phase
separation in all oil blends. Similarly, PEG 400
was found inefficient in emulsifying WO and LO
but emulsified AO well. Ethanol and Transcutol
P were found to be emulsifying all oil blends to
a greater extent than other co-surfactants (fig.
3). For further study, Kolliphor EL was selected
as a surfactant while Transcutol P was a co-
surfactant based on their emulsification potential.
Additionally, the P-gP efflux inhibition shown by
Transcutol P and Kolliphor EL could be beneficial
for enhancing drug transport and improving brain
targetingl6%:69,

Pseudo ternary phase diagrams were constructed
to identify the microemulsion region and to
optimize the concentration of selected components
for final formulation. It was observed that the
microemulsion region increased with an increasing
ratio of S:CoS from 1:1 to 3:1 (w/w) as depicted in
fig. 4. This can be attributed to the higher amount of
surfactant available in the system for emulsifying
the oil efficiently”. Transcutol P as co-surfactant
showed a greater microemulsion area as compared
with the Ethanol. This is due to the role of medium
chain length alcohols (Transcutol P), which can
improve the flexibility of the hydrocarbon tail
while also allowing for greater oil penetration
into the hydrocarbon areal’”. Additionally, it was
observed that AO showed less microemulsion
region as compared with LO and WO. The pseudo
ternary phase diagram with a 3:1 w/w ratio of
S:CoS revealed a greater ME region and hence it
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was selected for further studies.

This study was performed to determine the effect
of oil concentration and S:CoS concentration on
the globule size of the final formulation. The
effect was assessed by changing one factor at a
time. It was observed that an increase in the oil
concentration led to an increase in globule size and
vice versa keeping S:CoS concentration constant
(fig. 5a and fig. 6a). Furthermore, a decrease in
globule size was observed upon increasing the
S:CoS concentration constant (fig. 5b and fig. 6b).
However, the increase or decrease in globule size
was not that much variable, and hence the higher
oil loading with appropriate S:CoS concentration
was considered as final formulated which further
might not need optimization. Based on these
studies the composition of the final formulation

was finalized, prepared as mentioned in the
methods, and characterized further.

All formulations were found to be colorless, clear,
and transparent. The globule size of both blank and
drug-loaded formulations was below 20 nm which
is desired for improved transport across biological
membrane and brain targeting®). Drug loading did
not significantly change the globule size and PDI. A
lower PDI value was observed for all formulations
which indicated the uniformity of globule size. No
phase separation, signs of precipitation or visual
changes were observed upon centrifugation as
well as dilution. All the formulations have shown
good solubility of RB (>50 mg/ml). The globule
size, PDI, zeta potential, drug content, saturation
solubility, and pH of all formulations is presented
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TABLE 1: GLOBULE SIZE, PDI, ZETA POTENTIAL, SATURATION SOLUBILITY AND pH OF FORMULATIONS

. Globule size Zeta potential Saturation
S No. Formulation (nm) PDI (mV) Drug content solubility (mg/ml) pH
1 RB-LO-ME 17.13:0.15  0.057+0.01 -30.13:0.85  97.28+1.38 68.20+2.78 6.13+0.01
2 RB-AO-ME 17.03:0.30  0.078+0.02  -29.53:0.70  97.70+0.94 70.27+0.45 6.20+0.01
RB-WO-ME 16.63:0.05 0.062+0.02 -30.10+0.91  98.03£1.40 98.96+2.48 5.99+0.08
in Table 1. first hour, approximately 50 % drug was released

In vitro drug release study was performed to
evaluate the drug release from the formulations.
The release profile of RB from all formulations
and drug solution in phosphate buffer pH 7.4 is
shown in fig. 7. All formulations showed a higher
drug release that can be attributed to the higher
solubility of the drug in aqueous media. RB-LO-
ME, RB-AO-ME, RB-WO-ME, and RB solution
showed 89.18+6.88 %, 91.12+9.3%, 101.23+8.61
%, and 103.50+7.28 % drug release at the end of 6 h
respectively. Initial faster drug release followed by
a slower rate of drug release was observed. In the
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from all formulations whereas 66.80+£3.07 % drug
released from drug solution. All three formulations
exhibited sustained drug release when compared
to pure drug solution. The data obtained from
the in vitro drug dissolution study was fitted into
different kinetic models such as zero order, first
order, Higuchi, Korsmeyer-Peppas and Hixson
Crowell model and drug release kinetic correspond
to drug-loaded formulations was depicted in Table
2. The regression coefficients of all formulations
were compared. The results revealed that all
formulations followed the Higuchi model whereas
plain drug solution was fitted into the Hixson
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Crowell model. In ME formulations, the drug
diffuses from the internal phase (globules) to
a continuous medium before crossing through
the membrane. Drug release from formulation
follows the Higuchi model i.e., from matrix
systems due to the higher surfactant concentration
and higher viscosity’!. The ME formulations
were compared with plain drug solution for drug
release profile and the similarity factor (f2) was
calculated. The f2 value was found to be 41, 46,
and 37 for RB-LO-ME, RB-AO-ME, and RB-
WO-ME respectively which indicated that the
drug release from the optimized formulations was

different than release from plain drug solution.
No significant differences were observed in the
release behavior of all ME formulations which
may be due to a similar composition comprising
the same excipients and drug. The rate of drug
release from the microemulsions was slower than
that of the plain drug solution (Table 3). RB,
being a hydrophilic drug, dissolves and releases
drug faster as compared to its microemulsion
formulation, wherein, the oil phase acted as a
reservoir for the drug and retarded the drug release
due to its association with surfactant and drug.
This association could lead to slower drug release
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Fig. 7: In vitro drug release in Phosphate buffer pH 7.4

Note: (@ ): RB-LO-ME; (-®- ): RB-WO-ME; (——): RB-AO-ME and (—¥): RB solution

TABLE 2: DRUG RELEASE KINETICS MODEL FITTING

Formulation Zero order First order Higuchi model Ko;s;n;gger Hixson crowell
RB-LO-ME 0.7791 0.8983 0.9400 0.8772 0.8926
RB-AO-ME 0.7493 0.8735 0.9123 0.9016 0.836
RB-WO-ME 0.8906 0.9725 0.9852 0.9279 0.9499
RB Solution 0.6853 0.8054 0.8816 0.8562 0.9329

TABLE 3: IN VITRO DRUG RELEASE AND EX VIVO PERMEATION STUDY

Drug release (%)

Cumulative drug permeated (%)

Time (min)

RB-LO-ME  RB-AO-ME RB-WO-ME RB-LO-ME  RB-AO-ME RB-WO-ME RB
5 16.41+1.23 13.67+2.15 12.81+1.85 19.65+0.16 5.46+0.01 6.06+0.006 6.72+0.01 3.81+0.01
15 16.57+1.24 13.80+2.17 12.94+1.86 19.84+0.16 5.57+0.01 6.18+0.01 6.86+0.01 3.88+0.02
30 35.20+£2.59 38.70+11.49 28.90+0.23 52.74+1.89 18.69:0.04 18.79:0.04 19.07:+0.04 11.51+0.03
60 51.25£1.93 46.80+5.68 45.51+6.20 66.80+3.07 40.93:0.09 40.60:0.07 41.36+0.13 34.98+0.06
120 73.61+4.84 84.00+5.39 66.83+4.77 98.46+7.90 54.33:x0.10 54.43:0.07 54.98:0.11 44.71:0.08
240 78.98+6.16 89.57+5.03 90.02+3.66 102.0+6.25 65.71+0.08 66.71+0.10 68.49+0.10 51.59+0.03
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observed from microemulsion formulation than
the drug solution.

The ex vivo permeability study was performed
in a non-everted gut sac model using a goat
intestine’”. The permeation profile of all RB
formulations and solution showed in fig. &.
Optimized ME formulations RB-LO-ME, RB-
AO-ME, and RB-WO-ME showed higher steady-
state flux 0.881+0.030 pg/cm?h”’, 0.893+0.039
pg/cm’ht, and  0.9063+0.025 png/cm*h!
respectively than RB solution 0.716+£0.018 pg/
cm’h’!. Enhancement in the flux of RB-LO-ME,
RB-AO-ME, RB-WO-ME was observed as 1.23,
1.25, and 1.27 folds respectively as compared
with the RB solution. The results revealed that
significant (p<0.05) enhancement in the flux from
all ME formulations when compared with pure
drug solution. Also, all three formulations had
shown more than 65 % drug release whereas the
pure drug solution has about 51 % drug release at
the end of 4 h. The system components also exhibit
properties like inhibition of P-gP efflux pump by
Kolliphor EL and Transcutol P that could lead
to enhancement in permeability along with other
multiple factors like smaller globule sizel®:6%72],
lipophilic nature of the microemulsions, etc.,!.
When compared with in vitro drug release, it was
observed that though RB solution exhibited the
highest drug release, the flux exhibited by the same
was the lowest. The improvement in permeability
concerning to slower drug release can be attributed
to the use of functional components which
can assist transportation across the biological
membrane. Furthermore, upon generating in

250
200
150

100

per unit (ig/cm2)

50

Cumulative amount of drug permeated

vitro-ex vivo correlation by plotting cumulative
drug release (%) vs cumulative drug permeated
(%), we observed a more linear behavior of all
ME formulations over RB solution based on the
regression coefficient (fig. 9). RB-LO-ME and RB-
WO-ME exhibited R? greater than 0.98 whereas
RB-AO-ME exhibited R? around 0.95 as compared
to RB solution (R? of around 0.93). Here in this
study, all the components were kept constant and
oils were varied to check their influence on drug
release as well as permeation. We observed that the
WO exhibited better drug release and permeation
followed by AO and LO. Nonetheless, this can
be correlated with the PUFA content of the oil
wherein WO comprised the highest percentage of
PUFA (~70 %) which could help in transportation
and improving permeation by the general pathways
of absorption of PUFA oils?®". The higher flux of
formulations may be due to the higher content
of fatty acids in PUFA oils and oil also act as a
permeation enhancer!’’], Fatty acids improve the
permeability of hydrophilic drugs via dilating tight
junctions and altering the cytoskeleton of intestinal
epithelial cells. Permeability increases may be due
to the excipients properties such as Kolliphor EL
disrupting the intestinal barrier and Transcutol P
altering the intestinal membrane fluidity!’®’"). This
sustained drug release with improved permeation
could further help in achieving the enhanced
bioavailability followed by drug delivery to
the brain based on the fact that BBB has unique
transporters for PUFA which can help in achieving
brain targeting for CNS ailmentst®'l. Nevertheless,
the findings need to be assessed in suitable animal
models.

Time (min)

Fig. 8: Ex vivo permeation study

Note: (—®— ): RB-LO-ME; (—— ): RB-WO-ME; (—&— ): RB-AO-ME and (—*— ): RB solution
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RB-LO-ME: y =0.9325x - 10.494, R?=0.9853
RB-AO-ME: y =0.7577x - 4.0547. R*=0.9510
RB-WO-ME: y =0.8313x - 2.6937, R?=0.9809
RB Solution: y =0.5687x - 8.9926. R>=0.9371

8 8 & & & 3

Cumulative drug permeated (%)

[
=]

0 20 40

60 80 100 120

Cumulative drug released (%)

Fig. 9: In vitro-ex vivo correlation
Note: (—®—): RB-LO-ME; (—#— ): RB-AO-ME; (

In the present study, we have developed three
micro emulsions comprising three different
functional oils named LO, almond oil, and WO
respectively. Initially, the components were
screened based on the pre-formulation studies
comprising of solubility study, emulsification
study, and generation of the pseudo ternary phase
diagram. Further, the effect of Smix concentration
and oil concentration was determined by changing
one factor at a time and the final composition of
the formulations was determined. Furthermore,
the formulations were characterized for globule
size, PDI, zeta potential, pH, drug content, and
stability to centrifugation and dilution. The final
formulation showed globule size below 25 nm
which can help in proving the transport of drug
across the cell membrane. /n vitro drug release was
performed which showed that all the formulations
were following the Higuchi model whereas pure
drug was following the Hixson Crowell model
for drug release. Ex vivo permeation revealed
improvement in flux when compared with pure
drug. In vitro and ex vivo correlation revealed
that all ME formulations exhibited a more linear
correlation than the pure drug solution. The main
aim of this study was to develop functional micro
emulsions for improving the permeation of drug.
This study revealed the great potential of developed
micro emulsions for improving dissolution as well
as permeation which is one of the requirements for
improving bioavailability.
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