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Abstract

The aim of this study is to prove the antifungal and antibacterial activity of Ginko biloba GKB from glycerin
nanocapsules and nanoemulsions. GKB was formulated as spray formulation for topical application using ethyl alcohol
95%/glycerol/water based formulations. GKB spray was evaluated for their particle size distribution, pH, content
uniformity, content per spray, in vitro release and antifungal activity. The antifungal activity was determined by Agar well-
diffusion method. The formulae were tested for their skin permeation and the stability of the formulations. The results
showed uniform formulae with nano-sized particles, pH compatible with the topical formulation and higher drug content.
Diffusion studies of the optimized formulations through the abdominal rabbit skin showed higher penetrated drug over a
period of 24 h. Stability studies indicated that formulations were stable. Skin irritation studies confirmed the compatibility
of spray formulae with skin. Agar well-diffusion method showed that GKB was effective compared with fluconazole. The
inhibition zones for all formulae were significant as compared with standard fluconazole. The results obtained showed
that the topical spray formulation could be a promising and innovative therapeutic system as topical antifungal for the
transdermal administration of GKB. The developed formulation can be used for delivery from spray formulation. This

study proved the local activity of GKB as antifungal drugs.
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Introduction

Several different antifungal preparations were used to treat various
fungal infections [1,2]. They are formulated as sprays, creams, solutions,
ointment, shampoos, vaginal tablets, oral medicines, and injections [3].
The duration of treatment depends on kind of fungal infection, health
problems of the infected patient, problems associated with immune
system and types of formulations. The courses of treatment can be as
short for few days or long for months [4].

Antifungal liquids or sprays (topical antifungals) can be used to
treat skin fungal infections, scalp and nails [5]. These antifungal drugs
can cause various type of adverse effect such as burning or redness at
the site of application [6,7]. It was reported that 80 endophytic fungi
were isolated from GKB, they were active against the chosen fungi
using the agar diffusion method. The study indicated that GKB could be
used as a fungicide to defend host plants against pathogenic organisms
[8]. GKB has antifungal activity against some kind of endophytic. GKB
extract holds flavonoid glycosides and unique terpene lactones as main
active constituents [9].

Here GKB is presented for the 1* time as a new finding antifungal
drug for human. It was formulated as novel spray formulations as safe
natural product which have no side effects and are easy to use. GKB
spray is a favorite antifungal medicine for curing all types of fungal
infections, since it can be used it to reduce itching, burning and scaling
accompanied with all kinds of Tinea infections. The aim of this study
was to formulate spray formula containing GKB and to verify the
antifungal and antibacterial action of GKB. GKB was formulated as
spray formulation for topical application using ethyl alcohol, glycerol
and water established formulations. GKB spray was assessed for
numerous parameters such as particle size distribution, pH, drug
content per spray, content uniformity, in vitro release and antifungal
activity. The established formulation was used for delivery from spray
formulation. The antifungal activity was determined by Agar well-
diffusion method.

Materials and Methods
Materials

Ginkgo biloba was kindly supplied from Liptis pharmaceuticals,
Cairo, Egypt. Glycerol, ethyl alcohol (95%) and whatmann paper were
purchased from, El-Gomhoria Chem. Co., Cairo (Egypt). Glass botle
and spray pumps were purchased from Measom Freer, Wigston, UK.
All chemicals were of analytical grades. All glasswares were thoroughly
washed with freshly prepared aqua regia (HCI: HNO,, 3:1), extensively
rinsed with Millipore water several times and oven-dried at 50°C for
2-3 hours before use.

Methods

Selection of excipients: Formulae were prepared using aqueous,
non-aqueous diluents, co-solvents, and permeation enhancers as
shown in Table 1. Ethyl alcohol 95% and water were selected as solvents
for formulating of spray formulae due to the good solubility of GKB
in these solvents [10]. Glycerol was used as a permeation enhancer
and as coating material for GKB [11]. F, were found to be optimized
formulation (Table 1).

Selection of containers and spray pumps: Glass bottles with a
cubic figure carved at the base were employed for filling the transdermal
spray formulae. The selected spray pumps can be used not only for body
spray but also for hairspray, sunscreen, insect repellent, mist sprays,
lens & glass cleaning solutions [12]. Spray pumps were chosen with
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Parameter F3
Spray pattern Have high uniformfiim:nd spreadability of
Mean particle size (nm) (+SD) 555.6+2.5
Evaporation time 1-1.1m
Leakage from container No leakage

pH 6-6.5
Drug content per spray (%) (+SD) 104.06 (x1.721)
Content uniformity (%) (£SD) 101.65 (+1.569)
Poly dispersity Index (PDI) 0.3

Zeta potential +43.7 +3.23
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F2 F1
High precipitate and low uniformity of | High precipitate and low solubility of

films. films.

908.3 + 3.1 901.1+1.2

1.2-1.3m 1.2-1.4m

No leakage No leakage

6.6-6.9 7.1-7.2

105.01 (£0.13) 102.78 (+1.153)
103.78 (+0.462) 104.02 (+1.432)
0.4 0.33

+337 429 +56 + 11

‘Qualitative tests carried out for optimized GKB spray formulations (n=3). “Quantitative tests carried out for GKB spray formulations (n=6).

Table 1: Characterization of ginko biloba spray formulations.

over-cap (Diameter 18 mm, Height 39 mm, Neck Size 15 mmR4, Dose
120 pl, min 1,000 for Spray Pump) as it is more suitable for body spray.

Formulation development of topical spray preparation: GKB
spray formulations were developed as topical solutions made up of
ethyl alcohol 95%, and water dissolved in one phase [10]. Glycerol was
used in this formula as enhancer and as coating material for GKB [11].
Briefly, GKB was dissolved in required amount of water and stirred for
1 hr as. The required amount of glycerol were added to the aqueous
solution of GKB and stirred for another 1 hr. The dissolved GKB
solution were dropped on the half amount of ethyl alcohol 95% and
stirred for 3 hrs. The total volume of the system was adjusted with ethyl
alcohol 95% to 1 L. GKB were formulated as spray using ethyl alcohol
95%, water and glycerol in different concentrations. GKB was dissolved
in this aqueous solution with concentration of 6 gm/1 L. The overall
solution containing GKB was stirred for 1 hr to completely dissolve
GKB. GKB solution was purified using whatmann paper. GKB solution
was accurately filled in specially designed glass bottles capped with
atomizer.

Characterization of developed spray formulations

Particle size distributions: Particle size distributions were achieved
using the Malvern zetasizer nano 6.01 (Malvern Instruments Ltd, UK).
The sampling time was set automatically; three measurements were
permitted to perform each 10 sub-runs. All measurements were carried
out in alcoholic solution [13-17].

Evaporation time and pH of solution: To test the evaporation time,
GKB formulae were sprayed on ethyl alcohol sensitive paper and the
drying time or evaporation time were noted. The pH value of the spray
holding GKB was estimated using a digital pH meter (3500 pH meter,
Jenway, UK). The transparency and thickness of the misted films were
also reported [18,19].

Efficiency of the pump seal: Efficiency of the pump seal and its
ability to stock the contents of the product was estimated by leak test/
Pump seal effectiveness test. The occupied containers under test were
located in the upright position at 30° for known time. The bottles were
balanced before and after the test stage. The variation in the weight
of the bottle was written down and the leakage rates were anticipated
[18-20].

Drug content: The drug content per spray was determined
spectrophotometerically at A~ 380 nm using UV-Visible
Spectrophotometer (Shimadzu, Japan, UVPC personal spectroscopy,
software version 2), and the drug content was determined using
equation 1. Briefly, | mL of this solution was diluted with citrate buffer

to 25 mL in volumetric flask. Then the solution was analyzed for GKB

conc spectrophotometrically at X\ 380 nm against a blank solution
prepared in the same manner using aqueous alcoholic spray [19-22].

Drug content%=[Concentration of entrapped drug]/[Total drug
concentration] x 100 (1)

In vitro skin permeation experiments: In vitro penetration studies
were carried out using abdominal male rat skin (150 + 25 g). To
obtain the skin of the rats, animals were first sacrificed. It was fixed
on a modified Franz diffusion cell with a surface area of 7.0 cm?. The
dissolution medium was citrate buffer at pH 6 thermostatic at 37° and
stirred with a magnetic stirrer. One mL of this solution was diluted
with citrate buffer to 25 mL in volumetric flask. Then the solution was
analyzed for GKB spectrophotometericallyat\ 380 nm againstablank
solution prepared in the same manner using GKB spray [18,19,21,22].
Each penetration experiment was frequented 6 times. Percentage
cumulative amounts of drug penetrated were plotted as a function of
time. Approval of the Institutional Animal Ethical Committee was
obtained prior to the commencement of skin irritation studies from
the faculty of medicine, Asyut University, Asyut, Egypt. Moreover, the
flux was calculated from the slope of the linear portion of the obtained
curve. The permeability coefficient (K ) of GKB crossways rat skin was
calculated using FicK’s first law of diftusion, which is expressed by the
following equation:

k=L @
C

Where; ] is the flux (mg/cm?/hr) and C is the drug concentration in
donor compartment.

Stability studies: The conventional formulations were set aside for
stability testing. The chemical stability of the formulations was estimated
by valuation of the percentage drug residual in the formulations, drug
release pattern, observing any change in pH, appearance, spray pattern,
leakage rate and average weight per actuation assessed physical stability
[14,18].

Skin irritation studies

The optimized formulations were sprayed on the scrap of shaved
skin and observing the resulting reactions such as erythema and edema
after 24 h. Briefly, five human volunteers were selected with age of 30-40
years, having no history of allergy against GKB, and the test formulation
was applied to the back of hand on an area of 2 square inch. Then, the
volunteers were observed for appearance of lesions or irritation [14,18].

Antifungal activities: The study of antifungal activity for GKB spray
formula was carried out using different strains of fungi and bacteria.
The antifungal activity of dry powder of GKB formulae was determined
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by agar well-diffusion method [23,24]. The media used was Mueller-
Hinton agar at only 4 mm deep, poured into 100 mm or 150 mm Petri
dishes. The pH level of the agar must be between 7.2 and 7.4. Briefly, the
work was done using aseptic technique. A sterile swab was placed into
the broth culture of a specific organism and then the excess liquid was
removed by gently pressing or rotating the swab against the inside of the
tube. To obtain uniform growth, the plate was streaked with the swab
in one direction, the plate was rotated at 90° and the plate was splashed
again in that direction. The plate was allowed to dry for approximately
5 minutes. Antibiotic discs containing specific antibiotics were
distributed onto the plate. Using a flame-sterilized forceps, each disc
was gently pressed to the agar to ensure that the disc is attached to the
agar. The plates were incubated overnight at an incubation temperature
of 37°C (98.6°F). Inoculation was made with a diluted broth culture to
match a 0.5 McFarland turbidity standard, which is roughly equivalent
to 150 million cells per mL. The inhibition zones for all GKB formulae
were measured as compared with fluconazole as a standard antifungal.

Statistical analysis: All statistical analysis was performed using
One-way analysis of variance ANOVA. Minitab® 16 Statistical Software
with the Tukey’s multiple comparison was employed for comparing
the formulations with each other. Statistically significant differences
were assumed when p<0.05. All values are expressed as their mean *
standard deviation [18].

Result and Discussion

Spray formulae

Formula consisting of ethyl alcohol 95%: glycerol: water in the
ratio 7:2:1 exhibited preferred spray patterns with high and good
dispersibility of the GKB F3. The optimized formulae were selected
based on the transparency of the solution, dehydration rate, spray
display and thickness of the film formed. Formulation F1 was a simple
drug solution in solvent system and showed high clarity as it has a
high concentration of ethyl alcohol but the film was thin and was not
stable. The films formed by F3 were transparent and cohesive. The

organic solvents in the formulations vaporized rapidly leaving behind
a thin film that adhered to the skin for periods up to 4 h. Comparing
the physicochemical characteristics of the films, spray patterns and
drug content, formulations F1, F2 and F3. F3 were found to be better
as compared to other formulations. The detailed results of qualitative
and quantitative tests for reference formulation and the optimized
formulations (F2 and F3) are summarized.

Size, zeta potential and PDI are factors that designate the stability of
the obtained nanoparticles [25-28]. The surface charge plays an essential
role in the stability of the obtained nanoparticles and the degree of
zeta potential is indicative of the colloidal stability of the system [29].
The results showed a satisfactory small and uniform particle size. The
formulated nanoparticles were of a uniform Z average diameter and
nano-size range, Figure 1. DLS recorded only one peak with intensity
of 100%. PDI (heterogeneity index or simply dispersity (D)) indicates
the stability of the product since it denotes the particles distribution in
colloidal solution. Smaller PDI suggest the homogeneity of the particle
size in suspension, ideally the value of PDI should be < 0.70 because
they indicated a particle size distribution falls within a narrow range of
sizes [27,30-33]. In the present study all PDI were of acceptable range as
recorded by DLS for all GKB spray, indicating the homogeneity of the
particle size in the obtained suspension as showed in Figure 1.

The zeta potential zeta potential of all particle types was positive,
Figure 2. GKB had a highly positively zeta potential, indicating that
GKB was coated with repulsive force enough to be stable. DLS recorded
also high-count rate (185 kpcs) indicates that the concentration of
nanoparticles was high enough for measurements.

The spray display was found to be affected by the size and shape of
actuator orifice as well as by the capacity of pump. Formula F3 showed
good spray displays in terms of uniform and spherical messes due to the
supple and cohesive film of the glycerol used.

F3 showed pH in the range of 6.0-6.5 which mimicking the skin pH.
The 100 pl pumps delivered average weight of 70 + 5.0 mg per actuation

Formulation Flux (mg/cm?.h) ‘Q,, (mglcm?)
F1 0.0177 0.4374
F2 0.0206 0.4663
F3 0.0269 0.5678

"Amount of drug released per unit surface area after 24 h. Formulations F1 and F3 showed zero order kinetic model while formulation F2 showed root time kinetics
with R? value of 0.9608. [Formulations F2 and F3 (containing film formers and penetration enhancers) showed more flux and Q,, value for the drug as compared to

Formulation F1].

Table 2: Permeation parameters of ginko biloba across rabbit abdominal skin.

Size Distribution by Intensity

30T

201
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100 1000 10000

Size (d.nm)

Figure 1: Size distribution of ginko biloba solution for formula F3 as determined by zetasizer nano.
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(n=5). There was no statistically significant variation in the amount
emitted per actuation indicating the effectiveness of the pump system
in delivering reproducible amounts of the formulation per actuation
(Table 1). Formulations F1, F2 and F3 showed average drug contents per
spray of 100 to 104%. This test indicates the amount of the therapeutically
active ingredient delivered per metered spray from the metered dose
containers. Formulation F3 was found to show better uniformity in
terms of content per spray. We inferred that the formulation F3 had
more uniformity of the dosage of the active ingredient delivered
through the metered pump compared to formulations F1 and F2.

Ex vivo skin permeation

Permeation properties of the GKB were illustrated initially by
conducting diffusion studies on the simple organic drug solution (F3).
The diffusion studies from the optimized formulations F1, F2 and F3
were carried out over a period of 24 h. Rabbit abdominal skin was used
as animal model skin, because of its similarity with human skin ex vivo.
As illustrated in Figure 3, a linear correlation was achieved between
Q (the amount cumulative of penetrated GKB across the unit surface
area of the skin) and time up to 24 h. The formulation F3 exhibited
significantly higher penetration (P < 0.05) of GKB as compared to
formulation F1 and F2. The reason for this higher permeation is due to

the presence of high concentration of glycerol. Formula F3 contained
glycerol with high concentration as the permeation enhancers
leading to more permeation of drug into the skin. The same results
were confirmed the penetration enhancer of glycerol were presented
previously [20,34,35].

Statistical analysis

The results illustrated in Table 2 confirmed the release kinetics fits
the zero order kinetic models for all formulations. Analysis of variance
showed that these correlations are statistically significant (P < 0.05).
Formula F3 holding higher concentration of glycerol as penetration
enhancer showed more flux and Q,, value for the drug as compared to
the other formulations F1 and F2.

Stability studies

Stability studies showed the formulations to be stable in terms of
physicochemical parameters, drug content and drug release, under all
the storage conditions for F 3 as selected to be the best formulation as
shown in Table 3.

Skin irritation studies

No erythema or edemas were observed in the primary skin

Zeta Potential Distribution
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Figure 2: Zeta potential measured using zetasizer nano for formula F1.
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Figure 3: Percentage permeation of ginkgo biloba from spray solution across skin rabbit.
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Stability temperature at 37 £ 2° for F1

Parameters evaluated

Appearance Clear
pH (+SD) 6.2+0.05
Spray pattern Uniform
Percent drug remaining (+SD) 100.07 £ 0.45

Freshly prepared

After 1 month After 3 months

Clear Clear
6.4+ 0.01 6.5+ 0.02
Uniform Uniform
99.75 + 1.31 99.52 +1.07

Table 3: Stability studies data of the optimized ginko biloba spray formulations at different temperature conditions, after three months (n=3).

Microorganisms Treatments
Fluconazole GKB

Bacillus subtilis 16.0+0.8 13.9+0.3
Escherichia coli 206+14 184105
Candida albicans 19.5+£1.0 13.3+£1.3
Candida glabrata 254 +17 16.6 £ 0.3
Epidermophyton floccosum 14.1+1.6 102+1.2
Trichophyton rubrum 209+27 121+1.6
Trichophyton verrucosum 21314 16.0+£0.4

Table 4: Antibacterial and antifungal activity of ginko biloba using the well diffusion
method (Inhibition zone in mm).

irritation studies of the optimized formulations on the rabbits. It found
to be safe and non-irritant for transdermal application. The formulation
developed was more efficient for a period of 24 h after application.
However results need to be confirmed by pharmacokinetic studies.

Antifungal activities

This study proved the local activity of GKB as antifungal drugs.
Vertical distribution of microfungi on decomposing GKB powder is
shown in Table 4, in which the calculated occurrence frequencies are
also indicated. Seven species of microfungi were recorded from powder
extract of GKB. As listed previously, antifungal activities have been
recorded for GKB as compared with fluconazole itself as reference
antifungal. All the recorded results suggested the antifungal activity of
GKB even fluconazole is better.

Conclusions

The evidence suggests that GKB is more effective as local antifungal
action in comparing to fluconazole. GKB was successfully formulated
as solution for spray pattern which can be used in the future trials
as topical formulae on numbers of participants. From the results
obtained in the present work, it can be concluded that GKB can be an
innovative and promising approach for the transdermal administration
of GKB. The diffusion studies indicated that the permeation of GKB
formulations through the skin was much higher as compared to the
diffusion of simple organic solution of the drug.
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