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ABSTRACT: St. John’s wort in western Europe has been extensively
utilized for the treatment of mild to moderate depression. Hypericin,
a red pigment, is found to be responsible for its antidepressant
activity. The aim of the current study was to prepare a nanoemulsion
(O/W) of hypericin designed for immediate delivery of the drug to
the brain for the treatment of depression. The nanoemulsion was
prepared by means of a homogenization technique, and that was
followed by its physicochemical evaluation. Tween-80, Span-80, β-
cyclodextrin, ethanol, and eucalyptus oil were utilized for the
manufacturing of the nanoemulsion. Morphological studies have
revealed globular structures of nanosize that were confirmed by the
zeta analysis. The consistency of particles was revealed by the low
polydispersity values. pH values of all formulations lay within the
range of nasal pH. The viscosity of the prepared formulations was
affected by the increase in concentrations of β-cyclodextrin. After passing from the centrifugation and freeze−thaw studies, the
prepared formulations showed good stability. Formulation F2 having a composition of oil phase (0.125 mL), aqueous phase (1.25
mL), and β-cyclodextrin (8%) showed the best results out of all the formulations, and F2 had a pH of 5.7, 5.35 cP viscosity, 1.332
refractive index, 148.8 globule size, and −10.8 zeta potential. The mean percentage drug release and in vitro and ex vivo percentage
drug permeations were observed to be 71.75, 76, and 75.07%, respectively. Meanwhile, formulation F2 showed the maximum drug
release and permeation. In vivo behavior studies including the open field test, elevated plus maze test, and tail suspension test were
conducted to see the antidepressant effect of hypericin along with comparison with a commercially available treatment. In
conclusion, the prepared formulation shows good efficacy as an antidepressant and can be considered as a natural alternative over
synthetic drugs.

1. INTRODUCTION

Depression is a widespread central nervous system (CNS)
disease condition. The major clinical symptoms include apathy,
loss of interest, appetite loss, etc. The World Health
Organization (WHO) estimates that more than 350 million
individuals around the world suffer from depression, and many
commit suicide each year.1,2 Depression arises majorly because
of the turbulences in the brain level of certain neuro-
transmitters, for example, serotonin, dopamine, and norepi-
nephrine, that help in delivering the messages via the
presynaptic neuron to the postsynaptic neuron.3 Various
therapies of depression include multiple drug classes such as
monoamino oxidase inhibitors, selective serotonin reuptake
inhibitors, and tricyclic antidepressants. Such drugs have been
effectively absorbed from the gastrointestinal tract (GIT) but
undergo an extensive first-pass metabolism that will be a reason
for poor oral bioavailability of less than 50%.4−6

Because of the poor central nervous system (CNS)
distribution of these antidepressants across the blood−brain
barrier, there had been an enhancement in the development of
various potential approaches for drug delivery toward the
brain. One such approach is to deliver the drug via the
intranasal route. Intranasal formulation of the drug increases its
bioavailability. As the nasal epithelium is highly permeable, it
permits the rapid drug absorption toward the brain primarily
because of a high blood flow, large surface area, and avoiding
the first-pass metabolism.7,8 The intranasal route can deliver
therapeutic effects of drugs to the brain without passing
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through the blood−brain barrier because of the special
connection between the nose and the CNS.9 The ability to
target medications to the brain more effectively is made
possible by drug absorption across the olfactory area of the
nose.10

Nowadays, nanocarriers are considered as novel drug
carriers for targeted drug delivery.11−13 Nanoemulsions are
colloidal dispersions containing two liquids that are immiscible
with each other (most often oil and water) and that are
stabilized by a surfactant.14 These are dosage forms developed
for carrying the active ingredients to their target sites. It
contains an oil phase and an aqueous phase, along with an
emulsifier. The size range of nanoemulsion droplets is 10 to
1000 nm.15 The Brownian motion of small droplets is enough
to overcome the low gravitational properties, resulting in the
appropriate physical stability. Water in oil (W/O) and oil in
water (O/W) are two types of emulsion; the latter is more
popular in pharmaceutical manufacturing of drugs than the
former because of its water compatibility and safety.16,17 For
optimal delivery of pharmacologically active lipophilic
substances, the composition and structure of nanoemulsions
can be modified.18 Nanoemulsions can be used in a wide range
of dosage forms such as liquids, aerosols, gels, sprays, and
cream. They may also be delivered in a wide range of ways,
including topically, intranasally, ophthalmologically, intra-
venously, and orally.19,20 Intranasal nanoemulsions could be
a very likely method for the direct delivery of drugs toward the
brain.21

Natural active ingredients are more likely to be used over
synthetic ones because of the safety and efficacy of drugs by
overcoming the side effects. By using natural sources, various
formulations have been designed.22−24 Saint John’s wort, also
known as Hypericum, has been among the nine genera that
belongs to the family of Clusiaceae Lindl. and is extensively
found all over the globe. In contradiction of the many rests of
the herbal products, the effectiveness of hypericin, obtained
from Hypericum perforatum, had been extensively studied in
controlled trials. Few early studies had also revealed the
antidepressant activity of hypericin25,26 and had shown that
this extract of St John’s wort is much more effective than
placebo for the very short-term treatment of moderate to mild
depressive conditions. The mechanism of action by which
hypericin exerts antidepressant activity is by the reduction in
voltage-dependent Ca2+ influx as well as a decrease in the
activity of the mitogen-activated protein kinase, depressing the
evoked release of glutamate from the cerebrocortical nerve
terminals.27,28

The current study aims to prepare a stable oil/water
nanoemulsion of hypericin followed by its physicochemical, in
vitro drug release, in vitro drug permeation, and ex vivo studies.
The prepared formulation has also been evaluated for its
antidepressant activities via in vivo behavior studies.

2. MATERIALS AND METHOD
2.1. Materials. The drug hypericin was purchased from

Adooq Bioscience LLC, California, USA. Eucalyptus oil was
purchased from Flav Chemicals Royal, China. Tween-80,
Span-80, and β-cyclodextrin were purchased from Sigma-
Aldrich, Shanghai, China. Ethanol and distilled water were
purchased from Merck KGaA Darmstadt, Germany. Fluoxetine
(Prozac) was purchased from the Clinix Pharmacy, Lahore,
Pakistan. All chemicals as well as the solvents used in this
experimental work were of analytical grade.

2.2. Method. Using a homogenizer, a high shear mixer, the
nanoemulsion was formulated.29 By varying the concentrations
of β-cyclodextrin, four formulations were prepared. The 1%
alcoholic solution of hypericin was prepared by continuous
mixing for 15−20 min. The oil phase was prepared by mixing 1
mL of eucalyptus oil with 0.5 mL of Span-80 in a beaker, and
then the hypericin solution was added dropwise with
continuous stirring for 30 min. For the preparation of an
aqueous solution, initially, different concentrations of β-
cyclodextrin were prepared in distilled water. The aqueous
phase was finally prepared by the addition of β-cyclodextrin
solution in 0.5 mL of Tween-80 under continuous stirring.
After that, a stable solution was formulated by gradually adding
the oil phase to the aqueous phase under continuous mixing.
This mixture was then subjected to homogenization for 30 min
at 10,000 rpm using a high shear homogenizer. The
compositions of all prepared formulations are shown in
Table 1. Figure 1 depicts a graphical representation of the
whole process that was adopted to manufacture the nano-
emulsion.

3. CHARACTERIZATION OF THE NANOEMULSION
3.1. pH, Viscosity, and Refractive index (RI). To check

the pH of the formulations, an ADWA pH meter (AD1050)
was used, and all the readings were recorded at room
temperature (25 °C). The viscosity of the nanoemulsion is a
very essential property that affects drug absorption and
pourability.30 By using a viscometer (Brookfield-model RV-
III, New Castle, DE, USA), the viscosity of the produced
formulations was determined at 25 °C using spindle no.4, and
the readings were recorded. The refractive index (which can be
used to show how the drug interacts chemically with
excipients) was measured to evaluate the nanoisotropic
emulsion’s character. Using a refractometer (ATAGO,
Tokyo, Japan), the refractive index of the formulations was
measured.
3.2. Scanning Electron Microscopy (SEM). The

morphology and structure of nanoemulsion droplets were
examined using a scanning electron microscope (EVO LS10
Zeiss Germany) at a point-to-point resolution.31 A drop of the
nanoemulsion was placed to the grid of the holey film, and the
images were taken after drying.32

3.3. Globule Size, Polydispersity Index (PDI), and
Zeta Potential Analysis. The size of globules of the
nanoemulsion plays a very substantial part in the permeation
of drugs via the nasal cavity.33 The typical diameter of an
olfactory axon is around 200 nm in various species;
nonetheless, in the case of humans, it varies from 100 to 700
nm.34 Therefore, the size of globules of these novel
formulations ought to be lower than 200 nm for effective
permeation of the drug. Globule sizes of the prepared
formulations were determined by using a Malvern Zetasizer
(Malvern Instruments Ltd., Worcestershire, UK). The sample

Table 1. Composition and Percentage of βeta-Cyclodextrin
in Formulations

formulation oil phase (mL) water phase (mL) beta-cyclodextrin (%)

F1 0.125 1.25 4
F2 0.125 1.25 8
F3 0.125 1.25 12
F4 0.125 1.25 16
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was diluted with distilled water and then placed in a cuvette
and analyzed.
The proportion of the standard deviation to the mean

droplet size is known as the polydispersity index.35,36 This
reveals the constancy of the droplet size throughout the
formulation. The higher the polydispersity value is, the lower is
the homogeneity of the size of droplet in the formulation. The
polydispersity index (PDI) was analyzed using a Malvern
Zetasizer (Malvern Instruments Ltd., Worcestershire, UK). All
samples were analyzed at 25 °C.
The zeta potential is the magnitude of electrostatic repulsion

or attraction among particles. This is a crucial parameter that
affects the nanoemulsion stability. This confirms that
flocculation or aggregation is not present; thus, it leads to a
very stable formulation with a better shelf life. The surface
charge of droplets was determined by the zeta potential, which
is majorly accountable for the stability of the colloidal
dispersions.4 The zeta potential was evaluated by using a
Malvern Zetasizer (Malvern Instruments Ltd., Worcestershire,
UK). Zeta potential measurements were made by diluting
nanoemulsion formulations, and their values were then
determined by the electrophoretic mobility of the oil droplets.
3.4. Dilution Test. The idea behind this test is that a

nanoemulsion can have a higher proportion of continuous
phase added to it without any stability issues.37 To check this, a
1 mL sample of the nanoemulsion was taken in a test tube, 4
mL of water was added in it, and then it was observed.
3.5. Dye Soluble Test. A water-soluble dye is dispersible

inside the O/W globule but solubilized in the aqueous phase of
the W/O globule.38 To observe this, 1 mL of the nano-
emulsion along with some droplets of the hydrophilic color
(amaranth) was thoroughly mixed in an Eppendorf tube. The
formulation was evaluated using a fluorescence inverted
microscope (DFC310 FX, Leica, Solms, Germany).
3.6. Fourier Transform Infrared Spectrophotometer

(FTIR). The most influential instrument for recognizing the
various kinds of chemical bonds or functional groups is a
Fourier transform infrared spectrophotometer (FTIR). Spectra
were recorded in the FTIR instrument (PerkinElmer Spectrum
Two, USA) by means of PC-based software-controlled
instrument operation and processing of the data. The
wavelength of light absorbed is a prominent feature of the
chemical bond, as could be seen in an annotated spectrum. By

interpretation of the infrared absorption spectrum, multiple
chemical bonds in a compound could be determined. For
FTIR analysis, a small quantity of all samples as well as all of
the formulations was used. Data of infrared transmittance were
screened over a wavenumber between 600 and 3800 cm−1.
3.7. Stability Studies. 3.7.1. Centrifugation. To check the

stability of nanoemulsions, the prepared formulations were
centrifuged at 5000 rpm for 30 min in a Sorvall Legend RT
centrifuge (US),39 and then these formulations were observed
for any phase separation, creaming, or cracking.

3.7.2. Freeze−Thaw Method. The stability of the nano-
emulsions at high and low temperatures was assessed. Prepared
formulations were stored at a low temperature (−21 °C) for 24
h and then were directly thawed at a relatively high
temperature (40 °C) for 1 h.39 After that, they were examined
for any phase separation and cracking/creaming.
3.8. In Vitro Drug Release Studies. By using the USP

Rotating Paddle Dissolution Apparatus (USP II Sotax Smart
AT7 Dissolution Tester) at 37 °C and 50 rpm, drug release
tests were carried out. The phosphate-buffered solution (pH
6.8) was used to fill the apparatus' vessels. Each dialysis
membrane was filled with 1 mL of each formulation and tied at
both ends. Then these membranes were hung by a thread to
the paddles of each vessel that had been already filled with the
buffer solution.40 The samples (1 mL) were taken out from
each vessel, suitably diluted, and then subjected to UV analysis.
3.9. In Vitro Permeation Studies. The Franz diffusion

cell (Variomag Telesystem, H+P Labortechnik, Obers-
chleißheim, Germany) was used to perform the permeation
studies. In the recipient compartment, 7 mL of the buffer was
added, and 1 mL of the sample was then added in the donor
compartment. A cellophane membrane was placed between the
donor and the recipient compartment. The drug was allowed
to permeate across the cellophane membrane. The samples,
each 1 mL in volume, were collected at various intervals of
time and sufficiently diluted before being subjected to UV
analysis.40

3.10. Ex Vivo Permeation Studies. For the ex vivo
permeation studies, goat nasal mucosa was selected. The
mucosal layer of the nasal cavity was separated on the day of
the experiment from the goat head, which was obtained from a
local slaughterhouse. To be more precise, the nasal membrane
was separated by using a surgical scissor. Throughout the

Figure 1. Graphical representation of the method of preparation.
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isolation, the mucosal layer was preserved and hydrated by
using the saline solution. The receptor compartment (7 mL) of
the Franz cell was filled with phosphate buffer (pH 6.8). The
mucosal layer was placed between the donor and receptor
compartments, with the mucosal side toward the donor with a
0.63 cm2 diffusion area. The medium temperature was
maintained at 37 ± 0.5 °C. One milliliter of the sample to
be studied was poured on the donor compartment. Samples
were withdrawn from the receptor compartment after 5, 10, 20,
30, and 60 min. The receptor compartment volume was
substituted by an equivalent volume of a fresh medium of
buffer. To calculate the percent drug release, samples
withdrawn were suitably diluted and then analyzed by a UV
spectrophotometer.
3.11. In Vivo Behavioral Study. The Institutional Animal

Ethical Committee, University of Central Punjab, Lahore,
Pakistan, authorized the experimental protocols for conducting
the animal studies. Animals (Swiss albino rats) weighing 100−
150 g were obtained from the animal facility of the University
of Central Punjab, Lahore, Pakistan. All animals (equal number
of males and females; n = 8) were divided into four main
groups. The social isolation model and tail hanging model were
used for induction of depression for up to 21 days. Groups II
to IV were subjected to a depression model. Food and water
supplies were maintained with controlled temperature and
humidity. Groups were as follows: group I, normal rats (−ve
control); group II, animals exposed to a depressive environ-
ment (+ve control); group III: depressed rats treated with
hypericin; and group IV, depressed rats treated with the
marketed formulation (fluoxetine).41,42

3.11.1. Tail Suspension Test (TST). In this test, the isolated
rats were suspended with adhesive tape in each chamber. The
mouse should not touch the walls and is placed in the middle
of the compartment.43 The animal was said to be immobile if
its limbs were not moving when it was passively hanging. For
the tail suspension test, specially constructed wooden tail
suspension boxes (60 cm height, 40 cm width, and 30 cm
depth) were employed. Every rat was placed inside a separate
three-walled rectangular enclosure to prevent the animals from
watching or interacting with one another. The top of each
compartment box had a 1 cm wide × 60 cm long aluminum
suspension bar that was utilized to suspend the tail of each
mouse.

3.11.2. Open Field Test. Stressed rats exhibit a decrease in
open-field activity and an increase in stereotyped behavior.44,45

Thigmotaxis (moving toward that solid object) is a character-
istic of rats who like to stay close to walls and move more on
the periphery, and it is more apparent in rats who exhibit
depressive symptoms. Rats with less sadness are more likely to
spend time in the open, middle part of the box.46,47 For
conducting the open field test, the open-field apparatus
consisted of a wooden box with dimensions of 105 cm length,
60 cm width, and 40 cm depth.48 Rats were randomly placed in
one corner of the behavioral box and allowed to explore freely
for 3 min. Activities in the open field were recorded for 3 min
including number of circular motion, number of head raise,
and number of times rat had come in the center of the box as
well as in the corner of the box, and the number of times rats
climbed was also recorded.

3.11.3. Elevated Plus Maze Test (EPM). This test was
carried out in accordance with the previously conducted
research studies.49,50 To conduct this test, an elevated plus
maze apparatus was employed. This apparatus was made up of

two opposed open arms that measured 48 cm long by 10 cm
wide and two enclosed arms that measured 48 cm long by 10
cm wide and 60 cm tall, all linked by a central platform to form
the appearance of a plus sign. The middle field unites both the
open and closed arms. Each rat was positioned individually in
the apparatus’ center field, facing one of its closed arms.
Animal behavior was recorded for 3 min. After every rat, the
device was cleaned with a disinfection solution with no odor.
The frequency of entrances into open and closed arms as well
as the length of time spent in open arms was counted.51

4. RESULTS AND DISCUSSION
4.1. pH, Viscosity, and Refractive Index. The pH of all

the prepared formulations lay in the nasal pH range (4.5−
6.4),52−54 signifying its nonirritant nature. Because the
prepared formulations were oil in water (O/W) nano-
emulsions, the viscosity was expected to be lower, favoring
the administration of nanoemulsions via the nasal cavity.55 The
viscosity of prepared nanoemulsion formulations ranges from
3.57 to 8.43. The refractive index of nanoemulsions shows a
mean value of 1.329, signifying the clear isotropic nature of the
formulations. Table 2 shows all the pH, viscosity, and refractive
index values of the prepared formulations.

4.2. Scanning Electron Microscopy (SEM). Scanning
electron microscopy was performed to examine the surface
morphology of the particulate carriers. The outcomes (Figure
2) revealed nanosized spherical-shaped globules. Moreover,
particles are evenly distributed and well separated from each
other, indicating a stable formulation.
4.3. Globule Size, Polydispersity Index (PDI), and

Zeta Potential Analysis. Globule size is a crucial parameter
that is of very high importance when formulating a
nanoemulsion. Table 3 indicates that the globule size of all
the prepared formulations ranges between 93.42 and 236 nm.
The smaller globule size indicates that the formulation is more
stable. A recent study had stated that nanoemulsions with an
average globule size of 200 nm showed a much larger rate as
well as extent of drug absorption as compared to the average
globule size of 700 nm via the olfactory pathway.34 Further, Dv
(intensity-weighted distribution of particles) or Dz (volume-
weighted distribution of particles) mentioned in the Table 3
after size analysis of nanoemulsion F2 is shown in Figure 3.
PDI generally ranges from 0 to 1, where 0 (zero) stands for a

monodisperse system and 1 for a polydisperse particle
dispersion.56 The formulations’ low polydispersity values
(0.320−0.531) in Table 3 show the consistency of particle
diameter within the formulations. The zeta potential values of
formulations were measured and ranged between −10.8 and
−12.8 mV, indicating the formation of a stable nanoemulsion.
The zeta potential of nanoemulsion F2 is shown in Figure 4.
4.4. Dilution Test. O/W nanoemulsions with a polarity of

2:1 can be diluted with water, whereas W/O could not be
diluted with water and undergo phase inversion. The prepared

Table 2. pH, Viscosity, and Refractive Index Readings of the
Prepared Formulations

formulations pH viscosity (cP) refractive index

F1 5.2 3.57 1.327
F2 5.7 5.35 1.332
F3 6.1 6.44 1.329
F4 5.9 8.43 1.331
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nanoemulsions were diluted with water, and no phase
separation was observed, indicating that the nanoemulsions
were O/W nanoemulsions.
4.5. Dye Solubility Test. When a water-soluble dye is

added in an O/W nanoemulsion, the aqueous phase of the
nanoemulsion takes up that color.57 Figure 5 clearly shows the
uniform distribution of amaranth dye in the aqueous phase
indicating that the prepared nanoemulsions are O/W nano-
emulsions.
4.6. Fourier Transform Infrared Spectroscopy (FTIR).

Pure hypericin, ethanol, β-cyclodextrin, Tween-80, Span-80,

eucalyptus oil, and all the nanoemulsion formulations (F1−F4)
were subjected to FTIR as demonstrated in Figure 6. The
FTIR spectrum of eucalyptus oil showed peaks at 2924.05
cm−1 due to alkane C−H stretching vibrations, at 1465.13
cm−1 due to alkane C−H bending bands, and at 1375.31 cm−1

due to phenol O−H bending bands. Peaks from 1167.25 to
1214.24 cm−1 showed sulfone S�O stretching bands. Alcohol
C−O stretching bands were from 1053.23 to 1079.15 cm−1,
and alkene C�C bending bands were from 842.39 to 983.78
cm−1. A previously conducted research58 had shown similar
peaks of the FTIR spectrum of eucalyptus oil. The FTIR

Figure 2. Scanning electron microscopy indicating nanosized particles with suitably spherical oil globules of prepared formulations.

Table 3. Globule Size, Polydispersity Index (PDI), and Zeta Potential of Prepared Formulations

formulations Z-average (nm) Dv (nm) Dz (nm) %age polydispersity index (PDI) zeta potential (mV)

F1 93.42 110 97 66 0.320 −11.5
F2 148.8 160 154 84 0.445 −10.8
F3 117.2 128 122 72 0.398 −12.0
F4 236 244 239 74 0.531 −12.8
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spectrum of β-CD exhibited intense absorption peaks at 3305
(O−H stretching vibrations), 2929 (C−H stretching vibra-
tions), 1641 (HO-H bending vibration), and 1151 and 1020
cm−1 (C−C, C−O−C stretching vibration). These results are
comparable with an earlier study.59 The FTIR spectrum of
Tween-80 showed a broader peak at 3368.80 cm−1 due to
aliphatic primary amine N−H stretching bands. A sharp peak
was present due to secondary alcohol C−O stretching bands at
1121.58 cm−1, anhydride CO-O−CO stretching bands at
1042.09 cm−1, and 1−4 substituted C−H bending bands at
821.55 cm−1, comparable with the study previously performed.
The FTIR spectrum of formulations (F1−F4) showed similar

peaks to those of the reported spectrum of pure drug and other
excipients used, confirming the stability of the formulations.
4.7. Stability Studies. 4.7.1. Centrifugation. After

centrifugation for 30 min, it was observed that there were no
signs of phase separation, cracking, or creaming. Recent studies
had suggested that in both industrial and scientific contexts,
the process of centrifugation involves using a centrifuge to use
the centrifugal force to separate heterogeneous mixtures.
However, after the test was performed, no sedimentation of the
layers or particles has been observed.

4.7.2. Freeze−Thaw Method. After the freezing (24 h) and
thawing (1 h) processes, the stability of formulations was
observed. No phase separation, creaming, or cracking was

Figure 3. Globule size analysis of nanoemulsion F2.

Figure 4. Zeta potential of nanoemulsion F2.

Figure 5. Dye solubility test (F1−F4) indicating oil-in-water (O/W) nanoemulsions.
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observed after this whole process, indicating that it is a stable
nanoemulsion.

4.8. In Vitro Drug Release Studies. The cellophane
membrane was used for the drug release studies. The samples

Figure 6. FTIR spectrum of (A) hypericin drug, (B) beta-cyclodextrin, (C) Span 80, (D) eucalyptus oil, (E) Tween 80, (G) ethanol,
nanonemulsion F1, nanoemulsion F2, nanoemulsion F3, and nanoemulsion F4.

Figure 7. Graphical representation of drug release studies of the pure drug (hypericin) and prepared formulations. One-way ANOVA was applied
to check statistical significance. Each bar in the graph represents means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001.
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were drawn out after 5, 10, 20, 30, and 60 min and evaluated
spectrophotometrically at a wavelength of 590 nm, and the
absorbance of each sample was recorded. Figure 7 shows the
percentage drug release of the formulations. F2 (79%) had
been shown to have the highest drug release among all the
formulations, with an average percent drug release of all the
formulations calculated of about 71.75%.
4.9. In Vitro Permeation Studies. Samples were drawn

out after 5, 10, 20, 30, and 60 min from the start of the process,
and the absorbance were recorded at a wavelength of 590 nm.
The graph between the concentration and absorbance was
plotted. Figure 8 shows the graphical representation of
percentage drug permeation of the formulations through the
membrane. F2 (86%) had shown the highest drug permeation
among all the formulations, with the average drug permeation
of all the formulations calculated as 76%.
4.10. Ex Vivo Permeation studies. Samples were

analyzed at 590 nm after 5, 10, 20, 30, and 60 min, and

percentage drug release was calculated for each formulation.
Figure 9 shows the percentage drug release of the formulations
from the nasal mucosa. F2 (84.06%) was shown to have the
highest drug permeation among all the formulations, with the
average drug permeation of all the formulations calculated to
be about 75.07%.
4.11. In Vivo Behavioral Studies. 4.11.1. Tail Suspen-

sion Test (TST). Comparison of the antidepressant potency of
the prepared formulation with that of a commercially available
antidepressant was carried out effectively using the tail
suspension test. Figure 10 shows an exceedingly intriguing
outcome of the current investigation, where hypericin
administration increased mobility under stress in the tail
suspension test when compared with the marketed formulation
(MF).

4.11.2. Open Field Test. An open field test was also
conducted. A number of important conventional and
ethological parameters can be collected and analyzed.60,61

Figure 8. In vitro permeation release of the pure drug (hypericin) and prepared formulations. One-way ANOVA was applied to check statistical
significance. Each bar in the graph represents means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001.

Figure 9. Ex vivo percentage drug release of pure drug (hypericin) and prepared formulations. One-way ANOVA was applied to check statistical
significance. Each bar in the graph represents means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001.
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Parameters such as circular motion, head raise, climbing,
corner, and center were analyzed before inducing depression,
after inducing depression, and after administering hypericin via
the intranasal route and the marketed formulation (MF) orally.
Compared with the healthy rats, when depression was induced,
all of the parameters had shown a significant reduction,
indicating the decreased autonomous exploration and sponta-
neous activities and increased depression. Results demon-
strated in Figure 11 clearly depict the rapid therapeutic effects
of hypericin.

4.11.3. Elevated Plus Maze Test (EPM). In the EPM test, a
number of entries were observed during the study. At first, the
entry of normal animals was observed in both open and closed
arms. Afterward, the depression induced entries were observed
in both open and closed arms, and lastly, hypericin and
marketed formulation (MF) induced activities were observed
and compared. The significant difference in the entries of
animals in the open arms and closed arms suggested that
hypericin had shown to be eliminating the depression from the

animals when compared to the +ve control group as shown in
Figure 12A,B.

5. DISCUSSION
Currently, depression is considered as a global disorder, and
the number of people suffering from depression is increasing
day by day. Unfortunately, many antidepressant drugs have
shown undesirable side effects, and about 30% of the patients
have not responded to these drugs.62 Therefore, seeking safe
and effective antidepressant drugs from natural and traditional
herbs might aid us in discovering a novel approach for the
treatment of depression. Hypericin, commonly found in the St.
John’s wort, has been utilized in various countries for treating
depression.63,64

Several studies have reported that the intranasal route can be
a good option as a nose to brain targeting approach for treating
the depressive disorders.21,65−68 Trigeminal and olfactory
pathways have been considered to be merely the routes via
which the brain is linked to the outside environment [69,70].
Drugs with limited oral bioavailability because of substantial
metabolism have been studied using this route as a viable
alternative.71−73 Additionally, the utilization of this nasal route
of administration of medication allows the various therapeutics
to avoid the first-pass effect. So, intranasal doses are frequently
considered to be 2 to 10 times lower than doses that are
administered orally.74 To deliver the medication directly
toward the brain through trigeminal, olfactory, and neuronal
routes, a very large number of novel formulations are currently
being thoroughly explored.
In recent years, nanoemulsions (NEs) have been given

considerable attention for intranasal drug delivery, and this has
been attributed to their benefits including the ability to
safeguard the drug from chemical or biological degradation, the
ability to improve drug absorption by inducing mucoadhesion,
and the capacity to form a positive electrical surface for
enhancing nasal residence time.75 NEs could be utilized for
solving the issues of stability and solubility of the drug.76,77

Drugs that are hydrophobic are dissolved in the oily phase, and
when the drug is released from the nanoemulsion and comes in
contact with the nearby environment that is aqueous,
nanoprecipitation occurs. This phenomenon governs the
particle formation with an extremely high surface as well as
significant enhancement of dissolution rate of drugs according

Figure 10. Tail suspension test indicating immobility and struggle of
−ve ctrl, +ve ctrl, hypericin, and marketed formulation (MF). One-
way ANOVA was applied to check statistical significance. Each bar in
the graph represents means ± SEM. *P < 0.05; **P < 0.01; ***P <
0.001 (n = 8 per group).

Figure 11. Open field test indicating circular motion, head raise,
climbing, corner, and center of −ve ctrl, +ve ctrl, hypericin, and
marketed formulation (MF). One-way ANOVA was applied to check
statistical significance. Each bar in the graph represents means ±
SEM. *P < 0.05; **P < 00.01; ***P < 0.001 (n = 8 per group).

Figure 12. Elevated plus maze test open arm (A) and closed arm (B).
One-way ANOVA was applied to check statistical significance. Each
bar in the graph represents means ± SEM. *P < 0.05; **P < 0.01;
***P < 0.001 (n = 8 per group).
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to the Noyes−Whitney equation.78 Nanoemulsions could also
be utilized for carrying products from natural origins.79,80

In a recent study,4 paroxetine O/W nanoemulsions have
been prepared for nose to brain targeting by utilizing the
spontaneous emulsification method. The ex vivo studies have
shown a threefold improvement in comparison to the
paroxetine suspensions. Moreover, in the in vivo studies, NEs
had expressively enhanced the behavioral activities of rats. In
another study, kaempferol-loaded nanoemulsions had been
made for direct brain targeting.81,82

In the current study, different formulations of nano-
emulsions were prepared by varying the β-cyclodextrin
concentrations. β-Cyclodextrin is frequently used owing to
its appropriate size of cavity for interacting with a wide variety
of hydrophobic guest particles, particularly phytochemicals and
drugs. Furthermore, a few more studies have described that
production of an inclusion complex with polyphenols enhances
its effect as an antioxidant, which might result in increased
solubility of the biological component.83−86 Ethanol, Tween-
80, Span-80, and distilled water were the other chemicals that
were utilized for the manufacturing of nanoemulsions.
The prepared formulations had shown nanosized droplet

size (Table 3), indicating greater surface area and thus favoring
the transit through the nasal membrane leading to better
hypericin release from nanoemulsions, therefore increasing the
bioavailability of drugs.87 The small droplet size can also result
in uniform spreading due to low interfacial tension and
improved wettability. The PDI value indicates the uniformity
of droplet size within the nanoemulsion. PDI values of the
prepared formulations were mostly found to be less than 0.50,
indicating a narrow size distribution.88 Uniform-sized droplets
in our formulation ensure the stability of our formulations.
The pH of all prepared formulations lies within the range of

nasal pH (3.5−6.4),52 which indicates their nonirritancy. The
low viscosity confirms the rapid drug release from nano-
emulsions, therefore making sure of fast absorption as well as
quick onset of action. Generally, a low viscosity also indicates
small size of the droplets and higher aqueous content.89 A
recent study had also documented that the viscosity of the
nanoemulsions had been affected by the size of droplets.90 A
lower viscosity is an ideal characteristic of the O/W
nanoemulsion.91 The refractive index also indicates the clear
isotropic nature of all of the formulations. SEM has indicated
the clear distribution of oil droplets in the aqueous phase. It
has also revealed the presence of nanosized droplets in the
external phase of all the formulations.
For a physically stable nanoemulsion, a charge value of ±30

mV is required.92 All the prepared formulations have shown
zeta potential values that lie within this range, suggesting that
the prepared formulations were very much stable. In the
literature, it was reported that a high PDI indicates the
formation of a bimodal distribution, with one population of
small droplets of around 15.3, 15, and 17 nm for nano-
emulsions and another population of large droplets of around
465, 517, and 534 nm, respectively, as reported by Mayer et
al.93 On the other hand, the full particle size distribution
measurements indicated that some droplet aggregation had
occurred in case of emulsion, resulting in bimodal distribu-
tion.94 The FTIR spectrum of all the prepared formulations
(F1−F4) had shown peaks very similar to those of the
reported spectrum of pure drug and all of the other chemicals
used. Stability studies indicated no phase separation or other
instability in the formulations.

Drug release studies were performed using dissolution
studies, and permeation studies were performed via Franz cell
studies. It was observed that all the formulations had shown
slightly different patterns of the release and permeation of the
drug that are linked to concentration of beta-cyclodextrin. But
overall, better results were seen with F2.
Animal behavior studies were used to evaluate the

antidepressant effect of prepared formulations,95,96 and upon
comparison with control groups as well as with the marketed
formulation, it was found that all the behavioral parameters
had shown a significant decrease in depression after the
administration of hypericin (Figure 11).

6. CONCLUSIONS
The intranasal route is extensively used to exploit target drugs
for the treatment of depression. Exploration of the olfactory
region of the nasal mucosa can further add fuel to this research.
The stable and suitable formulation of the nanoemulsion has
been developed and evaluated successfully. pH values lie
within the range of the nasal pH. The low viscosity indicates
that the prepared formulations have nanosized droplets. The
globule size indicates the formation of the nanosized droplets
in the prepared formulations. Stability studies have shown the
formation of a stable formulation. Results of permeation
studies confirm the rapid hypericin permeation as well as
prominent percentage drug release, indicating a possibility to
provide a rapid antidepressant effect. The in vivo studies prove
that hypericin could be an interesting candidate of natural
source for the treatment of depression over available synthetic
formulations.
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