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Abstract:

SLN will be an alternative drug delivery system for poorly water-soluble drugs Efinaconazole to enhance the
bioavailability and therapeutic response of drug. The poorly water-soluble drugs Efinaconazole was successfully
incorporated into SLN by the hot homogenization and sonication process. The inwitro test confirmed the drug
retention and prolonged the drug dissolution with slow release. Drug release from the SLN was highly influenced
by the type and concentration of lipid and surfactant. Based on the in vitro and in vivo results, it was observed
that SLN incorporated in combination of Efinaconazole with palmitic acid (A5andA6) was physiologically safe
and also exhibited sustained release until 12 hours. The selected formulation of Efinaconazole (EF1-EF8) which
was formulated using Palmitic acid and Tween-80 newline.

Keywords: Development, Evaluation, Nanoparticle-Based Drug Delivery Systems, Enhanced Solubility and
Bioavailability.

INTRODUCTION

Currently, one of the primary challenges faced by the pharmaceutical industry is the poor water
solubility and insufficient bioavailability of drugs. Current data suggest that approximately 40% of
commercially available pharmaceuticals, as well as a significant majority of investigational drugs,
struggle with low solubility. The difficulties in dissolving and releasing poorly soluble drugs have
restricted the bioavailability of oral solid dosage forms the most widely used and patient-compliant
method of drug delivery hindering the development and application of many new compound drugs.
Due to low bioavailability, patients need to consume higher drug dosages to achieve the desired
therapeutic effects. However, increasing the dosage can result in more side effects, potentially
harming the physical and mental health of patients and decreasing their medication compliance. The
issue of low water solubility not only poses significant challenges to medical development but can
also lead to various clinical problems, such as variability in patient responses, difficulty in maintaining
a safe therapeutic index, increased costs, and the potential risk of toxicity or inefficacy (1, 2).
Therefore, effectively addressing the poor solubility and low bioavailability of drugs has always been
a focal point and a significant challenge in pharmaceutical and medical research. To overcome these
issues, the development of Nanomedicine delivery systems, as an innovative drug delivery strategy,
has emerged, breaking through the traditional bottlenecks associated with the solubility and
bioavailability of drugs. Nanomedicine delivery systems primarily encompass two fundamental
aspects: Firstly, based on pathological changes, these systems can precisely transport drugs to the
specified lesion sites, thereby maximizing therapeutic effectiveness and significantly reducing damage
to healthy tissues. Secondly, they can control the rate of drug release, ensuring that drug
concentration in the blood remains within a safe and effective range, thus mitigating or avoiding
toxic and adverse reactions (3-5). Composed of nanoparticles smaller than 100 nanometers, these
delivery systems feature high permeability and potent retention effects, enhanced drug solubility,
multifunctionality, controlled drug release mechanisms, and specific targeting capabilities towards
diseased cells. Through nanotechnology-based structural modifications of drugs, these systems not
only achieve precise control over drug release and increase drug stability but also prevent premature
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degradation of the drug molecules before reaching the lesion, thereby enhancing bioavailability and
prolonging circulation time of the drug (6).

MATERIAL AND METHODOLOGY

1.1 Preformulation Study

Preformulation study, Nano particle preparation, bio availability study design and data handling,
optimization of bio analytical methods for the estimation of Efinaconazole in rat plasma samples,
standard and sample solutions, in vitro dissolution methods, in vivo data analysis, and statistical
analysis of pharmacokinetic data are covered in this chapter. General Preformulation includes all
actions and investigations needed to transform an active pharmacological ingredient into an
appropriate dosage form. The physical and chemical characteristics of a drug substance alone and
with excipients are studied. Thus, Nano particle assessment, in vitro dissolving technique
development, and drug-excipient compatibility were determined in this study (7).

1.2 Formulation Development of Efinaconazole SLN

High-shear hot homogenization and ultra-sonication produced Efinaconazole-loaded SLN. Stearic
acid, Glycerylmonostearate, and palmitic acid were mixed with surfactants (1% and 2%). To dissolve
medicinal fat, Efinaconazole was combined with lipid and soya lecithin in an organic phase and
heated to 70°C. Similar temperatures were applied to the surfactant-containing aqueous phase. Later,
heated lipid solution was added and homogenized with a mechanical stirrer for 30 minutes to create
a transparent solution. Sonicating the solution for 25 minutes produced equally sized SLN. This
standard process was used to create SLN with variable lipid and surfactant amounts as shown in table
1. Cosurfactant concentration was constant throughout formulations.

Table 1 The formula for the preparation of Solid lipid Nanoparticles of Efinaconazole

Drug The Co Emulsifyin Concentration
Formula | % Lipid concentration | surfactant Arnu tSl e of Emulsifying
w/w of Lipid % w/w | %w/w gent name Agent %w/w
Stearic
F1 0.1 Acid 1 0.5 Tween 20 1
Stearic
F2 0.1 Acid 1 0.5 Tween 20 2
F3 0.1 GMS 1 0.5 Tween 20 1
F4 0.1 GMS 1 0.5 Tween 20 2
Palmitic
F5 0.1 Acid 1 0.5 Tween 20 1
Palmitic
F6 0.1 Acid 1 0.5 Tween 20 2
Stearic
Bl 0.1 Acid 1 0.5 Tween 40 1
Stearic
B2 0.1 Acid 1 0.5 Tween 40 2
B3 0.1 GMS 1 0.5 Tween 40 1
B4 0.1 GMS 1 0.5 Tween 40 2
Palmitic
B5 0.1 Acid 1 0.5 Tween 40 1
Palmitic
B6 0.1 Acid 1 0.5 Tween 40 2
Stearic
Al 0.1 Acid 1 0.5 Tween 8 0 1
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Stearic
A2 0.1 Acid 1 0.5 Tween 80 2
A3 0.1 GMS 1 0.5 Tween 80 1
A4 0.1 GMS 1 0.5 Tween 80 2
Palmitic
A5 0.1 Acid 1 0.5 Tween 80 1
Palmitic
A6 0.1 Acid 1 0.5 Tween 80 2

1.3  Characterization of SLN of Efinaconazole

1.3.1 Infrared studies (FTIR)

Efinaconazole and lipid compatibility was investigated by FTIR spectroscopy of their physical
combinations. Infrared investigations were done on physical combinations at 4000-400 cm-1.
Efinaconazole basic functional group skeleton was investigated (8).

1.3.2 Particle size and zeta potential

The Efinaconazoleloaded SLN particle size was measured by DLS in a Zetasizer 9DTS. To assess
preparation uniformity, SLN Polydispersity index (PDI) was investigated. Particle size analysis by zeta
sizer included surface charge (9).

1.3.3 Entrapment efficiency

Centrifugation measured free unloaded medication in the formulation. The formulation was
centrifuged at 10,000 RPM to separate the supernatant. The supernatant contains the formulation's
unloaded drug, which was measured spectro-photometrically, and entrapment efficiency was
examined (10).

1.3.4 Morphology of SLNs

SLNs' exterior topography was studied using scanning electron microscopy (Hitachi, Japan). Samples
were distributed on the conducting stub for electron-focused imaging.

1.3.5 Drug Content

Blank comparable to SLN common weight was used to assess drug content. Drug was extracted in
water for 6 hours after weighing sample. Filtered solution absorbance at 238nm was used to measure
Efinaconazole (11).

1.3.6 Powdered x-ray diffraction study

Continuous scan mode was used for SLN X-ray analysis, with a sample width of 0.010, (2) and a
scanning speed of 10/min. Expert proanalytical diffractometer evaluated at 30kv and 15mA. The
samples were tested from 0-1000 (12).

1.3.7 Transmission electron microscopy (TEM)

TEM measured particle exterior electron topography. To evaluate morphology, drug-loaded SLN were
finely disseminated over phosphotungsic acid/2% conducting slab.

1.3.8 Stability studies

SLNs loaded with Efinaconazole were analysed for stability after 6 months of storage at room
temperature (28+2°C) and refrigerated at 3-5° C. After storage, SLN average size, surface charge, EE,
and PDI were examined (13).

1.4 Loading of SLNs in hard gelatin capsules

The selected Efinaconazole loaded SLN was chosen for further studies and lyophilized to form free
flowing powder. The powdered SLN was filled into size 4 hard gelatin capsules containing
10mg/20mg equivalent of Efinaconazole (14).

1.5  Evaluation of optimized capsules (15-19)

1.5.1 Uniformity of weight

Twenty capsules filled with Efinaconazole loaded SLN was weighed individually and their mean was
calculated. The standard deviation of the capsules was also calculated. The capsules were considered
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to pass the test only if not more than two capsules exceed the mean weight over >10%, and none
deviate over >20%.

1.5.2 Disintegration test

Disintegration test was conducted in standard disintegration apparatus. One capsule was placed in
each tube and disc was added on top of it. The basket rack assembly suspended in the beaker
containing the liquid medium and the time taken for the capsule to completely disintegrate was
recorded.

1.5.3 Drug content

Five samples were selected randomly and their average weight was calculated. The contents of the
capsules were completely transferred into volumetric flask containing pH 6.8 phosphate buffer and
left over night. 1 ml of the solution was diluted to 100 ml in a separate standard flask and the amount
of drug present in the solution was determined at UV spectroscopy at 238nm.

1.5.4 Drug Dissolution release studies

In vitro drug dissolution of capsules with an equivalent weight of 10mg and 20mg incorporated with
Efinaconazole SLN was performed by placing the capsules basket apparatus. The dissolution was
carried out at 37.5°C at 50 RPM. Samples were taken from the dissolution jar at specific intervals
and replaced with dissolution medium and API released was estimated by UV spectroscopy at 238nm.
1.5.5 Stability studies

The Efinaconazole loaded SLNs capsules were stored at ambient temperatures for 6 months and
average particle size, zeta potential, EE and PDI have been determined.

1.6 In- Vivo Study

The Pharmacokinetic Behaviour of drug loaded SLN (Efinaconazole loaded) were investigated in rats.
The formulations were orally administered and the comparison were made with respect to the API
suspension of the respective drugs (20).

The rats were randomly divided into the following eight groups

Group I - Normal Control

Group II - Disease Control

Group III - SLN Formulation with Efinaconazole SLNs formulation EF2

Group IV - SLN Formulation with Efinaconazole SLNs formulation EF6

Group V - Free drug Efinaconazole as suspension

RESULT AND DISCUSSION

1.7 Preformulation Study

1.7.1 Physical description

Efinaconazole was observed for colour, Odour and physical state. It was observed that the sample was
off white, odorless, and crystalline.

1.7.2 Melting point

Capillary technique determined Efinaconazole melting point. One-ended capillary tube with 3mm
Efinaconazole was filled. Capillary was added to the digital melting point equipment. The melting
point was measured from medication melting to sample melting. With breakdown, melts at 225 °C.
1.7.3 Determination of Amax of Efinaconazole Drug

The 10 mg medication was precisely weighed and dissolved in methanol, then filled to 100 ml with
a volumetric flask. After pipetting 1 ml of this stock solution into two 10 ml volumetric flasks, volume
was increased to 10 ml. A UV-visible spectrophotometer scanned the fluid between 200 and 400 nm.
Fig 1 shows a Amax of 285nm.
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Figure 1 Amax determination by UV-Visible spectrophotometer

1.7.4 Drug-excipients compatibility

Compatibility study is one of the most important factors in determining polymeric delivery
effectiveness. Compatibility between drug and polymers due to interaction with no changes chemical
and physical properties of the drug because each drug has its unique chemical and physical properties.
Compatibility between drug and polymers is determined by various methods, such as Differential

Scanning Calorimetry (DSC), powder X-ray diffraction, Fourier Transform Infrared Spectroscopy
(FTIR) etc.
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Figure 2 Reference FT IR spectra of Efinaconazole
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Figure 3 FTIR spectra of Efinaconazole (API)

The identification of pure drug (Efinaconazole) is performed with the help of FTIR spectroscopy. A
comparative IR spectrum of pure Efinaconazole and reported reference spectrum Fig. 2 and 3 were
found to be almost similar.
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1.8 Preparation and Characterization of Efinaconazole SLNs

The selected Efinaconazole SLN formulations were formulated with varying concentration
of Palmitic Acid and was shown in the table below

Table 2 Composition of Selected Efinaconazole SLN formulation of using Emulsifying Agent Tween
80 and Palmitic Acid

Drug Concentration | Emulsifying | Concentration Cfoncentratlon
Formula | % Lipid of Lipid % | Agent of Emulsifying © factant
w/w w/w name Agent %w/w cosurfactan
%ow/w
Palmitic
EF1 0.10 ) 0.5 Tween 80 2 0.5
Acid
Palmitic
EF2 0.10 ] 1.0 Tween 80 2 0.5
Acid
EF3 0.10 | Palmitic | 5 Tween 80 | 2 0.5
Acid
Palmitic
EF4 0.10 . 2.0 Tween 80 2 0.5
Acid
Palmitic
EF5 0.20 ] 0.5 Tween 80 2 0.5
Acid
Palmitic
EF6 0.20 . 1.0 Tween 80 2 0.5
Acid
Palmitic
EF7 0.20 ) 1.5 Tween 80 2 0.5
Acid
EFS 020 | Palmite ] o Tween 80 | 2 0.5
Acid
1.8.1 FTIR study of selected Efinaconazole SLN Formulation
Table 3 FTIR study of selected Efinaconazole SLN Formulation
Observed(cm™1) Reported (cm™1) Inference
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Figure 4 FTIR Spectrum of Pure Drug Efinaconazole
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Figure 5 FTIR Spectrum of Efinaconazole SLN Formulation EF2
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Figure 6 FTIR Spectrum of Efinaconazole SLN Formulation EF6

1.8.2 Particle size, Entrapment Efficiency, PDI, zeta potential of Efinaconazole loaded SLN
formulations

The nanoparticle characterization parameters were mentioned in the table. The particle size was in
the Nano range and was ranging from 191nm to 237 nm. Maximum EE was observed in the
formulation EF6. All the particle exhibited negative surface charge around -36mV to -39mV. A similar
trend was observed in the particle size and EE. The increased concentration of the tweens has
increased the EE and decreased the particle size. Meanwhile, among the polysorbates used, tween 80
exhibited particles with smaller particle size and higher EE.

Table 4 Average particle size, zeta potential, Entrapment efficiency and PDI of Efinaconazole loaded
SLN formulations

Formulation | Particle size PDI Zeta  potential | Entrapment
code (nm) (mV) efficiency (%)
EF1 238.61 +2.95 | 0.262+0.062 -37.6 £ 1.024 73.8+1.55
EF2 233.70+3.13 0.274+0.045 -28.1 £2.035 76.8+1.35
EF3 235.11 £0.93 | 0.369+0.036 -39.4 + 1.330 72.4+4.35
EF4 236.3 £ 1.89 0.365+0.044 -37.6 £ 2.065 71.3£2.45
EF5 234.9 + 3.96 0.371£0.052 -39.2 £ 2.064 72.5+0.45
EF6 191.9 +3.23 0.270+0.056 -31.1 £ 1.050 77.9+0.55
EF7 235.0 + 1.89 0.363+0.058 -39.0 £ 2.350 73.7£2.30
EF8 237.6 £1.92 0.375+0.052 -39.0 + 1.035 71.843.45

*Data expressed as mean + SD n=3
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1.8.3 In-vitro Release Profile of selected batches of Efinaconazole drug loaded with Tween 80
and Palmitic Acid

Selected batches of Efinaconazole drug loaded with Tween 80 and Palmitic Acid shown 30% of drug
release for all the batches within Thour. There was 60% drug release was released slowly over a period
of 6 hours. The batch EF1 shows about 77% of the Efinaconazole drug released at the end of 12
hours. From the figure, it observed that EF2, EF6 shows a drug release of 75% at the end of 12 hours.
The increased lipid content material decreased the cumulative release, which is in support with the
earlier reports. The packing density of lipid molecules increased and as a result release is decreased.
All the SLN formulations exhibited a burst type drug release in the first hour of dissolution and 30%
of the release was observed. At the end of 6hrs 60% of drug release was observed from the
formulations. Meanwhile, EF1 showed about 77% of Efinaconazole released at the end of 12 hours.
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Figure 7 In-vitro Release Profile of Efinaconazole for selected batches of Efinaconazole loaded SLN
formulations

1.8.4 Scanning electron microscopy (SEM)

The SEM studies were conducted to identify the topography of prepared SLN. Upon high
resolution scanning, the SLN were observed to possess spherical morphology.

2N &

Figure 8 Scanning electron microscopy of Efinaconazole SLN EF2 (Containing Tween 80, Palmiic
acid and drug concentration - 100 mg)

Figure 9 Scanning electron microscopy of Efinaconazole SLN EF6 (Containing Tween 80, Palmitic
acid and drug concentration - 200mg)
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1.8.5 Powdered X ray diffraction studies of selected Efinaconazole formulations

Powder X-ray analysis, of the Efinaconazole exhibited highly intense peaks and were characteristic of
the APIL. Prominent peaks of pure drug Efinaconazole were observed at 20 of 24, 93, 139, 162, 185,
208 and 231 were highly intense and indicated the crystalline nature. Whereas, in the prepared
Efinaconazole SLN, the characteristic peaks of APl were less intense. In addition, few low intense
peaks were absent in the SLN, namely only one peak of pure drug at 162 to 350 was observed. These
results clearly indicate the conversion of Efinaconazole to amorphous form. The similar results were
observed in EF2, EF6 all the formulations of Efinaconazole indicating that the SLN preparation has
resulted in the conversion of crystalline drug to its amorphous form.

f
l d-' v‘-o |‘J\J‘U l Ma&**&‘—"-wﬂﬁm--o.—

Figure 10 Powder X-ray Diffractions of Pure drug sample Efinaconazole

Figure 11 Powder X-ray Diffractions of selected Efinaconazole EF2 formulation

Figure 12 Powder X-ray Diffractions of selected Efinaconazole EF6 formulation
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1.8.6 Transmission electron microscopy (TEM)

The TEM technique was used to analyses the morphology of prepared SLN. During TEM analysis,
the particle was non-sticky to each other and were spherical shaped. It also confirmed that the
prepared particles were of Nano range of 50-100 nm and in spherical shape.

=

Figure 13 Transmission electron microscopy (TEM) of selected Efinaconazole EF2 formulation

——

Figure 14 Transmission electron microscopy (TEM) of selected Efinaconazole EF6 formulation
1.8.7 Stability Study

The prepared SLN were stored at room temperature (28+2°C), refrigerated at 3-5° C for 6 months.
To evaluate its stability. All the optimized formulations were stored in bottles and subjected to above
mentioned temperatures at earlier mentioned temperature ranges. At the end of six months, the
formulations were removed and evaluated for particle size and PDI. No marked difference in PDI
and particle size was observed after 6 months and was mainly due to the lipid transition in the
formulations and steric effect of Tween- 80 which enhanced the formulation stability.

Table 5 Stability Study data for the Formulation at initial, 3 and 6 months at room temperature and
refrigerator temperature

In-
Storage Formulation Duration Zeta Zeta vitro Entrapment
condition | code uration | ze potential | PDI | drug efficiency
release
Day 1 238.71 | -39.0 0.263 | 77.73 73.8
Room tem | EF1 Day 90 239.87 | -39.4 0.263 | 75.43 72.4

Day 180 | 245.87 | -39.8 0.262 | 76.33 | 71.6

Day 1 233.16 | -34.40 0.369 | 75.80 | 76.8
Room tem | EF2 Day 90 226.11 | -34.5 0.383 | 7444 | 754
Day 180 | 238.87 | -34.87 0.394 | 73.21 | 75.02
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Day 1 234.41 | 38,5 0.371 | 75.73 72.5
Room tem | EF5 Day 90 235.22 | -38.7 0.394 | 74.42 | 71.64

Day 180 | 236.87 | -39.88 0.399 | 74.34 | 70.36

Day 1 1919 |-30.2 0.270 | 75.22 | 719
Room tem | EF6 Day 90 238.88 | -31.4 0.273 | 7412 | 764

Day 180 | 239.77 | -32.87 0.281 | 73.36 | 75.2

Day 1 238.71 | -39.2 0.263 | 71.73 73.8
Refri tem | EF1 Day 90 239.54 | -39.7 0.263 | 76.43 73.04
Day 180 | 240.87 | -39.87 0.261 | 76.33 72.69

Day 1 233.71 | -32.44 0.274 | 7580 | 76.8
Refri tem | EF2 Day 90 234.6 | -33.7 0.276 | 75.44 | 15.7
Day 180 | 235.88 | -34.87 0.278 | 74.21 74.9

Day 1 234.71 | -38.0 0.371 | 75.73 | 72,5
Refri tem | EF5 Day 90 235.64 | -39.7 0373 | 7442 | 71.8
Day 180 | 237.8 |-39.87 0.385 | 74.34 | 71.11

Day 1 1919 | -319 0.274 | 75.22 | 719
Refri tem | EF6 Day 90 208.64 | -32.7 0.280 | 75.12 | 77.46
Day 180 | 209.46 | -32.87 0.281 | 74.36 | 76.24

1.9 Selected SLNs loaded in hard gelatin capsules

Considering the stability hurdles, the nanosuspension was converted to lyophilized powder. The
dried SLNs powder of 166mg was filled into 4l size hard gelatin capsules containing 10 mg and 20
mg equivalent of Efinaconazole API.

1.10 Evaluation of loaded capsules

1.10.1 Uniformity of weight

Twenty number of prepared SLN filled capsules were individually weighed. The mean weight of the
capsules was calculated and none of the capsules deviated more than 10% of mean weight.

1.10.2 Disintegration test

Capsules were introduced into the disintegration apparatus, the time for complete disintegration was
recorded and was within permissible limits of 10 minutes and 5 seconds.

1.10.3 Drug content

The drug quantity of SLN filled capsules was investigated using UV method at 238 nm. The
percentage drug content observed had uniformity in their drug content.

1.10.4 Dissolution drug release studies

In~vitro dissolution, of SLN loaded capsules, CN1, CN2, showed drug release of 30-40% in the first
30 minutes. At the end of 6 hours, 12 hours’ drug release was observed to be 67% and 77%-78%
respectively.

Table 6 Evaluation of capsules in SLNs (Mean + SD n=3).

Formulation code Average weight of Drug content (%) Disintegration time
capsules (mg)

EF2 capsules (CN1) 98.7+ 2.02 99.37+0.826 10 min 02 sec+0.032

EF6 capsules (CN2) 97.4 +1.42 98.66+0.826 10 min 05 sec+0.045
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Table 7 Dissolution profile of EF2 capsules (CN1) and EF6 capsules (CN2)

Time of Drug Release CN1 CN2
0.5 30.66+1.33 30.65+3.42
1 43.73+1.64 42.18+2.54
2 54.81+2.56 51.14+2.26
4 60.96+0.13 58.23+3.04
6 66.07+0.48 67.55+1.62
S 74.35+0.44 75.15+1.16
12 78.92+0.52 77.14£2.37
*Data expressed as mean + SD n=3
-mm -~ CN1
—-— CN2
80 - = ———8& |80
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Figure 15 In~vitro Dissolution profile of EF2 capsules (CN1) and EF6 capsules (CN2)
Table 8 In-vitro release kinetics of Efinaconazole SLN'’s loaded in Capsules CN1 and CN2

Formulation  |[Zero [First Korsemeyer- Korsemeyer n [Hixon Higuchi
code order order peppas (Release exp) Crowell  |[Equation
CN1 0.7425 0.8736  [0.98 0.3693 0.9377 0.8389
CN2 0.6976 0.8361  |0.9837 0.4190 0.9058 0.7961

1.10.5 Stability studies

The Efinaconazole loaded SLNs capsule were stored at different temperatures (28+2°C), refrigerated
at 3-5° C for 6 months and average particle size, zeta potential, (EE) and Polydispersity index (PDI)
were determined. The prepared capsules shown all the parameters within the limits of acceptance.

Table 9 Stability Study data for the SLN Formulation loaded in Capsules at initial, 3 and 6 months

at room temperature and refrigerator temperature

Storage Formulation ) Drug . . . . In-vitro drug
. Duration Disintegration time

condition | code content release

Room o2 Day 1 99.7+ 0.02 10 min 08 sec+0.033 | 77.12+ 0.52

tem Day 90 99.07+0.82 10 min 02 secx0.033 | 76.92+ 0.52
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Day 180 | 98.44+0.83 11 min 04 sec+0.038 | 76.08+ 0.54

Day 1 98.7+ 0.03 10 min 02 sec+0.033 | 78.92+ 0.52
Day 90 98.37+0.726 | 11 min 02 sec+0.042 | 78.14+ 2.37

Room
tem

CN1 Day 180 | 97.36+0.728 | 11 min 03 sec+0.032 | 77.14+2.12

Day 1 98.7+2.02 10 min 02 sec+0.033 | 77.12+ 0.52
Day 90 97.07£0.826 | 10 min 06 sec+0.032 | 77.02+ 0.52

Day 180 | 96.44+0.834 | 11 min 02 sec+0.041 | 76.69+ 0.84

Refri tem | CN2

Day 1 98.7+2.02 10 min 02 sec+0.033 | 78.92+ 0.52
Day 90 97.36+0.836 | 10 min 05 sec+0.032 | 78.14+ 2.37
Day 180 | 97.26+0.718 | 11 min 03 sec+0.022 | 77.84+2.02

Refri tem | CN1

1.11 In-Vivo Study

The standard estimation curve method for HPLC corresponding to plasma drug concentration versus
time profile was developed. The Pharmacokinetic parameters were studied using non-compartmental
analysis and was shown in the table 5.30. The plasma samples were analyzed at the wavelength of
238nm. The plasma levels achieved by the SLN was higher than the drug suspension.
Pharmacokinetic parameters were calculated by the software and the AUC observed for SLN has
shown 2.1 and 2.5-fold increase when compared to free drug suspension. The Cmax was also higher
for SLN and achieved in 5 hours. Mean residence time was significantly higher than that of free drug
depicting sustained release over a long period of time. Elevated plasma concentrations of
Efinaconazole and better pharmacokinetic properties of SLN was due to the Nanosized. In addition,
controlled release from the formulation was also achieved. Hence these In-vivo results confirmed that
SLN formulation could be successful in improving the oral bioavailability of poorly soluble drug
Efinaconazole.

Table 10 Pharmacokinetic Profile for SLN Efinaconazole Formulation and drug Efinaconazole
Suspension

Time (hrs.) SLN (EF2) SLN (EF6) Efinacor}azole
(ng/ml) (ng/ml) Suspension (ng/ml)

0 0 0 0

1 0.50 £ 0.26 0.56 + 0.54 0.37 £ 0.66

2 1.12 £ 0.76 1.23 +0.18 0.90 + 0.56

3 2.14 £ 0.34 2.22 +0.44 1.24 £0.24

4 4.52 +£0.24 4.58 + 0.76 2.22 +0.74

5 4.78 + 0.66 4.82 +0.42 2.03 +0.44

6 4.39 + 0.62 4.63 +0.48 2.01 £0.54

S 4.24 £ 0.56 4.52 +£0.72 2.00 + 0.64
12 4.20 +0.72 4.43 + 0.64 2.00 £ 0.28

*Data expressed as mean + SD n=3
Table 11 Pharmacokinetic parameters for SLN Efinaconazole Formulation and drug Efinaconazole
Suspension
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Parameters Efinaconazole  [Efinaconazole SLN[Efinaconazole
suspension Formulation EF2 SLN Formulation EF6

Cnax (Hg/ml) 2.22 4.78 4.82

T (hrs.) 4 5 5.2

T/, (hrs.) 2.804 0.28 19.52

AUC(ug/ml*h) 36.03 75.86 92.07

AUMC (pg/ml*h"2) 448.91 1754.48 6389.81

CL/F 21.98 0.0101 0.005

MRT (hrs.) 11.96 17.73 33.31

SUMMARY AND CONCLUSION

In summary, we developed SLN to entrap clinical drug Efinaconazole. It was prepared by a high-
pressure homogenization method. The obtained SLN of Efinaconazole showed nanoscale, evenly
distributed and excellent entrapment ability. Moreover, in vitro release research revealed that SLN of
Efinaconazole showed an extended release capacity Efinaconazole without a distinct initial burst
release consequence. The in vivo study of SLN of Efinaconazole indicated that the small intestine was
the main absorption site and possessed a markedly improved oral bioavailability in rats. Overall, the

SLN exhibited a tremendous application prospect for the oral delivery of low water dissolved drugs
(21).
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