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Herbal-based preparations have progressively attracted more interest nowadays due to multiple therapeutic approaches.
Major concerns with the use of herbal preparations and their application as functional ingredients are about their
stability, solubility, and less bioaccessibility. Crocus sativus is one of the crucial nootropic traditional herbs, rich in
potential phyto-chemicals used for the treatment of long-standing disorders. Many studies have suggested that the
bioactive present in C. sativus extract may undergo enzymatic degradation in the intestine and hence less bioavailable
at the site of action. A novel drug delivery approach to herbal preparation may combat the associated challenge. The
present research focuses on the feasibility of developing w/o nanoemulsion incorporating the carotenoid-enriched
C. sativus extract by spontaneous emulsification method. Critical process variables were optimized using 32 factorial
design with Design of Expert software. The optimized formulation of w/o nanoemulsion comprising 9 mg/ml of
C. sativus extracts with 12% internal phase, 21% S-mix, and 67% oil phase produced a globule size of 94.34 nm.
The total content present in the nanoemulsion was 83% bioactive determined by the High Performance Liquid
Chromatography- Photo Diode Array (HPLC-PDA) method. Further characterization, the Transmission Electron
Microscopy (TEM) images showed the overall nanoemulsion system morphology with uniform distribution of
globules of the internal phase. The in vitro release of bioactives from developed nanoemulsion showed an initial
burst release of 60% at 1 hour following slow drug release. Results demonstrated that w/o nanoemulsion of C. sativus
extract overcome the associated challenges and may reserve its space for medicinal application.

INTRODUCTION

The use of herbal origin preparations has increased

have potential therapeutic activity; however, poor bioavailability,
solubility, and degradation restrict their effective therapeutic

in the last few years [1] Worldwide herbal medicine practice
securing a high demand toward the treatment and management
of long-standing disorders [2]. Modernization in lifestyle,
negligence toward health, and awareness about the number of
side effects upon long-term use of synthetic medicines have
pushed the use of herbs and herbal preparations in the recent
era of emergence [3]. Medicinal plants are the principle origin
offer the new chemical entity, an important benchmark for the
pharmaceutical industry to treat, manage, and control a range of
illnesses [4]. Phytoconstituents, such as alkaloids, glycosides,
terpenoids, polyphenols, and so on, present in medicinal plants
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application [5]. A novel drug delivery system combats this
limitation by integration with herbal preparation which may aid
the bioavailability, sustained release of bioactive compounds,
and protection against gastric fluids, Thus, it is essential to
incorporate novel drug delivery concept with herbal medicines
to achieve their better therapeutic application [6].

A traditional herb saffron (Crocus sativus) is reported
for its inherent medicinal properties such as anticancer [7],
anti-inflammatory [8], anti-oxidant [9], boosting memory
[7,10], neuroprotective [11]), antiobesity [ 12], hepatoprotective
[13], and so on. Saffron stigma contains numerous volatile and
promising components inclusive of crocin, crocetin, safranal,
and picrocrocin [14]. Crocin is glycoside and hydrolyzed into
crocetin which has aremarkable impact on learning and memory.
Crocin arrests the amyloid formation and neurotoxicity [ 15]. The
pharmacokinetic study shows crocin is less detected in blood
plasma after single or multiple oral administrations of C. sativus

© 2024 Namrata Aashish Parikh et a/. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.7324/JAPS.2024.158623&domain=pdf
https://orcid.org/0009-0000-3168-4677

226 Parikh ef al. / Journal of Applied Pharmaceutical Science 14 (04); 2024: 225-238

extract while its aglycone crocetin found more. The intestine is
the principle site where crocin may be hydrolyzed into crocetin
and further absorbed into the blood [16]. In vitro studies have
shown that after oral administration of C. sativus extract, crocin
is readily hydrolyzed by intestinal epithelium enzymes or by
the gut microbiota to deglycosylated trans crocetin, which is
absorbed through passive diffusion by the intestine [17-19]. It
is interesting to note that crocin reaches 75 times higher than
crocetin in rat serum after oral administration as compared to
only crocetin administration [11]. Oral administration of crocin
is more beneficial than crocetin however the major challenges
are low bioavailability at the site of action when taken orally
and systemically. Many studies have also shown that the extract
is not absorbed significantly and is eliminated quickly when
taken orally or systemically [20].

Novel drug delivery is intended to cross particular
barriers to improving effectiveness and conclusive alternative
routes for the delivery of potential phytochemicals at the target
site. Phytosomes, liposomes, nanocapsules, nanoparticles,
neosomes, solid lipid nanocarriers, and nanoemulsion
effectively enhance solubility, the bioavailability of
phytoconstituents, as well as protect against physical, chemical,
and enzymatic degradation and modification of drug release
characteristics [21]. The advantage of such nanoformulation is
to overcome the large dose of conventional therapy as well as
the effective delivery of bioactive at the target site of action
[22]. Nanoemulsion could overcome the associated challenges
and form a bridge between conventional therapy and novel drug
delivery systems. This is the innovative approach to formulate
a stable nanoemulsion consisting of a standardized C. sativus
extract rich in bioactive compounds such as crocin, crocetin,
safranal, and picrocrocin with the use of low energy method
by spontaneous emulsification technique. Carotenoid-enriched
C. sativus extract is encapsulated in the novel drug delivery
system, i.e., w/o nanoemulsion. Nanoemulsion is a clear
transparent biphasic stable isotropic system having a particle
size 0f 20-200 nm [23]. There are three types of emulsion-based
systems depending on their compositions—o/w emulsion,
w/o emulsion, and multiple emulsions. The techniques for
formulating nanoemulsion are high-energy and low-energy
methods. High-energy methods are high-pressure homogenizers,
micro fluidization, and ultra sonification whereas low-energy
methods include phase titration, spontaneous emulsification,
and phase inversion methods [24]. The low-energy method
is efficient in contrast with the high-energy method as simple
stirring is generally required to produce smaller droplet sizes
for obtaining kinetically stable nanoemulsion and easy to
scale up, less consumption of energy with increased stability
of nanoemulsion [25]. A spontaneous emulsification method
is adopted for preparing the saffron nanoemulsion where a
stepwise addition of water-soluble C. sativus extract is added in
a surfactant oil mixture to obtain a small droplet size [26-29].

The present research aimed at highlighting the
development of the novel formulation based on standardized
extract in which biologically active carotenoid enriched C.
sativus extract is encapsulated in w/o nanoemulsion. The
optimization of w/o nanoemulsion by Design of Experiment
(DoE) is assisting the better quality compliance. The release

study performed for formulation revealed the controlled
release of bioactive which may be more bioavailable. The
quantification of the total content of marker compounds such
as total crocin, crocetin, safranal, and picrocrocin present in
saffron nanoemulsion was determined and suggested the actual
loading of extract in the saffron nanoemulsion.

MATERIALS AND METHODS

Materials

Standardized C. sativus extract and medium chain
triglyceride (MCT) were provided by Pharmanza Herbal Pvt.
Ltd., Dharmaj, Gujarat. Capmul medium chain monoglyceride
(MCM) EP/NF was gifted by Abitec Corporation, USA. Poly
glycerol poly ricinoleate (PGPR) was gifted by Palsgaard,
Denmark. Transcutol and Span 80 were purchased from
Sigma—Aldrich, USA. All chemicals and excipients such as
poly ethylene glycol (PEG), Span 20, Span 60, Kolliphore, and
Tween 80 were received from Sigma—Aldrich.

Formulation and development
Preformulation studies

Drug-excipient physical incompatibilities

Standardized C. sativus extract and all selected
excipients were characterized using Fourier Transform Infra
Red Spectroscopy (FTIR) spectroscopy and Differential
Scanning Calorimetry (DSC) to check the possibilities of
interaction between extract and selected excipients if any.

UV estimation of saffron extract

10 mg of saffron extract was dissolved in 100 ml of
water (100 ug/ml) and run into a UV spectrophotometer (UV
1800, Shimadzu, Japan) to obtain absorbance maxima for
quantification of marker compounds. From the saffron stock
solution, a different concentration, i.e., 10, 20, 30, 40, and
50 pg/ml were prepared and obtained the absorbance at 440,
466.8, 325, and 250 nm wavelength which gives the estimation
of crocetin, crocin, safranal, and picrocrocin, respectively. The
regression coefficient value was determined [should Not Less
Than (NLT) 0.99] from the calibration curve of all constituents
for further solubility studies.

Screening of solubility

The solubility of standardized C. sativus extract has
a great influence on nanoemulsion formation. The selection of
oil, surfactant, and co surfactant for the development of w/o
nanoemulsion is a crucial step to obtain the desired particle size.
Therefore, it is necessary to determine the solubility of C. sativus
extract in different agents including external phase, internal
phase, surfactants, co surfactants, and so on, which should be
nonirritant, pharmaceutical acceptable, and chemically safe.

Hydrophilic-lipophilic balance (HLB) plays a vital
role in the formulation of w/o nanoemulsion. For developing
the w/o nanoemulsion, the surfactant with a low HLB range
from 3 to 6 is more suitable. The solubility of C. sativus extract
was determined by adding an excess known amount of C.
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sativus extract in known quantity (2 ml) of each oil/surfactant/
co surfactant in a closed stopper test tube and placed in digital
shaker bath (NOVA Inst. Pvt. Ltd., Ahmedabad, India) for 72
hours. Then, these test tubes were centrifuged at 4,000 rpm for
10 minutes. The supernatant was collected and the absorbance
of phyto chemicals in each supernatant was measured by UV
spectrophotometrically and calculated the solubility.

The solubility of C. sativus extract was carried out in
various oils like MCM, MCT, olive oil, soybean oil, oleic acid,
castor oil, and three ratios of MCM and MCT such as 1:1, 3:1,
and 2:1. Different surfactant and co surfactants were screened
for nanoemulsion were span 80, Tween 80: Span 80 (HLB-
5), Span 80: Kolliphore (HLB-5), span 80: PGPR (HLB-4.5),
Transcutol, PEG 300, 400, and 200, IPA.

Preliminary optimization of process parameters

The process variables for the preparation of micro-
emulsion were batch size, stirring speed, and stirring time.
For identifying the optimum process variables, one is kept
constant and the other is varied. The different volumes of
w/o nanoemulsions such as 10, 20, 30, 40, and 50 ml were
formulated by ml keeping other process variables, i.e., speed
and time of stirring constant. In a similar manner, the stirring
speed was evaluated under the different rpms of the magnetic
stirrer, i.e., 500, 1,000, and 1,500. In addition, the optimum time
of formulating nanoemulsion was evaluated by preparing the
emulsion under variable times such as 30 minutes, 45 minutes,
and 1 hour. These all variables were optimized by determination
of their particle size and zeta potential.

Construction of pseudo ternary phase diagram for selection of
S-mix ratio

The phase behavior study of nanoemulsion was
studied by pseudo ternary phase diagram using CHEMIX
Software where the determination of the composition of
oil, water, and S-mix system that provides stable isotropic
nanoemulsion existence zone in which at any point the
existence of nanoemulsion can be found. After the selection of
oil, surfactant, and co surfactant, a specific ratio of S-mix such
as 1:1, 2:1, 3:1, and 1:2 was optimized with the help of pseudo
ternary phase diagram in which oil to S-mix mixture is varied as
1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1 and dropwise water
was added using a micropipette with constant stirring and speed
until the mixture became clear at a certain point and the number
of different phases was recorded to obtain a pseudo ternary
phase diagram [30-34].

Optimization of formulation by DoE software- experiment design

Critical process variables were optimized using a
3%-factorial design with Design of Expert 13.0.4 software (Stat-
Ease, Inc., USA). The concentrations of three different phases
were selected as independent variables and their responses
on particle size and zeta potential as dependent variables. As
it is a mixture component, a simple lattice design with the
special cubic model was used for formulation optimization and
statistical analysis was done by analysis of variance (ANOVA).
The process variables are provided in Table 1.

Table 1. Critical process variables for DoE study.

Independent 1. Concentration of external phase
variables Capmul MCM: MCT (3:1)

2. Concentration of S-mix (2:1)
Surfactant (Span: PGPR)

3. Co surfactant (Transcutol)
Concentration of internal phase (Saffron extract in
water)

Dependent 1. Particle size

variables 2. Zeta potential

According to the adopted design total of 17 different
formulations were prepared and their response for the particle
size and zeta potential were obtained. The data were placed to
design expert software. The polynomial equation was generated
and optimized by using ANOVA in the software. The models
were assessed with respect to statistically significant coefficient
and R? values. The coded and actual values of independent
variables are described in below Table 2.

The relationship between variables and the responses
was studied by 3-D surface plots and contour plots. Depending
on the smallest particle size and possible values of zeta potential,
optimum formulation were selected. The checkpoint batch
was again prepared and evaluated for response. The resulting
responses were compared with the predicted responses.

Preparation of saffron-loaded nanoemulsion

Carotenoid enriched C. sativus extract loaded w/o
nanoemulsion also termed as saffron nanoemulsion was
prepared by low energy method with spontaneous emulsification
[35-38].

Crocus sativus extract at the required quantity of 75
mg was dissolved in 1 ml of purified water filtered through 0.45
pum termed as a saffron solution.

A required quantity of selected oil was taken in
a previously clean and dried beaker to that surfactant- co-
surfactant S-mix ratio was added with constant stirring using
a magnetic bead on the magnetic stirrer (DBK mag. stirrer)
at 1,500 rpm. All the formulation parameters and process
parameters were optimized.

Saffron solution was drop wise added into the above
oil and S-mix mixture till the formation of a homogeneous and
transparent emulsion under constant agitation.

Pharmaceutical characterization

The batch size of 50 ml w/o nanoemulsion was
prepared by using an optimized formula and subjected to
characterization using the following tests.

Inverted microscopic study

The size and shape of particles in the formulated
nanoemulsion were checked by microscopic evaluation to
determine the homogenous distribution of the internal phase
using an Inverted Microscope-Nikon TS 100 at a magnification
of 40 x 10.



228 Parikh ef al. / Journal of Applied Pharmaceutical Science 14 (04); 2024: 225-238

Table 2. DoE runs for coded value and actual value by software.

Formulation code Coded values

Actual values

Std Run Oil S-Mix Water Oil S-Mix Water
1 1.00 0.00 0.00 70 21 12
2 4 0.67 0.33 0.00 69 22 12
3 8 0.67 0.00 0.33 69 21 13
4 5 0.33 0.67 0.00 67 23 12
5 10 0.33 0.33 0.33 67 21 13
6 11 0.33 0.00 0.67 67 21 14
7 14 0.00 1.00 0.00 67 24 12
8 1 0.00 0.67 0.33 67 23 13
9 15 0.00 0.33 0.67 67 22 14
10 12 0.00 0.00 1.00 67 21 15
11 9 0.67 0.17 0.17 69 21.5 12.5
12 7 0.17 0.67 0.17 67.5 23 12.5
13 17 0.17 0.17 0.67 67.5 21.5 14
14 13 1.00 0.00 0.00 70 21 12
15 16 0.00 1.00 0.00 67 24 12
16 6 0.00 0.00 1.00 67 21 15
17 2 0.67 0.33 0.00 69 22 12

Determination of droplet size and zeta potential

The droplet size of the internal phase and zeta potential
of saffron-loaded nanoemulsion were analyzed using a dynamic
light scattering method (Zeta Sizer-Malvern Instrument).
All the measurements were done after overnight storage of
nanoemulsion for reliable and accurate results by performing
the experiment triplicate.

Surface morphology by transmission electron microscopy

The surface morphology as well as the structure of
the optimized nanoemulsion was observed using Transmission
Electron Microscopy (TEM). The TEM analysis was performed
in SICART Lab, Vallabh-Vidyanagar, Anand.

Shear viscosity

Optimized nanoemulsion was assayed by measuring
the viscosity digitally by viscometer (LABMAN Scientific
Instrument). The spindle is rotated at 100 rpm for 10 minutes.

Content uniformity

The optimized saffron nanoemulsion was assayed
using the robust, precise, accurate, sensitive, specific, and
linear High Performance Liquid Chromatography- Photo Diode
Array (HPLC-PDA) method (Pharmanza Herbal Pvt. Ltd.) for
the total content of crocin, crocetin, picrocrocin, and safranal.
The simultaneous quantification of marker compounds was
achieved by Phenomenex Luna, 5 p, 150 x 4.6 mm column,
flow rate 1.0 ml/minute, injection volume of 10 pl, run time
of 25 minutes with a gradient program of 0.1% formic acid in
water and acetonitrile. The detection wavelength for crocin and
crocetin are 440 nm, picrocrocin at 250 nm, and safranal at 320
nm [39].

In vitro release studies

A dissolution study was performed to evaluate the
extent of drug release from the formulation. /n vitro drug release
of saffron nanoemulsion was carried out by placing the saffron
nanoemulsion equivalent to 10 mg in a dialysis bag consisting
of cellulose membrane (Sigma—Aldrich) that was introduced
in 300 ml of dissolution media consisting of pH 7.4 phosphate
buffer as release media using USP type II apparatus at 50 rpm
and 37°C £ 2°C to predict the dissolution pattern in general
in-vivo environment. A sample was withdrawn at periodic time
intervalsof 1,2,4,5,7,9, 12, and 24 hours and at each time point
was replaced by fresh media to maintain sink condition. The
samples were analyzed spectrophotometrically by performing
the experiment in triplicate. By using the calibration curve the
total content from saffron nanoemulsion was determined and %
cumulative release was calculated [40—43].

Stability study

The stability of the optimized saffron loaded w/o
nanoemulsion was determined by keeping at accelerated
conditions of 40°C + 2°C and 75% =+ 5% RH for 90 days as
per International Council for Harmonisation (ICH) guidelines.
Samples were analyzed for appearance, phase separation,
particle size, and zeta potential and content of marker compound
by HPLC at the end of 0, 30, 60, and 90 days [44].

RESULTS AND DISCUSSION

In the 21st century, the way toward herbal preparation
is drastically increased. Although great advancements of new
chemical moiety or synthetic drugs, traditional medicinal
plants, and herbal preparation attract more and more research
to improve quality of life [45]. Unfortunately, due to a lack



Parikh ef al. / Journal of Applied Pharmaceutical Science 14 (04); 2024: 225-238 229

100
I
%

v
v AN W | \ [
r

W™ / ! W
L ¥ Vo | Moo M

99
I

Transmittance [%]
98
I

97
L

2917.46 ——
2850.65
169441 ——
1576.87 ——
136434 ——
122263 ——
-{1016.85 ——

T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

Figure 1. FTIR spectra of C. sativus extract.
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Figure 2. FTIR spectra of the saffron formulation.

of scientific evidence of pharmacology, pharmacokinetics,
pharmacovigilance, poor bioavailability, shelf life, and so on,
herbal preparations require more research in terms of fundamental
principles and quality evaluation for their global acceptance
[46]. In recent years, the use of phyto-chemicals extended their
attentiveness to improving the quality of life, and among them,
carotenoids are playing an important role in maintaining health
due to potential therapeutic application. Crocin (digentiobiosyl
crocetin) is a distinctive carotenoid present in the traditional
herb C. sativus and is highly water soluble. It makes a difference
than other carotenoids which can be attributed to sugar moiety
binding to the carboxylic acid group. The present study focused
on carotenoid-enriched C. sativus extract which was incorporated
in a novel drug delivery system.

Formulation and development
Preformulation studies

Drug-excipients physical incompatibilities

The FTIR spectra and DSC graphs of C. sativus and the
developed formulation were obtained to find out the possibilities
of drug-excipient interaction if any. The FTIR spectra of saffron
loaded w/o nanoemulsion were very similar to that of pure C.
sativus extract and showed many of the characteristic peaks of
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Figure 3. DSC graph of C. sativus extract.
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Figure 4. DSC graph of saffron nanoemulsion.

pure extract. This observation was similar when DSC graphs
were obtained from developed formulation and pure extract
that suggested that no more possible interactions were found.
The FTIR spectra of C. sativus extract and formulation are
provided in Figures 1 and 2. The developed w/o nanoemulsion
and pure C. sativus were analyzed through DSC for possible
interaction with excipients if any. The DSC graphs of C. sativus
extract and formulation are provided in Figures 3 and 4. This
indicated that the selected components required to formulate
the nanoemulsion were found compatible and observed no
drug-excipient interaction.

UV estimation of saffron extract

The different concentrations, i.e., 10, 20, 30, 40, and 50
pg/ml of C. sativus were prepared and scanned from 800 to 200
nm under UV absorbance spectroscopy and absorbance of crocin,
crocetin, safranal, and picrocrocin were observed at 466.8, 440,
325, and 250 nm wavelength respectively were noted and provided
in Table 3 and correlation coefficient of each phytoconstituent was
determined Not More Than (NMT) 0.99 which is shown in Figure 6.
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Table 3. Absorbance of saffron phytoconstituents.

Concentration of

Absorbance at wavelength (nm)

Sr. No- C. sativus (ng/ml) Crocetin at 440 Crocin at 466.8 Safranal at 325 Picrocrocin at 250
1 10 0.252 0.227 0.039 0.088
2 20 0.524 0.469 0.078 0.186
3 30 0.771 0.69 0.114 0.279
4 40 0.998 0.896 0.149 0.355
5 50 1.285 1.098 0.202 0.428

Figure 5. Overlay of scanning of different concentrations of C. sativus.

The scanning of C. sativus extract in a UV spectrophotometer at
different concentrations is provided in Figure 5.

Screening of solubility study

Based on the above results, a solubility study of C.
sativus in various oils, surfactants, and co-surfactants was
found. All the observations are in triplicate.

Selection of oils. Capmul MCM, MCT, and their
different ratio were screened by determining the solubility of C.
sativus in it and their results are shown in Table 4 and Figure 7.
From the results obtained, it can be seen that the ratio 3:1 was
considered as further optimization of formulation as lesser
solubility as compared to others with minimum solubility, i.e.,
1 +0.312 mg/ml of C. sativus extract.
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Table 4. List of selected solvents with their solubility.

List of oils/surfactants/co-surfactants

Amount of extract dissolved

(mg/ml)
Capmul 2+0.158
MCT 5+0.214
Capmul: MCT (1:1) 3+0.312
Capmul: MCT (2:1) 3+0.574
Capmul: MCT (3:1) 1+0.312
Span 80 8+0.356
Span 80: Tween 80 (HLB: 5) 7+0.245
Span 80: Kolliphore (HLB: 5) 3+£0.517
Span 80: PGPR HLB: 3-6 15+0.417
PGPR 12 +£0.242
Transcutol 30+0.145
PEG 200 6+0.378
PEG 300 10+0.114
PEG 400 14+ 0.472
Iso propyl alcohol 15+0.547
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-]
=
£
204
g
=
x
w
‘s 104
=
=
g
g 0
&
R
2
&‘Q- yy & @ QQ}
S @%"Q@" eé‘@;’cﬁ Q‘°
o X ; «4\*_’0\\6‘ &
o Q%Q‘i’ﬁ&bo%
@ o
2 S ©

Figure 7. Solubility data of C. sativus extract in different solvents.

Selection of surfactant and co-surfactant. For the
preparation of w/o nanoemulsion, different surfactants, and
co-surfactants having lower HLB values between 3 and 6 were
screened, and from the results the Span 80: PGPR and transcutol
were employed for the development of nanoemulsion which
has the highest solubility as compared to other surfactants.

Preliminary optimization of process parameters

Table 5 shows the preliminary process parameters
by considering the one that is changing with respect to other
parameters that were kept constant.

Construction of pseudo ternary phase diagram for selection of
S-mix ratio

The three axes of pseudo pseudo-ternary phase
diagram are three axes were oil phase, the water phase, and the
fixed ratio of the S-mix phase. Different ratios of surfactants and
co surfactants, i.e., 1:1, 2:1, 3:1, and 1:2 were screened and their
co-relation was shown in Figure 8. The nanoemulsion zone and
turbid zone were clearly separated. Among the different ratios
of S-mix, the 2:1 ratio of surfactant and co-surfactant showed
the best area of nanoemulsion existence, and hence, the 2:1
ratio was used for further optimization of nanoemulsion.

Optimization of formulation by DoE software

The resulting observed responses were kept in DoE
software to compare with the predicted responses. Their
response along with actual value was provided in Table 6.

Details of response 1-particle size and zeta potential

A linear versus special cubic model was suggested
by software for particle size and zeta potential. The model
was satisfactory in terms of nonsignificant lack of fit F-value
obtained was 5.23. A nonsignificant lack of fit is good. Further
p-values less than 0.0500 indicate model terms were significant
and again the Model F-value of 5.87 implies the model was
significant. The adjusted R? of 0.6464 and predicted R? of 0.4628
values were closed, i.e., the difference of both the agreements
was less than 0.2 which was considered an acceptable design
model.

Table 5. Process parameters.

Sr. No. Process Parameters Evaluation of parameters Conclusion
Droplet size Zeta potential

1 Batch size 10, 20, 30, 40 and 101.23 £3.66 (—)29.78 + 1.34 No change was observed with different batch
50 ml sizes.

2 Speed of stirring 500 rpm 154.25+1.48 (5)12.51+£2.21 1,500 rpm was considered for further optimization
1,000 rpm 201.45+ 1.57 (-)18.36 + 1.42 because of the lesser particle size.
1,500 rpm 98.75 +4.28 (—)28.36 + 1.61

3 Time of stirring 30 minutes 291.17+£5.78 (—)28.36+1.61 At 1 hour, the particle size of nanoemulsion was

observed good.

45 minutes 107.24 £2.58 (—)28.36 = 1.61
1 hour 94.71 £ 2.17 (—)28.14+ 1.74




232

Parikh ef al./ Journal of Applied Pharmaceutical Science 14 (04); 2024: 225-238

S- Mix(1:1)

0il
0

S- Mix (1:2)

Oil
0

TURBID
Region
.

.

. Micro Emulsion Region 0
L oo e s e s s e e s e AL
S- Mix (2:1)
il
Microemulsin region Microemmlsion region
10
swx %3 o Water S Water
6 8 B 8 & & b B 8 6 ik
Figure 8. Pseudo ternary phase diagram of different S-mix ratios.
Table 6. Experimental runs of nanoemulsion with their observed responses.
Formulation code Actual values Response 1 Response 2

Std Run Oil S-Mix Water Particle size Zeta potential
1 70 21 12 721.25 -10
2 4 69 22 12 385.41 -8
3 8 69 21 13 380.25 -9
4 5 67 23 12 310.24 -19
5 10 67 21 13 94.34 =30
6 11 67 21 14 317.5 -12
7 14 67 24 12 325.8 -12
8 1 67 23 13 652.4 -14
9 15 67 22 14 714.8 42
10 12 67 21 15 3452 -15
11 9 69 21.5 12.5 480.2 45
12 7 67.5 23 12.5 360.5 -8
13 17 67.5 21.5 14 289.2 40
14 13 70 21 12 316.2 -17
15 16 67 24 12 458.6 27
16 6 67 21 15 390.1 -16
17 2 69 22 12 2752 -14
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Figure 10. Experimental design of saffron nanoemulsion.

The contour plots for responses are provided in
Figure 9. Numerical optimization following the desirability
approach was preferred to predict the optimum levels of the
studied variables. The optimized formulation that yielded
minimized size was generated as follows: 67% v/v oil
concentration, 21% surfactant-co surfactant, and 12% internal
phase concentration with desirability of 0.997. The C. sativus
extract concentration in water was 75 mg/ml. Thus, 10 ml of
optimized nano-emulsion formulation with 1.2 ml of water
contains 90 mg of C. sativus. The predicted globule size of
94.89 nm was in accordance with the observed one (94.34 nm)
indicating the successfulness of the optimization process.

Preparation of saffron-loaded nanoemulsion

Saffron loaded w/o nanoemulsion was prepared
by low energy method with spontaneous emulsification. At

one end, C. sativus extract accurately weighed 75 mg was
dissolved in 1 ml of water. The other end required a quantity
of MCM, MCT was added in a clean and dried beaker and
allowed to disperse by keeping on the magnetic stirrer with
optimum stirring speed and the S-mix mixture was added till
obtained a clear liquid. In this resultant mixture, the aqueous
phase containing saffron solution was added drop-wise which
forms turbulent movement between the aqueous phase and
oil phase with fast migration of water miscible C. sativus
extract leading to larger water-oil interfacial area obtained
w/o nanoemulsion loaded with C. sativus extract. The entire
experiment design is provided in Figure 10.

Hydrophilic compounds are more challenging to reach
at the target site of action for their therapeutic application and
to overcome this limitation standardized C. sativus extract
enriched with carotenoids is encapsulated in a nanoemulsion
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system which is thermodynamically stable and clear having
particle sizes between 20 and 200 nm [47]. The nanoemulsion
incorporating the standardized C. sativus extract was formulated
with the help of a low-energy method using a spontaneous
emulsification process [48]. The low-energy method is
principally important in terms of thermal-sensitive bioactive
compounds [49]. The w/o nanoemulsion was optimized by the
Quality by Design (QbD) approach with DoE software may
increase the industrial application.

Pharmaceutical characterization

Inverted microscopic study

Preliminary w/o nanoemulsion was observed under an
inverted microscope at 40 x 10 magnification for distribution of
internal phase and images were captured shown in Figure 11.

Droplet size and zeta potential measurement

The mean globule size of saffron w/o nanoemulsion
was found to be 94.85 + 2.25 nm and zeta potential was
obtained—28.25 £+ 1.26 mv. The high content of medium chain
mono glyceride and MCT have contributed toward negative
zeta potential value. Figure 12 shows droplet size distribution
in saffron nanoemulsion.

Surface morphology by transmission electron microscopy

The TEM image provided in Figure 13 of saffron
nanoemulsion shows uniform surface morphology. TEM
images of saffron nanoemulsion indicated the actual
morphology of the system where the measurement of formed
globule size observed NMT 200 nm with uniform distribution
in the w/o nanoemulsion system. The formulation has a droplet
size in the nano range which is well distinct from low values
of polydispersity. It is defined as the standard deviation of the
mean droplet size of the internal phase in the nanoemulsion
system. This was perfectly evident in the uniformity of droplet
size within the nanoemulsion system.

Shear viscosity

The viscosity of optimized w/o nanoemulsion was
found to be 136.25 + 1.78 using a digital viscometer. All
observation was recorded in triplicate. The recording is shown
in Figure 14.

Content uniformity

The standardized C. sativus was incorporated as an
aqueous phase in the optimized nanoemulsion therefore %
total content present in formulation is required to determine
the loading of C. sativus in nanoemulsion in terms of
overall total content. The optimized formulation of w/o
nanoemulsion comprising 9 mg/ml of C. sativus extract
with 12% internal phase, 21% S-mix, and 67% oil phase
was assayed by developed and validated HPLC method.
The loading of total content present in nanoemulsion was
determined 83% which showed good loading capacity of
C. sativus considered one of the important requirements of
nanoemulsion. The HPLC chromatogram is shown in Table
7.

Figure 12. Particle size determination by zeta sizer.

Figure 14. Measurement of viscosity of saffron nanoemulsion under digital
viscometer.

In vitro release studies

At the desired time points such as 1, 2, 4, 5, 7, 9,
12, and 24 hours, the aliquots were withdrawn and analyzed
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Table 7. HPLC chromatogram for standard and formulation observed at wavelength.

Standard chromatogram

Formulation chromatogram
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through UV spectroscopy and measure the absorbance. By using
the calibration curve the total content was determined and %
cumulative release from formulation was calculated. The below 90
graph in Figure 15 shows the release pattern. The drug release 80 pram— =
L. 0 . @ 70 PO o, A
showed an initial burst release of 60% from the nanoemulsion el
at 1 hour, and a slow release of the drug after 1 hour. which 2l I
allows more absorption in Gastro Intestinal Tract (GIT). The 2 40 ]!
initial burst release was obtained due to the smaller particle size S -NE
. . s 20
of the nanoemulsion. The smaller globule size and large surface o
area due to structural or physical properties of nanoemulsion 0 , , , . .
could accelerate the initial burst release of phytoconstituents 0 5 10 15 20 25 30
and further slow release indicated the controlled release. Time Points

Stability study

The evaluation of nanoemulsion kept under accelerated
stability conditions, i.e., 40°C and 75% RH with respect to
appearance, phase separation, globule size, zeta potential, and
% total content was shown in Table 8. The % total content was
determined as the average of three samples with a standard
deviation NMT 2.0%. There was no significant difference
in results obtained even after storage of nanoemulsion at a
particular time period. Based on the stability results it was

Figure 15. Drug release pattern of nanoemulsion.

observed that the saffron nanoemulsion was found to be stable
for up to 90 days without any signs of phase separation and the
reduction of total content was found to be very less.

Highly hydrophilic bioactive principles present in
herbs have poor absorption via lipid membranes that arrests
their biological efficacy and pharmacokinetics. This novel drug
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Table 8. Stability data of optimized saffron nanoemulsion.

Saffron nanoemulsion (n = 3)

Sr. Stability time

% Total content

No. point Appearance Phase separation Globule size Zeta potential (Total crocin, crocetin,
picrocrocin, and safranal)

Initial Orange liquid Clear, transparent. No phase 94.85+2.25 —28.25+ 1.26 mv 25%
separation was observed

30 days Orange liquid Clear, transparent. No phase 9234+ 1.14 —2548 + 1.52 mv 24%
separation was observed

60 days Orange liquid Clear, Transparent. No phase 95.28 £ 1.47 —2438+ 1.4l mv 24%
separation was observed

90 days Orange liquid Clear, transparent. No phase 93.56 + 1.59 -27.67+ 1.35 mv 23%
separation was observed

delivery system has the ability to potentiate the efficacy of CONFLICT OF INTEREST

bioactive molecules by improving solubility and permeability,
reducing side effects, lowering the dose, improving absorption
profile, and so on [50]. The nanoemulsion can route the herbal
phytoconstituents at the targeted site by increasing the drug-
plasma concentration over a longer period of time which may
enhance the bioavailability [51].

CONCLUSION

In this experiment, we attempted the development
and optimization of w/o nanoemulsion of standardized C.
sativus extract using the spontancous emulsification method
with low energy methods for pharmaceutical applications. The
pharmaceutical characterization and quality by design studied
for optimized w/o nanoemulsion of C. sativus extract facilitates
its industrial application. The novel approach presented here
may address the limitation of traditional herbal medicines by
increased bioavailability, and controlled release of bioactive
compounds with improved therapeutic response. The in vitro
release from the formulation indicated that the formulation
would be more advantageous with controlled drug release. In
addition to this, the focused research area will widen the further
research in preclinical and clinical investigation in the field of
herbal medicines.
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