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Abstract

Antifungal azole drugs like fluconazole, itaconazole and ketoconazole are widely used for treatment of fungal related diseases
including aspergillosis and mucormycosis. This study aimed at biosynthesis of fluconazole, itaconazole and ketoconazole
containing oil/water (O/W) nanoemulsions (NE) using Eucalyptus essential oil and its effect against aspergillosis and mucor-
mycosis. Nanoemulsions were synthesized having eucalyptus essential oil, surfactants: tween 80, and co-surfactant: ethanol.
Zeta potential, pH, conductivity and droplet size of nano-formulations were studied by using Zeta sizer. Nanoemulsions were
analyzed by UV-VIS, FT-IR and fluorescent techniques. Stability studies were conducted by storing the nanoemulsions at
different conditions for 60 days. Anti-aspergillosis, anti-mucormycosis and drug release pharmokinetics were evaluated.
Average size of nanoemulsions ranged from 245 to 415 nm along with zeta potential from —9.20 to — 25.4 mV. Encapsula-
tion efficiency of drug loaded nanoemulsions was ranged from 40 to 50%. Nano-droplets displayed stability after 60 days of
storage. Considerable anti-aspergillosis and anti-mucormycosis activities were detected. Among all formulations, FINEs
depicted high antifungal activity against Aspergillus strains MTCC 277, MTCC 343 as observed by zone of inhibition
(ZO]) values. Against Mucor spp strain MTCC 3373, visual pictures clearly showed substantial inhibition in fungal growth.

Pharmokinetic study shown that all nanoformulations showed Korsmeyer—Peppas model.
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1 Introduction

After COVID 19 pandemic, researchers have recognized
COVID-19-linked severe co-infections in COVID-19
patients such as: mucormycosis, aspergillosis, coccidioi-
domycosis, and saccharomycosis [1, 2]. Aspergillosis and
mucormycosis are deadly diseases having mortality rate of
68% [3].Invasive aspergillosis and mucormycosis is predom-
inantly instigated by Aspergillus and Mucor spp common
indoors and outdoors fungal strains. Post COVID-19, these
fungal infections stances a serious health risk for sternly
immune-compromised persons due to unregulated use of
steroids to cure COVID patients [4].The symptoms associ-
ated with aspergillosis include: headache, stiffness, running
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nose, cough, chest pain, fever, blood in cough, and reduced
smelling power [5]. Symptoms associated with mucormyco-
sis include: around the nose blackish discolouration, stuffy
and bleeding nose, black crusts oozing out from nose, teeth
and jaw loosening, numbness and one-sided facial pain,
swelling of eyes; blurred vision and problems in respiratory
symptoms [6].

Azole based drugs like fluconazole, itaconazole and
ketoconazole are widely used an effective anti-fungal drugs
[1]. Owing to having high mol weight, high lipophilicity
index, low BBB penetration and low hydrophilicity and
consequently low bioavailability, their use as antifungal
agents is limited [7]. Fungal resistance after prolong use
of azole derivatives is another problem [8]. In this regard,
Nazzaro et al. [7] cited that the problem of multiple fun-
gal drug resistance can be resolved by using combination
of essential oils (EO) with antifungal drugs. Authors also
noticed synergistic antifungal activity of azole based drugs
with some essential oils (EOs) [9]. Based on above back-
ground we hypothesize that by encapsulating azole based
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drugs in eucalyptus essential oil, infection of fungus causing
aspergillosis and mucormycosis can be mitigated effectively.

In recent years, to deliver therapeutic drugs to target
sites, nanoemulsions technology is proposed is an efficient
delivery system. Jaiswal et al. [10] proposed that nanoemul-
sions (NE):water-in-oil (W/O) and oil-in-water (O/W) types
are an emulsion system with particle size distribution from
50 to 1000 nm. Drugs placed in nanoemulsions droplet is
free from light, air, and any kind of hard stressful environ-
ment, therefore, as delivery system nanoemulsions not only
improve bioavailability but also protects drugs from oxida-
tion and hydrolysis [11-13]. NEs have potent potential to
by-pass drugs across P-glycoprotein (P-gp) in BBB and cell
membranes in CNS patients [14, 15] thus great attention has
been paid to NE technology recently [16].

Plant based bioactives compounds as drug delivery car-
riers are tremendously used to cure various diseases other
medical problems [17]. It was proposed that bioactives
based NEs have better biocompatibility than synthetic
delivery forms [18]. Studies have documented that drugs
co-used with natural compounds is an alternative strat-
egy to resolve multi drug resistance (MDR) in fungi [15].
However, still research in this area is infancy. Among plant
based bioactives, essential oils (EO) have used immensely
as drug carries systems in ethno-medicine. Being vola-
tile, aromatic and low MW, EOs are a complex mixture of
bioactive compounds [19]. Owing to this, diverse roles of
EOs have been cited [20]. Since natural products are less
expensive and considered safer, they could be explored
for their synergistic interactions with drugs of choice for
treatment of fungal infections which might result in more
cost effective and safer formulations [21, 22]. Eucalyptus
globules, native to Tasmanian and South-East Australia,
member of Myrtaceae family is one of most widely spread
genera. The leaves of this plant are used to extract Oleum
Eucalypti (eucalyptus oil) worldwide and has long history
to be used as traditional medicine in ancient times. Due to
enriched presence of 1,8-cineole in its essential oil, leaf
extracts from this plant is widely used as a raw material
in pulp, cosmetic, pharmaceutical, food beverage, aroma-
therapy and phototherapy [19-22]. Some in vitro studies
have reported the combination of oils with fluconazole and
amphotericin B against candidal infections [23]. Voros-
Horvéth et al. [24] reported formulation of tioconazole in
tea tree oil (Melaleuca alternifolia Essential oil) against
Onychomycosis. Some earlier studies pointed out the use
of plant based essential oils from Citrus limonum Risso,
Salvia officinalis L, Origanumm ajorana L as drug carrier
system for Ifosfamide, Epirubicin and observed a dramatic
increase in the biological activities of synthetic drugs [15].
However, novelty of this study lies in the fact that the role
of eucalyptus essential oil as azole based drug delivery
system in relationship with aspergillosis is still not well
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documented. Hence the aim of this study was to formulate
azole drug-loaded nanoemulsions with eucalyptus essen-
tial oil and evaluation of its anti-aspergillosis and anti-
mucormycosis potential.

2 Material and methods
2.1 Extraction of EO and GC-FID analysis

EO was extracted from fresh leaves of Eucalyptus globules
by hydro-distillation method and stored in dark bottles at
4 °C for further studies as described previously [14]. EO was
extracted from fresh leaves of Eucalyptus globules grow-
ing at vicinity of campus. The plants were authenticated by
Botany Dept and voucher with number BT105 was deposited
in Dept of Biotechnology. Essential oil was extracted by
hydro-distillation method and stored in dark bottles at 4 °C
for further studies as described previously [26]. To identify
bioactive compounds in EO, GC-FID study was carried out
(GC-FID, 2045 Chemtron Pvt Ltd, India). The specifications
of column were: 2 m long, stainless steel having 10% OV-17
on 80-100% mesh Chromosorb W (HP). Nitrogen was used
as carrier gas at flow rate of 35 ml/min. 0.2 ul EO sample
was used. The temperatures for detector and injector were:
220 °C and 270 °C. Oven ramping conditions were: 100 °C
(firstly maintained) ramped to 200 °C at 3 °C/min. Bioactive
constituents in EO were identified by comparing relative
retention times (RT) of GC-FID spectra of EO with authen-
tic standards [(eucalyptol, citral, eugenol and geraniol,
Sigma-Aldrich (St. Louis, MO, USA)] and literature data.

2.2 Preparation of drug loaded nanoemulsions

Eucalyptus globules EO based NEs having drugs Flucacon-
azole, Itraconazole, and Ketoconazole were manufactured
following [25]. Drugs were purchased from local market.
Briefly, three nanoemulsion formulations designated as
F1-F3 (F1: Flucaconazole, Fungiset 200 mg, Leford pvt
Ltd, F2: Itraconazole, Itrasys 200 mg, Leford pvt Itd, and
F3:Ketoconazole Ketofly 200 mg, Leford pvt Ltd) were
prepared. Mass I: Methanol was added to the respective
drug and stirred for 1 h at 37 °C, followed by Eucalyptus oil
was added (5% v/v) drop by drop and stirred until transpar-
ent solution is obtained. Mass II: Tween 80 (2 v/v%), dis-
tilled water and SDS (0.30 w/w%) were mixed in water and
heated at 50 °C until transparent mass was obtained. Mass
I was added to Mass II drop wise with constant shaking at
1500 rpm for 40 min. The mixture was exposed to ultra-
sonication (Citizen, CDT, UC-2000) at 30 kHz for 30 min
at 35 °C.
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2.3 Physiochemical studies

All nanoemulsions were subjected to microscopy analy-
sis using optical microscope and analyzed by in-built
MicroView tool (Debro DM RL) as described in [26].
Nanoemulsions were also assessed by taking turbidity at
OD at 600 nm and % transmittance by UV-VIS spectro-
photometer (LT 291 Labtronics pvt Itd, Ambala, India).
pH and conductivity of formulated nanoemulsions were
also studied by using pH meter (LT 10 Labtronics pvt Itd,
Ambala, India) and conductometer (LT 26 Labtronics Pvt
Ltd, Ambala, India) at room temperature. Dilution test
was made by taking 1.5 mL of nanoemulsions in 9.5 mL
of H,O observed for phase inversion. Dye solubility
(o/w test) test was achieved by taking diluted methylene
blue dye which was added to 3.0 mL of nanoemulsions,
mixed and noticed for phase inversion with the help of
microscope.

2.4 Determination of particle size distribution

To observed particle size of F1-F3 nanoemulsions, particle
size distribution was performed. It was executed using a
Particle Size Analyzer (Malverrn Zetasizer Nano ZS90,
Germany). 100 pl of nanoemulsions were diluted with
water (1:400) before using the instrument. The analysis
was performed in triplicate at 25 °C.

2.5 Determination of zeta potential

Zeta potential of F1-F3 nanoemulsions were also evaluated
by using Zetasizers Nano ZS, (Malverrn Zetasizer Nano
7590, Germany). 100 pl of nanoemulsions were diluted
with distilled water in ratiol:600 and put into the cuvette
and measured the zeta potential. Analysis was performed
in triplicate manner (n=3).

2.6 Stability of nanoemulsions

Stability of F1-F3 NE formulations having drug were
evaluated. For this 5 ml of each NE having drug were
taken into glass vials and sealed. These vials were kept
at RT (37«1 °C), 20 °C, 4 °C, for 60 days. NE samples
were analyzed visually for clarity, phase separation and
drug precipitation, pH and droplet size. The F1-F3 NE
formulations were also subjected to centrifugal stability
studies. The NE samples were centrifuged at 6000 rpm
for 30 min then observed for clarity, phase separation, pre-
cipitation of drug. Analysis was performed in triplicate
manner (n=23). Thermodynamic stability studies were per-
formed for observing any physical stability by subjecting

the F1-F3 NE formulations to stress conditions of freeze
thaw cycling (12 h at 4 °C and 12 h at 37 °C for period
of 7 days).

2.7 Fingerprint analysis

Fomulated nanoemulsions (F1-F3) were characterized by
FT-IR, UV- and fluorescence spectroscopy as described in
Agnish et al. [26].

2.8 Antifungal activity

To analyze the antifungal effect of drug loaded NEs on fun-
gal strains, Aspergillus niger (MTCC 277) and Aspergillus
oryzae (MTCC 343), and Mucor spp. (MTCC 3473) were
procured from IMTECH, Chandigarh (India). Briefly, from
7 day old actively growing pure fungal culture plates, fun-
gal mycelia agar discs (8 mm) were taken and suspended
in 10 mL of autoclaved H,0. As inoculum, 150 pl of fun-
gal suspension was spread on to PDA having plates. About
200 pl of drug loaded NE formulations were impregnated
onto sterilized paper discs (15 mm in diameter) and located
in middle of agar plates followed by incubation at 37 °C
for 7 days. Pure drugs fluconazole (500 pg), itraconazole
(500 pg), and ketoconazole (500 ug), were taken as positive
control.

2.9 Drug entrapment efficiency (DEE)

DEE was calculated by dispersing 2.00 mL of NEs (F1-F3)
in 6 mL of methanol, stirred for 30 min at 150 rpm, at 35 °C
and examined at 210 nm using UV spectrometer (LT 291
Labtronics Pvt Ltd, Ambala, India). DEE % = [TDC- FDC/
TDC] x 100; TDC: total drug concentration, FDC: free drug
concentration, TDC: theoretical drug concentration.

2.10 Drug kinetics

Pharmokinetic profile of F1-F3 NE formulations was calcu-
lated as defined previously [26]. In brief, Drug loaded NEs
3 mL (having 100 mg of drug) were placed in a dialysis bag
(LA411-135, MW cut off 12 kDa-14 kDa, Himedia Pvt Ltd,
India). Bags were firmly tagged and suspended in 100 ml
of PBS and stirred at 120 rpm at 37 °C. 3 mL of aliquot
was taken at defined intervals and analysed at 215 nm by
UV-VIS spectrophotometer (LT 291 Labtronics pvt ltd,
Ambala, India). Higuchi model, Korsmeyer—Peppas, zero
order and 1st order kinetic models were studied [26].

2.11 Statistical analysis

One way ANOVA including Post Hoc Tukey HSD (beta)
was subjected to data having antifungal activity and
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physiochemical properties (https://www.socscistatistics.
com/tests/anova/default2.aspx). For antifungal, different
nanoformulations (F1-F3), designated as group A, were
compared with respective controls (pure drug), designated
as group B, using stat tool. For Statistical analysis of physi-
ochemical properites of nanoformulations, F1 formulation
was designated as T1, F2 formulation was designated as T2,
F3 formulation was designated as T3 and subjected to Post
Hoc Tukey HSD (beta) for pairwise comparisons.

3 Results
3.1 Compositional profiling

Compositional profile identified by GC-FID analyses is
demonstrated beside with their abundances in Fig. 1A.
GC-FID examination of Eucalyptus essential oil revealed
the incidence of 39 peaks. GC-FID profile confined major
peaks along with many small peaks. The major constituents
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RT (min) Compound Concentration
0.5 citral 2.9
3.7 a-pinene 10.4
5.8 B- pinene 1.6
6.9 1,8 cineole 21.1
16.5 Sabinene 3.2
18.0 Beta-myrcene 4.5
19.6 Terpinolene 1.1
20.8 Limonene 0.5
21.8 y-Terpinene 0.8
22.9 4-Carene 1.1
25.4 Pinocarveol 0.9
26.3 4-Terpineol 1.2
28.5 a-Terpineol 2.4
30.2 a-pinene epoxide 1.2
31.8 Dehydro-p-cymene 1.1
33.1 cis-Limonene oxide 2.1
35.4 Linalool 1.7
38.0 Fenchyl alcohol 1.0
40.0 eugenol 1.0
433 eugenol 0.59
45.2 carvone 2.1
48.2 Trans-Geraniol 7.4
53.1 unknown 5.8

Fig. 1 A GC-FID chromatogram of Eucalyptus oil. B Morphological view of drug loaded nanoemulsions
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F1

F2

F3

Fig. 1 (continued)

were eucalyptol (1,8 cineole) (21%), a-pinene (10%), Trans-
Geraniol (7.4%), Beta-myrcene (4.5%) and citral (2.9%).

3.2 Synthesizes of EO based NE

In this study, 3 different drug loaded nanoemulsions des-
ignated as F1 (Flucaconazole-loaded NE), F2 (Itracona-
zole-loaded NE) and F3 (Ketoconazole-loaded NE) were
developed and main physiochemical parameters studied.

Turbidity, (A 600 nm)
o117 i

Turbidity,[A 600 nm)
0.154 i

To formulate three nanoemulsions, co-surfactant ethanol
and tween 80 non-ionic surfactant were used. All NEs were
uniformly distributed, globules were smooth and circular in
shape, and discrete and non-aggregated (Fig. 1B, Tablel).
Particle size of F1-F3 nanoemulsions were in the range of
245- 415 nm (Table 1). F2 nanoemulsions were smaller
(mean diameter 245 nm) followed by F3 and F2 nanoemul-
sions. Dye solubility testy indicated that O/W NEs were
stable as no phase inversion was detected.

Table 1 Physicochemical parameters of drug loaded nanoemulsions formulations

Formulation code ~ Globule size PdI* Conductivity (mS/  Zeta potential (mV) pH EE
Z-average (nm) cm)
F1 (T1) 415+13 0.359+0.03 0.54+0.06 -20.2+0.09 5.0+£0.05 40+5
F2 (T2) 245.8+15 0.285+0.02 0.58 +£0.05 -9.2+0.03 5.9+0.07 507
F3 (T3) 345.5+12 0.301+0.01 0.48+0.02 —254+0.10 5.2+0.03 4542
Post hoc Tukey T1:T2, T1:T2, (p=0.02) TIL:T2, (p=0.37) TL:T2, (p=0 T1:T2, (p=0 TL:T2, (p=0
HSD (beta) (p=0.00001) T1:T3, (p=0.16) T1:T3, (p=0.08) .00001) .00001) .002)
T1:T3, T2:T3, (p=0.59) T2:T3, (p=0.007) TI1:T3, T1:T3, T1:T3,
(p=0.00001) (p=0.00001) (p=0.00001) (p=0.00001)
T2:T3, T2:T3, T2:T3, T2:T3,
(p=0.00001) (p=0.00001) (p=0.00001) (p=0.00001)

PDI polydispersity index, EE encapsulation efficiency
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PDI (polydispersibility index) was in the range of
0.285-0.359 for F1 to F3 nanoemulsions (Table 1). Zeta
potential (ZP) of nanoformulations was: F1: —9.20 mV, F2:
—20.2 mV and F3: —25.4 mV, respectively (Table 1). pH
of drug loaded nanoformulations were in range of 5.0-8.0
for F1 to F3 nanoemulsions (Table 1). F1, F2 and F3 nanoe-
mulsions displayed conductivity values 0.544, 0.589 and
0.485 mS/cm, respectively. Turbidity of drug loaded NEs
are shown in Fig. 1. According to Abs600, turbidity of F1
NE was 0.184, F2: 0.117 and F3: 0.154. As illustrated in the
photos of NEs, F1 NE was more turbid than F2 NE which
may be due to more particle size of droplets.

3.3 Fingerprint analysis of NEs

Under UV a sharp peak at about 360 nm was detected
(Fig. 2). Notably, when drugs were encapsulated, all nanoe-
mulsions depicted decreased absorbance when compared to
pure drug UV-spectra. In fluorescent studies, pure drug dis-
played one major peak at 500 nm and minor peak at 450 nm
(Fig. 3). FT-IR peak spectra of pure drugs are illustrated in
Fig. 4. FT-IR spectrum of pure drugs showed broad peak at
3400 cm™'due to Imidazole ring structure (C-N stretching).
Sharp peak at 2960 cm™! was due to stretching vibrations of
aliphatic CH, group. Two prominent peaks were observed
at 2700 cm™! only in F3 and F2NEs can be ascribed to O—H
stretching of alcohols. Additionally, peak in the range of
1000 cm™! corresponds to C—C stretching vibrations of alk-
enes. Peak at 750 cm™! attributed to C-H bending were due
to aliphatic ether.

3.4 Storage stability

The F1-F3 nanoemulsions were assessed in centrifugation
analysis. Centrifugal studies results indicated that, no pre-
cipitation of drug, phase inversion, cracking or creaming.
Thermodynamic studies revealed that formulated NEs were
physically stable under freeze thaw stress like conditions
(Fig. 5) as no sign of cracking, flocculation and phase sepa-
ration was observed. To determine long-term steadiness and
shelf-life and of F1-F3 NEs, stability of NEs were studied
at three different temperatures for 60 days (Fig. 6). In F1, F2
and F3NEssize of droplet hardly changed at -20 °C and 4 °C,
but, Ostwald Repining (OR) was noticed at 37 °C.

3.5 Anti-fungal activity

Antifungal potential of formulated NEs is illustrated in
Table 2 and supplementary Figures 1-3. Formulated F1 NEs
depicted high antifungal activity against Aspergillus strains
MTCC 277, MTCC 343 as observed by zone of inhibition
(ZOI) values which were: 2.0 cm and 2.8 cm, respectively.
F2 and F3 NEs also depicted sufficient fungal inhibition
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against MTCC 277. Notably, against fungal strain MTCC
343, total inhibition in growth was observed. Positive control
also depicted fungal inhibition against all strains as cited in
Table 2. Against Mucor spp strain MTCC 3373, although
no clear ZOI was observed, however, visual pictures clearly
showed substantial inhibition in fungal growth was observed
when compared to negative control (supplementary Fig-
ure 3). It was further observed that F2 NE showed synergetic
effect in antifungal activity against A. niger and Mucor spp
strains.

3.6 Drugrelease kinetics

Drug entrapment efficiency (DEE) of F1-F3 NEs is illus-
trated in Table 1. DEE improved considerably coupled with
reducing the size of nano-droplets. DEE of F2NE was higher
(50%) compared to others. For instance: compared with DEE
of F1 NE (40%), DEE of F2 was 50% and DEE of F3 was
45%. Drug release (DR) of F1-F3 NEs and pure drug was
studied. As shown in Fig. 7, it was observed that due to
low water solubility and lipophilic nature, pure drug showed
In vitro drug release of 30-45% at 72 h, while F1-F3NEs DR
was 62%-92% in 72 h. To get understanding about the mech-
anism of drug release in pharmokinetic studies, four kinetic
models like: 0 order, st order, Korsmeyer—Peppas and Higu-
chi models were studied. Release of drug from F-F3 NEs
was examined with these models. To depict release pattern
of drug from NEs, correlation coefficient (R?) value was
studied (Figs. 8, 9, 10). For F1-F3 NEs R? value was 0.92
(F1), 0.86 (F2) and 0.88 (F3). The exponent release diffu-
sion values were: n=0.64 (F1), and 0.69 (F2) and 0.68 (F3).

4 Discussion

GC-FID profile indicated the presence of major constitu-
ents such as: eucalyptol (1,8 cineole) (21%), a-pinene (10%),
Trans-Geraniol (7.4%), Beta-myrcene (4.5%) and citral
(2.9%). As cited earlier, Eucalyptus essential oil was rich
in eucalyptol (1,8 cineole) [19, 20]. Due to these bioactives
molecules, EO oil has marvelous applications in health- and
medical-related research [20-22].

Three different azole drug loaded nanoemulsions des-
ignated as F1 (Flucaconazole-loaded NE), F2 (Itracona-
zole-loaded NE) and F3 (Ketoconazole-loaded NE) were
developed and main physiochemical parameters studied.
To formulate three nanoemulsions, co-surfactant ethanol
and tween 80 non-ionic surfactant were used. Usually,
co-surfactants are used for lessening interfacial bonding
stress aid flexibility to NE to assume various curvatures
[25]. No gravitational separation of formulated F1-F3
NEs were observed, indicating kinetically stability of for-
mulated NEs. Particle size and distribution (PDI) are key
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Fig.2 UV-spectral profile of
NM F1 (A), F2 (B) and F3 (C)
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Fig.3 Florescent -spectral
profile of NM F1 (A), F2 (B)
and F3 (C)
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Fig.4 FR-IR spectra of NEs.
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Fig.5 Pictorial view of thermodynamic studies of formulated NEs

factors in order to ascertain physical stability of nanoe-
mulsions [25]. F1-F3 nanoemulsions were in the range of
245-415 nm (Table 1). Various factors like charge, per-
meability, thickness, adsorption rate could be the reason
for different size of droplets [27, 28]. Dye solubility testy
indicated that O/W NEs were stable as no phase inver-
sion was detected. PDI (polydispersibility index) was
in the range of 0.285-0.359 for F1 to F3 nanoemulsions
(Table 1). PDI is pivotal factor that determines stability
of formulations. The PDI can be range from 0-1, where 0
denotes monodisperse system and 1 indicates polydisperse
system [29]. Low PDI values usually indicate uniformity
in droplet size of nanoemulsions thus in this regard nanoe-
mulsions tend to be stable during long time storage [10]).
Small particle size formulations usually accompanied
by low PDI value. For instance: F2 nanoemulsions have
particle size of 245 nm along with 0.285 PDI value than
F1 nanoemulsions which poses particle size of 415 nm
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After thermal cycling
SRR

and 0.359 PDI value. Less particle size along with PDI
values also assist to increase stability of nanoemulsions
against the creaming and sedimentation because diffusion
rate and brownian movement of globules is higher than
sedimentation and creaming rate induced by gravity force
[30]. Zeta potential (ZP) of nanoformulations was: F1:
—9.20mV, F2: —20.2 mV and F3: —25.4 mV, respectively
(Table 1). Zeta potential indicates the charge on the drop-
lets that indicates degree of repulsions between the “like
charge particles” surrounding the nearby particles [25].
Earlier studies revealed that ZP feature to the stability of
nanoemulsions by measuring interactive forces between
the nanoparticles at macroscopic scale [31]. In order to
attain kinetically stable nanoformulations, ZP should be
in the range of + 30 mV. In our study, ZP values obtained
were in the range of —9.20 to —25.4 mV, which were
revealing of electrostatically stabilized NEs. The negative
charge of all nanoemulsions is probably due to the anionic
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Day 1

F1

F2

F3

Fig. 6 Pictorial representation of NEs after storage for 60 days under different conditions

Table 2 Anti-fungal activity of drug loaded nano formulations against Aspergillus (A. niger: MTCC 277, A. oryzae MTCC 343) and Mucor spp.

(MTCC 3373) fungal stains

Zone of inhibition (cm)

Nanoemulsions MTCC 277 MTCC 343 MTCC 3373

formulation
Group A Group B Group A Group B Group A Group B
[nanoemulsions] [pure drug] [NANOEMULSIONS] [pure drug] [NANOEMUL- [pure drug]

SIONS]

F1 2.0+0.02* NI 2.8+0.03* TI NI SI

F2 2.0+0.01%* 1.2+0.03 TI TI SI SI

F3 2.6 +0.02%** 2.0+0.02 TI TI SI SI

-Control NI NI NI

NI; Nil inhibition, TI: total inhibition (100%), SI: substantial inhibition (Visible less growth), *P <0.00001; **P <0.0001; ***P <0.05 indicates
data values with significant difference of Group A vs Group B. Pure drug: + control

groups present in surfactants and —co-surfactants, hence
there are less chances of aggregation of nanoemulsions in
the biological environment and during storage shelf life
[25]. pH of drug loaded nanoformulations were in range
of 5.0-8.0 for F1 to F3 nanoemulsions (Table 1) which
were in the acceptable range as adequate and non-irritant
for skin use [32, 33]. Conductivity of F1-F3 nanoemul-
sions were: 0.544, 0.589 and 0.485 mS/cm, respectively.
Conductivity depicts ability of emulsions to pass electric
current [34]. Similar observations were noticed by Fraooq
et al. [35] while formulating miconazole nanoemulsions
for treatment of Candidiasis albicans. As illustrated in
the photos of NEs, F1 NE was more turbid than F2 NE

which may be due to more particle size of droplets. Vari-
ous factors like: shape, size and concentration have been
attributed to optical properties of NEs [36, 37].

Notably, when drugs were encapsulated, all nanoemul-
sions depicted decreased absorbance when compared to
pure drug UV-spectra, indicating that drugs were effec-
tively encapsulated during preparation of NEs. It was cov-
erage of mixed surfactant and co-surfactant that reduced
the absorbance of pure drugs when encapsulated in nanoe-
mulsions [11]. Similar observation has been noticed by
Laxmi et al. [25] upon encapsulating artemether O/W
nanoemulsions. In fluorescent studies, pure drug displayed
one major peak at 500 nm and minor peak at 450 nm
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Fig. 7 Drug release kinetics of formulated NEs

(Fig. 3). Upon drug encapsulation, a sharp increase fluo-
rescent emission was noticed. Boni et al. [38] also reported
exorbitant increase in fluorescent signals in micro-emul-
sions. Authors claimed nano-droplets act as optical sig-
nal amplifier thus enhanced the scattering of light was
observed. Functional group analysis of pure drugs and
NE encapsulated drugs was studied byFourier Transform
Infrared Spectrophotometer (FT-IR) [39].This powerful
tool depicts various kinds of chemical bonds in samples
by generating an IR spectrum. FT-IR gives energy levels
that proportionate to intermolecular interaction, molecular
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Fig.8 Pharmokinetics of F1 NE

structure, and the type of chemical bonding. FT-IR was
additional, used to assess encapsulation of drug with in
nanoemulsions [25].When compared to pure drug, NEs
showed a dissimilar FT-IR spectrum. It was also evident
that there was peak, which was formed when drug was
encapsulated (Fig. 4). For e.g.: in all NEs, one prominent
band at 1600 cm™! was observed which was absent in pure
drugs. Some major and minor peaks which were present in
pure drug IR spectrum were disappeared upon encapsula-
tion. Emergence of new FT-IR bands indicated that azole
drugs were efficiently encapsulated in nano-emulsions
droplets. Similar observations have been noticed earlier
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Fig. 9 Pharmokinetics of F2 NE
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by researchers using essential oils while encapsulating
synthetic drugs [11, 36].

All formulated F1-F3 NEs were evaluated for stability
analysis. In drug delivery system, stability of NEs is piv-
otal factor to practice as anti-microbial agents [25, 36].
The F1-F3 nanoemulsions were assessed in centrifugation
analysis. Centrifugal studies results indicated that, no pre-
cipitation of drug, phase inversion, cracking or creaming. pH
values also showed almost similar results before and after

Linear (Series2)
5 10 15

VTime (hr) y=5.6673x+0.0227

R?=0.3661

storage at different conditions (data not shown), indicating
that encapsulation prevented degradation of bioactives upon
storage. pH values are very important in determining sta-
bility of nanoemulsions. Change in the pH value indicates
probable chemical reaction occurrence upon storage that
can affect final product quality [40].To determine long-term
steadiness and shelf -life and of F1-F3 NEs, stability of NEs
were studied at three different temperatures for 60 days. In
F1, F2 and F3NEssize of droplet hardly changed at —20 °C
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Fig. 10 Pharmokinetics of F3
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and 4 °C, but, Ostwald Repining (OR) was noticed at 37 °C.
OR is a process in which smaller droplet merged to bigger
ones owing to diffusion of nano-droplets via prevailing aque-
ous phase [41].These results were in consonance of earlier
studies [42] citing that NEs are often prone to creaming,
and due to OA. Hence, cold environments were obligatory
to avert, Ostwald flocculation, ripening and coalescence. It
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indicated that F1-F3 NEs were stable over 60 days at 4 °C
and could be best candidates for industrial applications.
Antifungal potential of formulated NEs revealed that
F1NEs depicted high antifungal activity against Aspergillus
strains MTCC 277, MTCC 343 as observed by zone of inhibi-
tion (ZOI). F2 and F3 NEs also displayed high fungal inhibi-
tion against MTCC 277. Notably, against fungal strain MTCC
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343, total inhibition in growth was observed. Against Mucor
spp strain MTCC 3373, although no clear ZOI was observed,
however, visual pictures clearly showed substantial inhibition
in fungal growth was observed when compared to negative
control (supplementary Figure 3). Notably, it was further
observed that F2 NE displayed synergetic effect in antifungal
activity against A. niger and Mucor spp strains. From ZOI val-
ues when compared with pure drug (+control), it was apparent
that was antifungal activity of pure drug increased upon encap-
sulation. Similar kind of observations on dramatic increase
in the antimicrobial activities have been reported in synthetic
drugs Ifosfamide, Epirubicin when encapsulated essential
oils from Citrus limonum Risso, Salvia officinalis L, Origa-
numm ajorana [15, 43, 44]. Fluconazole and itraconazole are
triazole derivative based antifungals whereas ketoconazole is
imidazole-derivative antifungal drug. The possible anti-fungal
mechanism is that these entire drug loaded NEs exert its anti-
fungal activity by inhibiting the synthesis of ergosterol, the
principal sterol in the fungal cell membrane. It is thereby alter
fungal membrane functions, integrity and permeability thus
leakage of essential elements (e.g., amino acids, potassium),
and impaired uptake of precursor molecules e.g., purine and
pyrimidine precursors to DNA) [45, 46].

DEE improved considerably coupled with reducing the
size of nano-droplets. Previously, it was reported that that
nano-emulsion drop size has a pivotal effect on the DEE [47].
NE:s having less size can have more DEE in emulsion systems
which may be ascribed to condensed mean droplet diameter
[48]. It was observed that due to low water solubility and
lipophilic nature, pure drug showed In vitro drug release of
30-45% at 72 h, while F1-F3NEsDR was 62%-92% in 72 h.
This could be accredited due to small size of nano-droplets
and eventually larger surface area of small droplets of nanoe-
mulsions which provided nanoemulsions improved release
profile than plan pure drug. To depict release pattern of drug
from NEs, correlation coefficient (R?) value was studied. For
F1-F3NEs R? value was 0.92 (F1), 0.86 (F2) and 0.88 (F3),
indicating that formulations followed Korsmeyer—Peppas
model. The exponent release diffusion values were: n=0.64
(F1), and 0.69 (F2) and 0.68 (F3), that entitles that formula-
tions followed Fickian diffusion. Our results were in conso-
nance with earlier study reporting artemethernano-emulsions
[25]. In present study we were unable to ascertain role F1-F3
nanoformulations using some in vivo models. Hence further
studies may be required using in vivo models, which was limi-
tation of current study, to ascertain the role of drug loaded
NE:s.

5 Conclusion

Formulations were kinetically stable and morphologi-
cally separate, circular and good. F2 nanoemulsions size
and turbidity was less than all other formulations. Stor-
age stability results indicated that F1-F3 NEs were sta-
ble for 60 days. Globule size of nanoemulsions ranged
from 245 to 415 nm along with zeta potential from —9.20
to—25.4 mV. Encapsulation efficiency of drug loaded
nanoemulsions was ranged from 40 to 50%. Considerable
anti-aspergillosis and anti-mucormycosis activities were
detected. Among all formulations, FINEs depicted high
antifungal activity against Aspergillus strains MTCC 277,
MTCC 343 as observed by zone of inhibition (ZOI) val-
ues. Against Mucor spp strain MTCC 3373, visual pictures
clearly showed substantial inhibition in fungal growth.
NEs displayed decent antiaspergillosis and antimucormy-
cosis activities. Overall, it was suggested that formulated
drug loaded eucalyptus essential oil based NEs in pharma-
ceutical based industries to conceptualize antifungal drugs
in future. Further studies may be required using in vivo
models to ascertain the role of drug loaded NEs.
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