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Background: Ginkgo biloba is therapeutically important fossil species with extended benefits against CNS
disorders as; it contains various potential constituents which are known for their specific actions. In spite of this
fact its medicinal usage are limited due to the limited absorption, rapid elimination, vigorous biotransformation
and low bioavailability of its therapeutic components. Objective: The present study is an attempt to develop a
microemulsion system of standardized extract of Ginkgo biloba (EGB761) for intranasal application. Material
and methods: It is developed by water titration method using Isopropyl Myristate (oil), Tween 80 (surfactant)
and Ethanol (co surfactant). Results: EGB761 loaded microemulsions were developed and characterized. The
optimized formulation showed particle size of 259.8 + 6.3 nm, PDI score of 0.186 + 0.092 and zeta potential as -
9.87 £ 2.23 mv. Also, TEM images showed size range from 84 - 260 nm with smooth and spherical
morphology. In vitro phyto-constituents release through isolated nasal mucosa showed release pattern of zero
order kinetics with sustained release (up to 16 hours). Moreover, cytotoxicity evaluation (RPMI2650 cell lines)
didn’t show cytotoxicity for both GBME (99.3 % + 2.28 % and 98.17 % + 1.86%) and plain EGB761 extract
(95.3 % + 2.1 and 91.7 % + 1.07) with different time periods (3 and 12 hours). Conclusion: Therefore, it has
been concluded from the results that, EGB761 based microemulsion (GBME) is developed with particle size
range between 84 — 260 nm, having zero order release kinetics. GBME is found to be safe on RPMI12650 cell
line and can be further, investigated in in vivo system.

INTRODUCTION

Neurodegenerative disorders (NDD) contribute to
around 6.3% of the global burden of diseases which tends to
increase in the coming years due to changing lifestyle and
enhanced life expectancy (Murray, 1994 and 1996).

The global economic impact of such disorders alone
was more than $600 billion in 2010. Therefore, significant
research efforts have been directed towards discovering and
developing new, improved and cost effective therapies for central
nervous system (CNS) disorders (Pankevich, 2014). Despite

these efforts, there exist limited efficient treatments for
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neurodegenerative disorders as, one of the biggest barrier for the
success of the old as well as new CNS drugs is their inability to
profusely cross the blood-brain barrier (BBB) (Nieoullon, 2011).
To overcome these limitations, targeted drug delivery vehicles for
CNS therapeutics are being extensively explored.

In Alzheimer’s disease (AD) there is a phenomenal
aggregation of f-amyloid, tau proteins and other markers of
neuronal degeneration in the brain and cerebrospinal fluid, which
finally leads to the progression of the dementing process, making it
more complex and multifactorial kind of neurodegenerative
disease (Ballard et al., 2011). There is no absolute cure for AD and
the commercially available FDA approved drugs are mostly
cholinesterase inhibitors with uncertain side effects on individuals
(Birks, 2006 and McGleenon et al., 1999).
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Several new treatment strategies which are based on
medicinal plants have been the subject of current focus due to their
less or no side-effects (Rao, 2012). Ginkgo biloba (Family:
Ginkgoacea) is one such therapeutically important plant which is
well documented for its effects on improvement of memory,
increased blood circulation, inhibitor of platelet-activating factor
and also as a neuroprotective agent (DeFeudis and Drieu, 2000).
Standardized extract of Ginkgo biloba leaves (EGB761) contains
24% flavonoid glycosides (like - Quercetin, Kaempferol and
Isorhamnetine), 6% terpenoids (ginkgolides A, B, C, J - 3.1% and
bilobalide - 2.9%), and 5-10% organic acids. The flavonoid
constituents of this plant (Quercetin, Kaempferol and
Isorhamnetine) are especially considered to be the most
pharmacological active components responsible for treating
various CNS disorders (Chun et al., 2010) but these components
either get methylated or degraded very easily in gut or liver
(Thilakarathna, 2013) if, taken by conventional oral route.
Presently, Ginkgo is sold as an oral medicinal supplement around
the world, majorly in United States and European countries for the
aforesaid uses. It is one of the topmost selling herbal products in
United States since, 1998 (Bent, 2008). Its daily recommended
oral dose as per the WHO monograph (1999) and European
scientific cooperative on phytotherapy (ESCOP, 2003) is 120 -240
mg/day. Ginkgo leaf extract have been seen as a potential
phytotherapeutic agent in treatment of AD (Oken, 1998). It is
reported for its potential anti-oxidant effects and anti-PAF activity
also, which inhibits B-amyloid aggregation in the cerebral cortex,
reducing Alzheimer’s advancement advancement (Wei et al.,
2000). Moreover, the flavonoids (Quercetin and Kaempferol)
present in this plant extract, are known to prevent and reduce cell
membrane lipid peroxidation, decrease oxidative damage to
erythrocytes and protect neurons and retinal tissue from ischemic
conditions which in sense might prevent tissue degeneration
causing Alzheimer’s (Morales, 2014). Medicinal usage of Ginkgo
biloba (GB) is limited majorly, due to its low bioavailability (Chan
et al., 2007), early degradation, minimal absorption, vigorous
biotransformation and rapid elimination (Moreau, 1986; Chen,
2007). Many studies on Gingko leaves extract (GLE) have
reported the bioavailability and pharmacokinetic data for plant
metabolites of EGB761 showing the metabolites (flavonol
glycosides and aglycones) undergo extensive metabolization and
degradation (Pietta, 1997; Xie, 2008; Woelkart, 2010). Similarly,
brain distribution of some important component of EGB761 like
Isorhamnetin and Kaempferol shows that their concentration
reaches as low as 161 ng/g and 291ng/g of protein, respectively
whereas, for Quercetin it is almost negligible through oral route
(Rangel, 2010). Also, when detection of terpene lactones (another
important phytochemical of GLE) in both rats and human
volunteers was done after oral and intravenous application of
EGB761, it was revealed that only traces of GKA (Ginkgolide A),
GKB (Ginkgolide B) and BLB (Bilobalide) were present in brain
(Biber, 2003). Therefore, all these findings suggest on improving
the formulation for more bioavailability, stability and efficiency of
the active ingredients. One of the finest approaches which is being

actively used, to face these challenges is, nanosized therapeutic
compound delivery through intranasal drug delivery (Privalova,
Gulyaeva and Bukreeva, 2012). Approaches used for nano-drug
delivery are driven by the need to effectively target drugs to the
site of disease, to increase patient acceptability and to reduce
healthcare costs. This also provides new classes of those
pharmaceuticals who cannot be effectively delivered by
conventional means. Some of these novel drug delivery
approaches includes: lipophilic analogs, prodrug concept,
liposomes, polymeric nanoparticles and dendrimers etc. But, these
different approaches also have some limitations like - lipophilic
analogs and prodrug molecules show low selectivity of drug
molecules, change in original tissue distribution of the drug and
change efficacy and toxicity levels of used drug (Peters, 2011).
Similarly, liposomal formulations need certain surface
modifications to enhance their plasma concentration time (Liu,
2014) Although, nanoparticles can effectively permeate through
BBB but, their drug transport efficiency to CNS is not enough to
give its therapeutic effects, hence functionalization, surface
modification along with conjugation is required (Sperling, 2010).
Dendrimers based drug delivery systems elicit variation in release
kinetic mechanism as, they unload their encapsulated drugs ahead
of time to their targets (Wolinsky, 2008). In comparison to the
above said problems associated with the new drug dosage forms
and novel routes of drug administration, there is a wide acceptance
of nano sized drug carrier systems in compliance with
microemulsion systems for intranasal application as; there are no
reported side effects or any other limitation (Mahajan, 2013) for
those. The present study focuses on preparation of microemulsion
system for standard extract of Ginkgo biloba (EGB761) for
intranasal application. In microemulsion based formulations, the
presence of surfactants and co surfactants (act as a permeation
enhancers), effectively raises the membrane permeability of test
compounds and hence, increase higher penetration to the deeper
layer of cortical area (Sahoo, 2007). Moreover, its enhanced
spreading effect due to low surface tension and prolonged drug
release are other important factors that make it an ideal drug
carrier system for intranasal administration (Vandamme, 2002;
Lawrence, 2000).

MATERIALS

The standardized extract of Ginkgo biloba (EGB761)
was obtained from the Ranbaxy Research Laboratory, India.
RPMI2650 cell lines were procured from National Centre for Cell
Science (NCCS), Pune India; DMEM (Dubelco’s Modified Eagle
Medium), FBS (Fetal Bovine Serum) and IPM (Isopropyl
myristate) were obtained from High Media laboratories, Mumbai,
Dialysis membrane (D9777), Tween-80 and Tween-20 and Clove
Oil were purchased from Sigma Aldrich, US. Whereas, surfactants
like, Plurol Oleique, Labrasol and Labrafac were the gift samples
from Gattefosse, France. All other chemicals used were of
analytical grades.
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METHODS

Development of microemulsion
Selection and Solubility Studies of excipients

The solubility of the extract in various oils (Clove,
Isopropyl Myristate (IPM), Coconut, Sunflower and Soya bean
oil), surfactants (Labrasol, Tween80, Tween 20, Plurol Oleique
and Labrafac), and co surfactants (Ethanol, Acetic Acid and
Methanol) was determined by dissolving an excess amount of
extract (200mg) in 5ml of each of the selected oils, surfactants,
and co surfactants, separately in test tubes and vortexing them for
15min.The test tubes were then kept at room temperature on a
shaker for 72 hours to attain equilibrium. The equilibrated samples
were removed from the shaker and centrifuged at 2800Xg for
15min. (Mandal, 2011) and analyzed by colorimetric methods for
flavonoid and phenolic estimation as described later. The
excipients with highest drug solubility were chosen.

Phenolic estimation

The total phenolic content of the extract was determined
by the spectrophotometric method (Blainski, Lopes, de Mello,
2013). The standard for the experiment was prepared using Gallic
acid (10mg/ml in methanol). 100ul of the extract sample or
standard was mixed with 0.5ml of 0.2 N of Folin- Ciocalteu agent
followed by 4ml of 7.5% of Na,CO;. The phenolic components in
the sample were oxidized by the reagent at an alkaline pH,
resulting in a blue-colored molybdenum-tungsten complex. The
mixture was then incubated for 10min. at room temperature and
for 1min at 6 5°C. The absorbance was taken at 765nm.

Flavonoid estimation

The total Flavonoid content of Ginkgo biloba (EGB761)
extract was estimated by the Aluminium Chloride (AICIs)
colorimetric method (Quettier et al., 2000; Patel et al., 2011,
Stankovic et al., 2011). The concentrates (0.5ml) of Ginkgo biloba
extract (100 - 1000pg/ml) were blended with 0.1ml of 5% NaNO,
and incubated for 5min. at 25 °C, this was further mixed with 0.1
ml of 10 % ethanolic solution of Aluminium Chloride (AICI;) and
incubated for another 5min. Absorbance was taken at 510nm. The
standard graph was prepared using Gallic acid (100 — 1000 pg/mi
in methanol).

Phase studies

On the basis of solubility studies; IPM was selected as an
oil phase, Tween 80 and Ethanol as surfactant and as co-surfactant,
respectively. Distilled water was used as an aqueous phase.
Thereafter, the existence zones of microemulsion were determined
by constructing Pseudo Ternary Phase Diagrams (XLSTAT-Pro)
using water titration method (Zhang and Kohn, 2011)where
surfactant and co surfactant (Sni) were taken in different ratios
(1:0, 1:1, 1:2, 1:3, 1:4, 1:5 and 1:6 ) along with sixteen different
combinations of oil and S (1:9, 1:8, 1.7, 1.6, 1.5 1:4, 1:3.5, 1:3,
3.7, 1:2, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1) (Syed, Peh, 2014 and
Shafig, Shakeel 2008), after this, the physical state of

microemulsion was marked on a pseudo ternary phase diagrams
with one axis representing the aqueous phase, second representing
oil, and the third representing a mixture of surfactant and co
surfactant at fixed Sy, ratio.

Thermodynamic stability studies

Prepared microemulsion formulations of Ginkgo biloba
extract (EGB761) were tested for physical stability by subjecting
them to heating and cooling cycle. The microemulsions were
incubated at 4°C for 3days followed by 45°C again for 3days (6
times). Thereafter the microemulsions were centrifuged at 2800Xg
for 30min. Those formulations that were found to be stable were
further subjected to freeze-thaw cycles as well. The
microemulsions were incubated at -20 °C for 3days followed by
25°C for another 3days (6 times). After that, the microemulsions
(2ml) were dispersed in the water phase (100 ml) and were
analyzed for their physical stability (Fahima et al., 2011). The
formulations which did not show any phase separations, creaming,
cracking or coalescence were taken further for the characterization
studies (Fanun, 2010).

Characterization
Measurement of Particle size, Poly dispersity index and Zeta
potential

The average Particle Size (PS), Poly Dispersity Index
(PDI) and Zeta potential (ZP) of the optimized microemulsion
droplets were determined by Photon Correlation Spectroscopy
(1000 HS, Malvern Instrument, UK) at 633nm which is based on
the principle of dynamic light scattering, which was monitored at
90° angle (25°C). The optimized microemulsion samples were
diluted (1:50 with mili Q water), and then loaded for droplet size
and Zeta potential analysis (Wang et al., 2011).

Statistical Analysis for optimization of microemulsion

Correlation analysis is used to study the correlation
between Particle Size (PS), Oil (O), Surfactant (S) and Water (W);
and Poly Dispersity Index (PDI), O, S and W. To establish the
relationships between PS and O, S, W; along with PDI and O, S,
W, regression analysis is done. The data are statistically tested at
1% level of significance by one way analysis of variance
(ANOVA) (Juskait et al., 2015).

Transmission Electron Microscopy (TEM)

The size and morphology of the samples were further
confirmed by Transmission Electron Microscopy (Morgagni 268D
Transmission Electron Microscope). Combination of different
magnification and diffraction modes were explored to mark the
form and size of microemulsion droplets. The sample was
prepared by diluting the optimized microemulsions (1: 100 with
mili Q water) and placing it in the centre of carbon-coated copper
grid with 2% phosphotungstic acid; the dried coated grid was
taken on a slide and covered with a cover slip. The slide was
observed under the electron microscope (Monteagudo, 2012).



Singh et al. / Journal of Applied Pharmaceutical Science 7 (01); 2017: 024-034 027

Measurement of Rheological parameters (Viscosity,
Conductivity, pH and Density)

Viscosity of the optimized microemulsion was measured
with a Brookfield rotational viscometer (LVDV, Brookfield Inc.,
USA) (30 °C) at 5 rpm. Similarly, Conductivity was determined
with conductometer (CM 180, Elico, India) at constant frequency
of 1 Hz. The pH was measured by using a calibrated digital pH
meter (Mettler Toledo MP 220, Greifensee, Switzerland) in
triplicates at room temperature. Whereas, the density of the
formulated microemulsion was measured using specific gravity
bottle (Khalil, 2012).

Fourier Transform Infra Red (FT - IR) Analysis

FTIR analysis for the optimized microemulsion without
extract (EGB761), with extract and Gingko biloba standard extract
(EGB761) was done using IR-810, JASCO, Tokyo (MacDonald et
al., 1986) at SAIF (Sophisticated analytical instrumentation
facility), Punjab University. The samples were prepared by
potassium bromide disc method and were scanned from 400-4000
m/sec (Deepak and VedhaHari, 2013).

In vitro drug diffusion studies using nasal mucosa

In vitro permeation of optimized Gingko biloba
(EGB761) extract microemulsion was carried out on fresh nasal
mucosa of sheep which was carefully removed from the nasal
cavity of the same, obtained from the local slaughter house and
stored in nasal simulated fluid (pH — 6.8) (Schmidt et al., 1998).
This membrane was mounted between Franz diffusion cell
compartments, held together with a clamp.

The receptor compartment was filled with 10 ml nasal
simulated fluid (pH 6.8) (Wadell et al., 2003) and the temperature
was maintained at 37 °C. 2 ml of formulated microemulsion or
pure extract (aqueous solution, 20 mg/ml) was placed in donor
chamber one by one and samples (1 ml) were withdrawn from the
receptor compartment, replacing with equal volume of nasal
simulated fluid after each sampling at predetermined time points
(0-8 hrs, at 30 minutes time intervals).

The samples withdrawn were used for LC-MS estimation
analysis to determine the amount of extract permeated through
membrane at different time points.

Release kinetics: LC-MS method

LC-MS method was opted to measure the level of
majorly active phytoconstituents (Quercetin, Kaempferol and
Isorhamnetine) of the extract in diffusion cell experiments. The
system (ALS 1290 series; USA) consist of binary pump, vacuum
degasser and auto-sampler system connected electro spray
ionization (ESI) source). Samples obtained from Franz diffusion
cell were injected, using acetonitrile and 0.1% formic acid in water
(50:50, v/v) pumped at a constant flow of 0.3 ml/min (Duan et al.,
2011; He et al., 2013). The standard graphs for the pure
components  (Quercetin, Kaempferol and Isorhamnetine)
were made within the range of 2.5 — 15mg/ml for each component.

Statistical Methods

All the data is expressed as mean + standard error and
tested using one way ANOVA. The values were considered
significant at p values < 0.01.

Further, to analyze the order of release kinetics, F
statistics was used with elution profile (LC-MS estimation) of the
marker compounds present in the extract and microemulsions were
plotted. To study the significance of differences in the
concentrations of the three extract compounds (Quercetin,
Kaempferol and Isorhamnetine) one way ANOVA (Analysis of
Variance) is applied at 1% level of significance.

In vitro cytotoxicity studies: MTT assay with nasal epithelial
(RPM12650) cell line

The cytotoxicity of Gingko biloba (EGB761) extract
microemulsion was tested on the human nasal septum cell line
(RPMI2650) (Moorhead, 1965) using MTT assay (Nag et al.,
2015). The said cell line was maintained in DMEM (Dulbecco’s
Modified Eagle's medium) media (10 % FBS), in standard
conditions. The cells were trypsinised and seeded at the
concentration of 5.0 x 10° cells/ml in triplicates. The cells were
incubated at 5% CO, and 37 °C overnight to allow the cells to
adhere. Thereafter, the cells were treated with different
concentrations (10 — 100 pg/ml) of standard extract of Gingko
biloba (EGB761) and its microemulsion (GBME) separately, for 3
and 24 hours. Subsequent to the incubation, 20 pl of MTT solution
(5mg/ml) were added to the respective wells and incubated again
for 4 hours. Formazan crystals formed during this period were
dissolved in 200 pl of DMSO and the optical density was
determined at 570 nm (Loosdrecht et al., 1994).

RESULT AND DISCUSSION

Selection of excipients

The excipients were selected keeping in mind the
pharmaceutically accepted GRAS (generally regarded as safe)
limits and non irritating nature of the substances (to nasal mucosa).
Selection of surfactant and co surfactant was done on the basis of
hydrophile-lipophile balance (HLB) value which should be
between 8 — 18 in case of o/w microemulsions (Davies and Rideal,
1968) moreover non-ionic surfactants were preferred over ionic
ones as they are less toxic (Sahoo et al., 2014) and Co surfactants
are added as they decrease the bending stress of interface leading
to the formation of more flexible interfacial film over a wide range
of composition. The required hydrophilic-lipophilic balance value
to form the o/w microemulsion should be greater than 10 (Patel et
al., 2013). Therefore, the right blend of low and high hydrophilic-
lipophilic balance surfactants leads to the formation of a stable
microemulsion formulation.

Phenols and Flavonoid content found to be in extract was
67.41 £ 0.23 mg/ml and 46.13 = 1.28 mg/ml, respectively and
Table 1 shows the results of solubility of extracts in terms of
Flavonoid and Phenol content in various excipients. On the basis
of these results, Isopropyl Mystriate (IPM), Tween 80 (HLB value
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is 15) and Ethanol (HLB value is 4.2) were selected for oil,
surfactant and co surfactant phase, respectively. Here distilled
water was used as an aqueous phase.

Table 1: Solubility analysis of various oils, surfactant and co surfactant with
Gingko biloba (EGB761) extract.
Solubility (mg/ml) of

Excipients Solubility (mg/ml) of

Phenols Flavonoids
Oils
Isopropyl Myristate 70.12 £ 2.09 41.34+1.70
Capryol 90 47.1+£0.03 35.76 £ 1.62
Olive ail 59.63 +0.05 37.13+2.96
Castor oil 63.87 £1.48 25.33+0.85
Linseed oil 35.62 +0.07 1472 +1.1
Surfactants
Tween-80 62.02+15 36.4+0.8
Tween 20 48.5+1.09 20.27 +0.27
Cremophor RH40 3392+22 13.92+1.2
Transcutol P 26.2+1.64 18.6 +1.03
Plurol oleique 15.39+0.12 23.92+0.85
Co - Surfactant
Ethanol 65.34 £ 3.87 442 £2.62
Propranolol 12.8 +1.56 32627

Phase studies

The pseudo ternary phase diagram plotted shows the
relationship between the phase behaviour of a mixture and its
composition and was constructed to reveal the existence range of
microemulsion. Pseudo ternary Phase Diagrams (Fig.l (a) and
Fig.1 (b)) were constructed, separately for each S, ratio (1:0 and
1:1) for getting o/w microemulsion regions.

smix

Fig. 1(a): Pseudoternary phase diagram indicating o/w microemulsion using
isopropyl myristate (Oil), tween 80 (Surfactant) and ethanol (Co surfactant)
with Spixratio of 1:0.
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Fig. 1(b): Pseudoternary phase diagram indicating o/w microemulsion using
isopropyl myristate (Oil), tween 80 (Surfactant) and ethanol (Co surfactant)
with Spixratio of 1:1.

As, the ratio of surfactant was increased, the isotropic
region showed a shift towards S, The ternary phase study
revealed that on increasing the S, ratio from 1.0 to 1:1,
microemulsion region decreases towards oil axis and the increase
in Spix content may dispense a suitable option to the flavonoid
(Quercetin, Kaempferol, Isorhamnetine) and phenolic content of
the extract to solubilize more to the surfactant (Tween 80) and co
surfactant (Ethanol). From the earlier reported studies also, it was
observed that the solubility and bioaccessibility of Quercetin have
significantly increased in Tween 80 (Sahoo et al., 2011; Pool et
al., 2013) whereas, Kaempferol and Isorhamnetine have been
reported to be more soluble in ethanol (Kumar and Pandey, 2013).
Moreover, the micelle formation in microemulsion also, increases
their stability for longer duration (Lof, 2011). The area of
solubilization in the phase diagrams indicates the clear and
homogenous solutions.

Characterization of microemulsions
Particle size (PS), polydispersity index (PDI) and Zeta potential
(ZP)

After testing the thermodynamic stability among all the
emulsions developed, three formulations (IT - A to IT - C) were
listed and found to be from 221 to 259 nm range (Table 2), using
zeta particle size analyzer indicating droplets size from nano to
micro range. On the basis of polydispersity index IT - A was
selected with an average particle size of 259.8 nm and PDI of
0.186 (Table 2 and Figure 2 (a).

Table 2: Summarization of ratio and content of excipients, Particle size and Polydispersity Index of the optimized microemulsions.

S. No Ratio  Smix Ratio  Oil: Code Oil Smix (%0) Water (%) Particle Size Poly
Six (%) (d.nm) dispersity Index (PDI)

1 IT-A 6.45 58.06 35.48 259.8 0.186

2 1:01 1:09 IT-B 6.06 54.55 39.39 250.4 0.436

3 IT-C 5.56 50 44.44 221 0.605
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Fig. 2 (a): Particle size analysis of the optimized microemulsions (IT - A).
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Fig. 2 (b): Zeta Potential of the optimized microemulsions (IT - A).

The Polydispersity Index shows the width of particle size
distribution, indicating nature of dispersion, which ranges between
0 to 1. PDI Values < 0.5 are considered as highest quality of
dispersion and show narrow size distribution (Atkins, 2010). The
available experimental data with the same combination of
excipients showed comparatively lower size range as, in case of
Acyclovir microemulsion systems where, size range is 40.2 + 2.3
nm (Dedakia and Majumdar, 2012) and in case of Diclofenac
microemulsion was between 5-7 nm (Kamal et al., 2007).
Whereas, in the present study it reflects comparatively bigger
spherical size (221 to 259 nm) which can be due to the fact that
Gingko biloba (EGB761) extract is a complex mixture and not a
pure compound. The optimized Gingko biloba (EGB761) extract
microemulsion (IT-A) has a PDI value of 0.186, suggesting a
homogenous distribution of microemulsions.

Zeta potential of the formulation reflects its polarity and
electric potential constituted by availability of charge (positive or
negative) on the surface of particle (Clogston and Patri, 2011). The
zeta potential of optimized formulation (IT - A) was recorded as
(-) 9.87 mV (Figure 2 (b)) indicating the fact that non ionic
surfactants (Tween 80) decrease the zeta potential charges on the
surface of micelles formed (Sis and Birinci, 2012) and hence, leads
to the prevalence of repulsive forces thereby, avoiding flocculation

and aggregation of the formulated micelles present in a continuous
phase.

Transmission Electron Microscopy (TEM)

TEM has been used by various scientists to analyze and
validate the particle size and morphology (Patel et al., 2013).
Figure 3 represents the TEM micrographs of the particles of
optimized formulation (IT — A).

Fig. 3: TEM image of the optimized drug loaded microemulsion at 10,000x
(scale bar showing 200 nm).

The particles observed were finely distribute and in
spherical nanometric size range (84 nm to 260 nm). Hence, the
globule sizes of GBME from TEM images are in conformity with
particle size analysis (259.8nm) performed earlier with zeta
particle size analyzer.

Measurement of Rheological parameters (Viscosity,
Conductivity, pH and Density)

Molecular volume and effective carbon number of oil are
important factors that determine the viscosities of microemulsions.
In the present study, IPM is selected for oil phase, which has a
saturated long chain with 14 effective carbon numbers, making it
more flowable (Paul and Moulik, 2000). Also, presence of tween
80 which is a denser surfactant (300 cP) alone could have affected
the viscosity. In the present study tween 80 is used in combination
with ethanol as Co surfactant, as alcohols are believed to join the
interface of the micelle, by placing itself among surfactant heads.
This increases the dielectric constant and the degree of ionization
(Prieto and Calvo, 2013). Moreover, its presence also leads to the
distortion of water structure by improving the lipophilic nature of
tween, allowing it to be more available for interphase. So, the
viscosity of the microemulsion (IT - A) formulation was measured
as, 38 £ 1.01 cP which is desired to be in the range of 30 - 45 cP in
case of o/w microemulsions (Sarkhejiya, 2013).

The specific conductivity of microemulsion was found to
be 22 mS/m which is of the same order of aqueous conductivity.
Since external phase is aqueous with pH 6.7, it is suitable for
intranasal application in the nasal cavity (pH 6.4 - 6.8)
(Washington et al., 2000) (Table 3).
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Fig. 4: FT-IR analysis of the plain Gingko biloba extract (EGB761), optimized extract loaded microemulsion (GBME) and microemulsion without extract.

Table3: Summarization of rheological parameters of the optimized
microemulsions.

S.No Parameters Result
1 Viscosity 38 +cP
2 Conductivity 22 £ mS/m
3 pH 6.7 £0.01
4 Density 1.16+ g/mL
FT-IR Analysis

In order to investigate the potential interaction, if any,
among various ingredients of the microemulsion, FTIR
spectroscopy was performed for EGB761 extract powder,
optimized microemulsion concentration without extract and,
optimized microemulsion with extract (GBME). A small amount
of the samples were directly scanned for absorbance over a range
from 4,000 to 400 wave numbers (cm-1) (Heneczkowski, 2001
and HaiyanXie et al., 2014). The significant peaks of flavone
group (1028 - 1649 cm-1) were observed in scan of the extract
(Figure 4) which, were shifted in the scan of GBME and, the scan
of GBME was also in accordance to the one of microemulsion
without extract. Therefore, it can be concluded from the
observations that the characteristics peaks of GBME almost
followed the same path as that of EGB761, reflecting no
interaction between the components of the extract and the
ingredients of microemulsion.

Permeability release kinetics

The three active constituents (Quercetin, Kaempferol and
Isorhamnetine) of EGB761 were estimated in the samples obtained
from receptor compartment of the Franz diffusion cell, after every
30 min (from 0 to 16 hrs) and were estimated by LC MS method
(Figure 5). The values obtained were plotted.
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Fig. 5: Release pattern of three active constituents (Isorhamnetine, Quercetin,
and Kaempferol) of EGB761 through nasal mucosa.

The release patterns of all the three active compounds
(Quercetin, Kaempferol and Isorhamnetine) in standardized extract
of Ginkgo biloba (EGB761) were showing close to zero order
kinetics up to 10 hours after which there was a drop in release.

The values obtained for the three active compounds
(Quercetin, Kaempferol and Isorhamnetine) for GBME were also
plotted and analyzed for the release pattern of various order, using
F Statistics (Figure 6-8). It was found that the equations derived
for GBME were of zero order kinetics for all the three
components. Further, the release behaviour was showing a
sustained release pattern up to 16 hrs, in comparison to plain
extract. Table 1 summarizes the determination coefficients (R?), F-
values and p-values for the models of all the three compounds. It
can be noticed that R? values for all the three drugs are very high
(>0.90) and the respective p-values for all the three compounds are
significant (at p <0.01). This indicates that the calculated zero-
order models fit the release kinetics of all the three compounds
(Isorhamnetine, Quercetin, and Kaempferol) (Dash et al., 2010)
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Fig. 6: In vitro compound release pattern analysis of Isorhamnetine from
GBME.
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Fig. 8: In vitro compound release pattern analysis of Kaempferol from GBME.

Isorhamnetine Quercetin Kaempferol
R’ 0.947071 0.984688 0.979987
F 572.582 2057.899 1566.993
p value 5.45E-22 1.29E-30 9.35E-29

The general equation for the zero-order kinetic model is
given by equation (1).
Q= Qo + Kyt (D
Where Q, is the amount of drug released in time t and Q,
is the initial amount of drug. The linear equations (2) — (4)

describe the release kinetics of all the three above mentioned
compounds, where Q1 (t), Q2 (t) and Q3 (t) represent the
estimated amount of concentration in time t for Isorhamnetine,
Quercetin, and Kaempferol, respectively (Ramteke et al., 2014).

Q1 (t) = -41972.75 + 33851.79t ... (2)

Q2 (t) =-111489.90 + 69443.82t ... (3)

Q3 (t) = -116561.60 + 49928.85t ... (4)
The numerical results for cumulative amount of compound release,
obtained through zero-order kinetic models, using equations (1) —
(4) are compared with the experimental results, are illustrated in
figures 6 -8

In vitro cytotoxicity studies: RPMI 2650 cell lines

To evaluate and compare the cytotoxicity caused by
GBME in comparison to plane EGB761, MTT assay was
performed at different concentrations (10 — 100 pg/ml) of extract,
on RPMI 2650 cell line (nasal epithelial). It was observed that the
test concentration range (10 — 100 pg/ml) of Gingko biloba extract
(EGB761) microemulsion was not significantly toxic (cell viability
99.3 % + 4.28 % and 98.67 % +* 5.86 %, respectively) after 3 hours
and 12 hours of exposure.
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Fig. 9: Cytotoxcity analysis of the optimized extract microemulsion, with and
without extract, after 3 hours of treatment. Abbreviations: ME without ext. =
Microemulsions without EGB761 extract, GBME = Microemulsions of
standard extract of Ginkgo biloba EGB761.
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Fig. 10: Cytotoxicity analysis of the optimized extract, microemulsion with and
without extract, after 3 hours of treatment after 12 hours of treatment.
Abbreviations: ME without ext. = Microemulsions without EGB761 extract,
GBME = Microemulsions of standard extract of Ginkgo biloba EGB761.
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CONCLUSION

Ginkgo biloba is therapeutically important plant for CNS
disorders as; it contains various potential constituents like:
Isorhamnetine, Quercetin, and Kaempferol etc. Unfortunately, its
medicinal usages are limited due to the limited absorption, rapid
elimination, vigorous biotransformation and low bioavailability of
its therapeutic components. The present study was an attempt to
overcome the above said issues by developing a formulation in
nano range. After optimizing all the experimental conditions, the
microemulsion of the extract was prepared using Isopropyl
mystriate as oil phase, Tween80 as surfactant, ethanol as co-
surfactant and distilled water as aqueous phase. The average
particle size of the micro spheres was observed to be in nanometric
range (84 nm to 260 nm). The said microemulsion was
thermodynamically stable and exhibited approximately 56 - 77 %
of compound (Quercetin, Kaempferol and Isorhamnetine) release
with sustained pattern (up to 16 hrs) from the isolated nasal
mucosa. The release Kinetics of its active phytoconstituents was
found to be of zero order. Cytotoxicity analysis of the formulation
showed that microemulsion did not have deteriorating effect on
cell viability in the concentration range of 10 -100 pg/ml up to 12
hrs. Thus, it can be suggested from the present study that as the
developed microemulsion is showing sustains release with zero
order Kinetics and ~ 77 % release of its content, GBME could
further be developed and tested in in vivo for intranasal delivery as
an alternative delivery system for the treatment of CNS disorders.
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