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Abstract. The current study was aimed to develop an amphiphilic drug-lipid nano-
complex of rutin:egg phosphatidylcholine (EPC) to enhance its poor absorption and
bioavailability, and investigated the impact of the complex on hepatoprotective and
antioxidant activity. Rutin nano-complexes were prepared by solvent evaporation, salting
out and lyophilisation methods and compared for the complex formation. For the selected
lyophilisation method, principal solvent DMSO, co-solvent (#-butyl alcohol) and rutin:EPC
ratios (1:1, 1:2 and 1:3) were selected after optimisation. The properties of the nano-
complexes such as complexation, thermal behaviour, surface morphology, molecular
crystallinity, particle size, zeta potential, drug content, solubility, in vitro stability study,
in vitro drug release, in vitro and in vivo antioxidant study, in vivo hepatoprotective activity
and oral bioavailability/pharmacokinetic studies were investigated. Rutin nano-complexes
were developed successfully via the lyophilisation method and found to be in nanometric
range. Rutin nano-complexes significantly improved the solubility and in vitro drug release,
and kinetic studies confirmed the diffusion-controlled release of the drug from the
formulation. The nano-complex showed better antioxidant activity in vitro and exhibited
well in vitro stability in different pH media. The in vivo study showed better hepatoprotective
activity of the formulation compared to pure rutin at the same dose levels with improved oral
bioavailability. Carbon tetrachloride (CCly)-treated animals (group II) failed to restore the
normal levels of serum hepatic marker enzymes and liver antioxidant enzyme compared to
the nano-complex-treated animals. The results obtained from solubility, hepatoprotective
activity and oral bioavailability studies proved the better efficacy of the nano-complex

compared to the pure drug.
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INTRODUCTION

Herbal drugs are opening new vistas and have been
emerging as potential candidates for the treatment of various
diseases. Currently, pharmaceutical industries have been con-
centrating on the phytomedicines because these are more
affordable, closely match up with the patient’s ideology,
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concerns about adverse effects of synthetic medicines and lower
phytochemical costs. Mainly, the plant secondary metabolites
such as alkaloids, glycosides, flavonoids, terpenoids, efc. are
bioactive compounds with a variety of biological activities.
Flavonoids such as curcumin, rutin, diosmin, quercetin,
hesperetin, naringenin, mangiferin, etc. are polyphenolic com-
pounds that are ubiquitous in nature and possess strong
antioxidant activity (1). They also possess anti-inflammatory
(2), anticancer (3), hepatoprotective (4), antibacterial (5),
antifungal (6) and antiviral activities (7). However, most of the
flavonoids manifest limitation in transporting to the biological
system because of their inherent properties like poor solubility,
low permeability and diffusibility. Particle size, crystallinity and
drug derivatisation are also frailty associated with poor bio-
availability of these polyphenolic compounds. Rutin also called
as quercetin-3-O-rutinoside (Fig. 1) belongs to the flavonol
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Fig. 1. Chemical structure of rutin

glycosides class, which contains a carbohydrate group (rutinose)
which is linked O-glycosidically to one of the flavonoid
backbones (2-phenylchromen-4-one, 3-phenylchromen-4-one
or 4-phenylcoumarin) and is a polyphenolic compound with
excellent therapeutic potential and has a good safety profile.
Rutin is one of the ancient drugs that have been used mainly for
its antioxidant, anti-inflammatory, cardioprotective, capillary
protective, neuroprotective, antithrombotic, anti-ageing and
hepatic protective effects.

Despite that rutin has huge therapeutic effects, its phenolic
nature makes it polar with poor aqueous solubility and also
exhibits low solubility in most of the organic solvents. Poor
solubility of the drug affects the dissolution, absorption and
thereby bioavailability of the drug on oral administration. Poor
absorption and bioavailability of rutin is the main reason for its
reduced bioactivity. Hence, the oral dosage regimens normally
require a large rutin dose of 500 mg twice a day. These aspects
limit the widespread use of rutin by and large. There are two
main factors responsible for the poor absorption of rutin: firstly,
rutin is having multiple ring structures which is very large to be
absorbed by simple diffusion process, and secondly, rutin has
poor miscibility with lipids, which hinders it to pass across the
lipid-rich membranes of the intestinal simple columnar epithe-
lial absorptive cells called enterocytes. The effectiveness of any
herbal formulation depends upon delivering an effective level of
active compounds to the desired site. The drug-lipid nano-
complexes meet this challenge by markedly enhancing the
solubility, absorption and bioavailability of the phytomedicine
for better therapeutic activity (8-11). Drug-lipid nano-com-
plexes may be absorbed from the GIT through enterocyte-based
transport and to the systemic circulation via the intestinal
lymphatic system which has a widespread network throughout
the body. The advantage associated with lymphatic transport is
to bypass the first-pass metabolism and applicable for targeted
drug delivery (12,13). Further, as an indispensable constituent of
cell membrane, phospholipids play a key role in keeping cell
membrane fluidity, which makes it possible that the complex
crosses cell membranes without disturbing the cellular lipid
bilayers. Identically, the phospholipid complexes are liable to be
transported from a hydrophilic environment to a lipophilic
environment of the enterocyte cell membrane, then into the cell
and lastly into the systemic blood circulation (14).

In the last decade, lipids have gained much interest as
carriers for the delivery of drugs with poor water solubility
(15). Natural soybean phosphatidylcholine (SPC) and egg
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phosphatidylcholine (EPC) are considered as effective and
safe carriers for clinical applications with biodegradability,
good biocompatibility, low toxicity and effective metabolic
activity in comparison with their synthetic alternatives
(16,17). All these factors suggest that natural phospholipid-
based drug delivery systems are favourable systems to
achieve better therapeutic activity of rutin.

The main interaction between phospholipid and
phytomedicine occurs due to hydrogen bond formation
between the polar head of the EPC and the polar functional
group of phytomedicine. It is also reported that improved
physical stability of the nano-complexes is mainly due to the
formation of such hydrogen bonds. Maiti et al. developed
drug-lipid complexes of curcumin and naringenin in two
different studies and reported that nano-complexes have
improved the oral bioavailability of curcumin and naringenin
(18,19). Likewise, several scientific literatures suggested that
the drug-lipid complex improves physical stability, absorption
and bioavailability, respectively (20,21).

Therefore, the objective of the present work was to develop
rutin:egg phosphatidylcholine nano-complex, a self nano-
vesicular pre-concentrate which will convert into a liquid vesicular
form on contact with GIT aqueous media. It is anticipated that the
rutin nano-complex will gain micellar shape with better stability
of the formulation (20). The developed rutin:egg phosphatidyl-
choline nano-complex was evaluated for its formation through
numerous parameters like differential scanning calorimetry
(DSC), Fourier transform infrared spectroscopy (FTIR), proton
NMR, X-ray powder diffractometry (XRD) and other physico-
chemical parameters like particle size analysis, zeta potential,
surface morphology, drug content, in vitro stability and drug
release study. Further, the nano-complex was investigated for its
in vitro antioxidant activity, in vivo hepatoprotective activity and
oral bioavailability/pharmacokinetics.

MATERIAL AND METHODS

Materials

The EPC phospholipid ‘Lipoid® E 80 S’ was a kind gift
sample from Lipoid GmbH, Frigenstrasse 4, Ludwigshafen,
Germany. Rutin was procured from Sigma-Aldrich, Mumbai.
Dimethyl sulphoxide (DMSO), t-butyl alcohol, dioxane,
methanol and chloroform were purchased from HiMedia
Laboratory Pvt. Ltd., Mumbai, India. Acetonitrile, n-hexane,
n-octanol, orthophosphoric acid and all other chemicals/
reagents were of analytical or HPLC grade.

Animals

The adult male Wistar rats weighing 180-200 g used for
the study were obtained from Nitte University Centre for
Animal Research and Experimentation (NUCARE), ap-
proved by the Institutional Animal Ethics Committee
(TAEC) of N.G.S.M Institute of Pharmaceutical Sciences
(Approval No.: NGSMIPS/IAEC/MAY-2017/43). Experi-
ments were performed in accordance with the CPCSEA
guidelines and approved by the institutional ethics committee.
Animals were housed in groups of seven to eight in colony
cages at an ambient temperature of 20-25°C and 45-55%
relative humidity with 12 h light/dark cycles. They had free
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access to pellet chow (Rat and Mice Feed, Krishna Valley
Agrotech LLP, Sangli, India) and water ad libitum.

Preparation of Rutin Nano-complexes

As a preliminary study, three different methods of prepa-
ration of nano-complexes, namely solvent evaporation, salting
out and lyophilisation method, were compared. Nano-
complexes were prepared by taking the rutin and EPC in
1:2 M ratio. The EPC used was Lipoid® E 80 S. In the first
method, the rutin nano-complexes were prepared by solvent
evaporation technique, as described by Maiti e al. The molar
ratios of rutin (0.1% w/v) and EPC (Lipoid® E 80 S) (1:2) were
accurately weighed and refluxed for 5 h at 45 + 5°C by placing
into 250 mL round bottom flask containing 20 mL of dioxane-
methanol mixture (7:3). The solvent was then evaporated under
vacuum (22). Salting out method was used as the second method
of nano-complex preparation. In this method, rutin (0.1% w/v)
and EPC (1:2) were dissolved in 35 mL of the solvent mixture
containing DMSO, chloroform and dehydrated ethanol (2:3:2
ratio). The solution was then gently stirred overnight by using a
magnetic stirrer, followed by the addition of 75 mL of n-hexane
until the formation of precipitate (23).

The lyophilisation was the third method used to prepare
the nano-complex. In this method, rutin was dissolved in
DMSO (2.5% w/v) and EPC dissolved in t-butyl alcohol
(1.5% wiv). The rutin solution was added to the EPC solution
followed by 3 h of stirring on a magnetic stirrer and then
isolated by using the lyophilisation process. The above
solution was filled in vials and these vials were frozen at —
80°C by keeping in an ultra-low temperature freezer (DW-
861338, Haier-Bio Medical, China) for 4 h. These frozen vials
were then placed in the lyophiliser (EBT — 10N, Esquire
Biotech, Chennai, India) with a condenser temperature of —
70°C. Lyophilisation was carried out at 40 mbar pressure and
a shelf temperature of —40°C for 24 h. Then, it was subjected
to secondary drying at 25°C for another 24 h (24). The
samples were taken out from the lyophiliser, and thus, the
formed rutin nano-complex was placed in a desiccator over
fused calcium chloride at 4°C until further use (25).

Based on the results obtained after the preliminary
preparation of the nano-complexes by three different methods,
the best developing technique was selected and the influence of
formulation variables such as selection of proper co-solvent
(chloroform, acetone, methanol, ethanol or z-butyl alcohol) and
optimum rutin:EPC ratio (1:1, 1:2 and 1:3) was assessed.

Evaluation of Rutin Nano-complexes

Thermal Response

The thermal response of rutin:EPC nano-complex was
evaluated by using differential scanning calorimetry (TA
Instruments, TGA/DSC - SDT Q600, New Castle, England).
The samples were taken in an aluminium crimp cell and
sealed, and then it was heated at a speed of 10°C/min from 30
to 300°C in a nitrogen atmosphere (60 mL/min). Thermo-
grams of rutin, EPC (Lipoid® E 80 S), physical mixture of
rutinEPC (1:2) and rutin:EPC (1:2) nano-complex were
obtained (26). Thermal response of the formulations F1, F2,
F3 and F4 were also obtained.
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Fourier Transform Infrared Spectroscopy

An FTIR spectra matching approach was used to
determine the possible chemical interactions between the
rutin and EPC using FTIR spectrometer (Alpha Bruker,
Japan). The ATR method was employed in which a small
quantity of the sample was placed below the FTIR spectro-
photometer probe. Then the probe was tightly fixed and
scanned in the wave number region 4000-500 cm ™' to obtain
the spectra of samples (27). Samples assessed incorporated
rutin, EPC (Lipoid® E 80 S), physical mixture of rutin:EPC
(1:2) and rutin nano-complex 1:2 formed by the lyophilisation
method, and formulations F1, F2, F3 and F4 were also
assessed and interpreted.

Proton NMR (‘H-NMR)

"H-NMR spectra of pure rutin, EPC (Lipoid® E 80 S) and
selected rutin nano-complex formulation were taken to compare
the carbon-hydrogen framework of individual components.
Samples were dissolved in DMSO and then transferred to
NMR tubes and analysed using 400 MHz FT-NMR spectrom-
eter (Bruker Advance II, Bruker, Rheinstatten, Germany).

X-ray Powder Diffractometry

To study molecular crystallinity, X-ray diffraction pat-
terns of pure rutin, EPC (Lipoid® E 80 S) and selected rutin
nano-complex formulation were obtained using X-ray diffrac-
tometer (Rigaku MiniFlex 600, Japan). The operation
specifications were as follows: 40 kV tube voltages, 40 Ma
tube current, K, lines of copper as radiation source and
scanning angle ranging 5-50° of 26 in step scan mode with 1°/
min step width.

Particle Size Analysis and Zeta Potential

The mean particle size (in nm), polydispersity index
(PDI) and zeta potential of formulations F1, F2, F3 and F4
were determined by dynamic light scattering (DLS) method
using Malvern Zeta Sizer (Malvern Instruments, Malvern,
UK). The samples were diluted with distilled water in 1:10
ratio before the measurement. Measurements were per-
formed in triplicates (28).

Surface Morphology

Scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) were used to determine surface
morphology of the formulated nano-complexes. SEM study
was carried out by using a scanning electron microscope
(JEOL-JSM 6380LA, Tokyo, Japan). The samples for SEM
were prepared by lightly sprinkling the nano-complexes on a
double adhesive tape, which was stuck on an aluminium stub.
The photographs of pure rutin and selected rutin nano-
complex formulation were taken with the help of a SEM
analyser (29). TEM was also used to determine the morpho-
logical characteristics of selected nano-complex formulation
by using a transmission electron microscope (JEM-100S
microscope; JOEL Ltd., Tokyo, Japan). The sample was
diluted in a 1:20 ratio with distilled water and sonicated for
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3 min using a probe sonicator (Vibra-Cell™ Ultrasonic
Liquid Processor-VCX130, Sonics & Materials Inc., New-
town, CT, USA). One drop of the diluted solution of rutin
nano-complex was then placed on a carbon-coated copper
grid, forming a fine liquid film. The film on the grid was
negatively stained by the addition of one drop of ammonium
molybdate (2% w/w) in 2% w/v ammonium acetate buffer
(pH 6.8). Excess stain was removed with a filter paper. The
stained film was dried in air and observed under a transverse
electron microscope and photographs were taken.

Drug Content Analysis

The rutin content in nano-complex formulation was
determined by the HPLC method as developed and validated
by Sanghavi er al (30) with minor modifications. Weighed
quantity (2.5 mg) of the rutin nano-complex formulation (F1-
F4) was dispersed in 5 mL of chloroform. Chloroform was
chosen due to the reason that the free rutin is insoluble. The
solution was filtered through 0.2 um membrane filters. The free
rutin residue which was precipitated out was dried, dissolved in
methanol and analysed by HPLC (Prominence UFLC,
Shimadzu, Japan) using column C-18, after suitable dilutions.
The mobile phase (acetonitrile:orthophosphoric acid, 45:55) was
run at a flow rate of 1 mL/min, and the column effluent was
detected using an ultraviolet detector (UV PDA detector; SPD-
M20A) at 360 nm. For the calibration curve, reference stock
solution of pure rutin was prepared at concentration of 1000 pg/
mL by dissolving 25 mg of pure rutin in 25 mL of methanol in
25 mL volumetric flask and diluted suitably to get the
concentration range of 5-30 pg/mL. The regression equation
was found to be Y =39,267.X — 8602 under a linearity range of 5—
30 pg/mL. Retention time was 4.5 + 0.03 min and the correlation
coefficient (%) was 0.999.

In Vitro Stability Study

The in vitro stability study was performed for the
nano-complex at pH 1.2 simulated gastric fluid (SGF) and
pH 7.4 simulated intestinal fluid (SIF) containing no
enzymes. One milliliter of the formulation was made up
to 10 mL with SGF and SIF and incubated for 2 and 6 h,
respectively (31). Samples were stirred at 50 rpm at 37°C
temperature in a water bath shaker. The samples were
then subjected to particle size analysis, zeta potential and
polydispersity index study. All the experiments were
carried out in triplicate.

Solubility Study

Saturation solubility of pure rutin and selected rutin nano-
complex formulation in water and n-octanol was determined by
adding an excess amount of sample to 10 mL of solvent in glass
vial and capped, stirred at 100 rpm to achieve uniform mixing at
room temperature (25-30°C) for 24 h. The resultant solution
was centrifuged (R-8C, Remi Elektrotechnik Ltd. Vasai, India)
at 5000 rpm for 30 min. The supernatant was filtered through
0.2 pm membrane filter, and after suitable dilution, the samples
were analysed by HPLC method. The partition coefficient of
pure rutin and rutin nano-complex formulation (F2) in n-
octanol/phosphate buffer pH 7.4 was also determined by a
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conventional method using separating funnel and was calculated
using following equation,

Cy
K
G

Where C; is the concentration of the drug in the oil
phase, C, is the concentration of the drug in an aqueous
phase and K is an equilibrium constant.

In Vitro Drug Release Study

In vitro drug release from the nano-complex was deter-
mined using the dialysis method. The dialysis sacks were washed
as per the instruction given by the manufacturer. After proper
pre-treatment, one end of the sack was tied and known amounts
(10 mg) of pure rutin and rutin nano-complex formulations (F1-
F3) (~ 10 mg of rutin) were placed inside the sacks. The other
end of the sack was tied and suspended vertically into a beaker
placed on a magnetic stirrer with hot plate containing 500 mL of
buffer solution of pH 1.2 and pH 7.4 as two different dissolution
media in order to mimic the pH of the stomach and a distal part
of the small intestine. The pH of the dissolution medium was
kept 1.2 for the first 2 h and then replaced with pH 7.4. The
content of the beaker was stirred at 100 rpm at 37°C. The
samples were withdrawn (5 mL) from the dissolution medium at
various time intervals, and the apparatus was immediately
replenished with the same quantity of fresh buffer medium to
maintain the sink conditions (25). Samples were filtered through
0.2 um membrane filter and analysed by the HPLC method after
the required dilution. The data obtained from the in vitro release
study was fitted to kinetics release models to understand the
mechanism of drug release from the rutin nano-complex.

In Vitro Antioxidant Activity

The free radical scavenging activity of pure rutin and rutin
nano-complex formulation (F2) was measured and compared
with the activity of standard (ascorbic acid) using stable free
radical DPPH (2,2-diphnyl 1-picryl hydrazyl) as per the method
described by Jamuna et al. with modifications (32); 0.1 mM
solution of DPPH in methanol was prepared, and from this,
1.55 mL was added to 3.5 mL methanolic solution of pure rutin
and rutin nano-complex of different concentrations ranging
from 10 to 50 pg/mL (30). The absorbance of the standard and
samples were measured at 517 nm using an ELISA plate reader
(AM-2100, Alere Inc., USA). The % DPPH scavenged was
calculated using the following formula:

Absorption (control)—Absorption (sample)
Absorption (control)

% Inhibition of DPPH = x 100

In Vivo Hepatoprotective (Liver Function Test) and
Antioxidant Activity Studies

Dosing

The adult male Wistar rats were divided into six groups
of six animals in each. Group I animals were treated with
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distilled water with 1% v/v Tween 20 p.o. for 7 days and
considered as the normal group. Group II animals were
treated with an equal mixture of carbon tetrachloride (CCly)
and 50% v/v, 5 mL/kg olive oil as single dose i.p. on the 7th
day. Group III and IV animals were treated with rutin
suspension in distilled water with 1% v/v Tween 20 at a dose
level of 100 and 200 mg/kg, respectively, per day p.o. for
7 days. On the 7th day, a single dose of equal mixture of CCly
and olive oil was administered (50% v/v, 5 mL/kg, ip.).
Group V and VI animals were treated with rutin nano-
complex (F2) equivalent to 100 and 200 mg/kg of rutin,
respectively, p.o. for 7 days. A single dose of equal mixture of
CCl, and olive oil was administered (50% v/v, 5 mL/kg i.p.)
on the 7th day (23,33,34).

Serum Analysis

Animals have fasted, and after 24 h of intoxication, they
were anaesthetised with ether and blood was collected from
retro-orbital plexus on the 8th day. Serum was separated by
centrifugation (CM-8 PLUS, Remi Elektrotechnik Ltd. Vasai,
India). Liver function test (LFT) was performed by measuring
serum glutamate oxaloacetate transaminase (SGOT) also
known as aspartate transaminase (AST), serum glutamate
pyruvate transaminase (SGPT) also known as alanine transam-
inase (ALT), serum alkaline phosphatase (SALP) and total
bilirubin. On the 8th day, after blood collection, animals were
sacrificed by cervical decapitation under light ether anaesthesia.
The liver was dissected from the animals immediately for
biochemical estimation and histopathological observation. The
liver was washed in ice-cold saline, and the homogenate
prepared in 0.1 M Tris HCI buffer (pH 7.4). The homogenate
was subjected to centrifugation and the supernatant was used for
the assay of marker enzymes namely reduced glutathione
(GSH), glutathione peroxidase (GPx), glutathione S transferase
(GST), glutathione reductase (GRD), superoxide dismutase
(SOD), catalase (CAT) and thiobarbituric acid reactive sub-
stances (TBARS). Protein concentration was determined using
purified bovine serum albumin as standard (20,23,34).

Histopathological Studies

Immediately after sacrifice, the liver of the animals was
dissected and preserved in neutral buffered formalin. Livers
were sectioned and stained with haematoxylin and eosin and
examined under a microscope (Zeiss Primo Star Digital,
Germany) (22,35).

Oral Bioavailability Studies

The Concentration of Rutin in Rat Serum

For the oral bioavailability study of pure rutin and rutin
nano-complex (F2), male Wistar rats weighing 150-200 g were
divided into two groups (n=6). All the animals were fasted
overnight with access to water ad libitum. Group I received a
single dose of pure rutin (100 mg/kg, p.o.) and group II received
a single dose of rutin nano-complex (~ 100 mg/kg rutin, p.o.).
Under ether anaesthesia at predetermined time intervals, blood
samples were collected from the retro-orbital plexus in
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centrifuge tubes and centrifuged at 3000 rpm for 10 min, and
serum was separated and kept at —20°C until further use.

The amount of rutin in the rat serum was estimated by
using the HPLC method as developed and validated by Maiti
et al. (33) with some modifications. Acetonitrile and 0.1%
orthophosphoric acid in the ratio 45:55 were used as mobile
phase. Flow rate was kept at 1 mL/min. UV PDA detector
(SPD-M20A) at 360 nm was used for detection.

Extraction of Rutin from Plasma and Sample Preparation

After attaining room temperature, 1 mL of serum was
taken in 10 mL volumetric flask and 5 mL methanol was added.
It was shaken vigorously and heated at 75°C for 30 min and
volume was made up to 10 mL with methanol. This solution was
centrifuged (R-8C, Remi Elektrotechnik Ltd. Vasai, India) at
5000 rpm for 30 min. The supernatant was separated and filtered
and 20 pL was subjected to HPLC analysis.

Pharmacokinetic Parameters

The pharmacokinetic parameters such as maximum plasma
concentration (Cp,x) and the time required to reach maximum
concentration (Tp,a) of rutin nano-complexes were determined
based on the plasma concentration-time curve. Other parameters
such as area under plasma concentration-time curve from zero to
time of the final measured sample (AUC_; and area under plasma
concentration-time curve from zero to infinity (AUC_,), elimina-
tion half-life (#12¢), elimination rate constant (K.), clearance (Cl)
and volume of distribution (V4) were calculated using computer
software (WinNonlin®, Version 4.1, USA) and compared to the
parameters obtained for free rutin. Relative bioavailability (F) is
the ratio of total amount of drug absorbed from rutin nano-
complex to the total amount of drug absorbed from pure rutin. The
amount of drug absorbed (A,.x) from a dosage form is a function
of Vg, K. and AUC,._,,, Therefore, the relative bioavailability (F)
was calculated by using the following formula,

~ Total amount of drug absorbed from rutin nano—complex (Ama nano—complex)

F= Total amount of drug absorbed from pure rutin (A, pure rutin)
Fe (Vg x K¢ x AUCq,) nano—complex % 100
" (V4 x Kg x AUCy_.) pure rutin

x 100

Statistical Analysis

The data were expressed as mean =+ standard error mean
(SEM). For liver function test, in vivo antioxidant activity
studies and pharmacokinetic studies, the statistical analysis
was carried out using one-way analysis of variance (ANOVA)
followed by Dunnett’s and Student’s ¢ test. P values <0.05
were considered as statistically significant.

RESULTS AND DISCUSSION
Formulation of Rutin Nano-complexes

In the preliminary studies, three different preparation
methods of nano-complexes were screened for convenient
nano-complex formation, namely solvent evaporation
method, salting out method and lyophilisation method. In
the qualitative solubility study of drug rutin, a good solubility
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of rutin was obtained in DMF or DMSO in the form of clear
rutin solution. Since DMSO has better safety profile (LDs is
7.920 g/kg; oral dose in mice) compared to DMF (LDs is
2.8 g/kg; oral dose in rat) (36), it was used as the main solvent
in the study.

Maiti et al. reported that the solvent evaporation method
is a possible method for the formation of a drug-phospholipid
complex (18). Therefore, the solvent evaporation method was
considered as one of the methods of the preparation of nano-
complex using dioxane and methanol as a solvent mixture in
the ratio of 7:3. However, in this solvent mixture, there was
no clear rutin:EPC solution observed, which limited the
formation of the nano-complex between rutin and EPC. It
was supported by DSC studies, and the thermograms of rutin,
EPC (Lipoid® E 80 S), a physical mixture of rutin:EPC (1:2)
and rutin nano-complexes prepared by solvent evaporation,
salting out and lyophilisation methods are given in Fig. 2. The
thermogram of the nano-complex prepared by the solvent
evaporation method (Fig. 2d) was found to be similar to the
thermogram of the physical mixture of rutin:EPC in the ratio
of 1:2 (Fig. 2c). DMSO could not be used in this method,
though we obtained good solubility (qualitative) due to its
high boiling point (189°C), as the phospholipids decompose at
this high temperature (37). The DSC thermogram of the
nano-complex prepared by the salting out method (Fig. 2e)
suggested weak complex formation and decomposition upon
the addition of n-hexane, dissolving the EPC and leaving the
rutin precipitated.

Lyophilisation was the other method employed to
formulate nano-complexes and found to be the method of
choice as this method involves a simple procedure and fewer
steps. Further, the evaporation and precipitation methods of
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development during the preparation were not observed,
which were the major drawbacks associated with the other
two methods, and therefore, lyophilisation was considered to
be the single step preparation method, which resulted in a dry
product (38). The DSC thermogram of the nano-complexes
prepared by the lyophilisation method (Fig. 2f) also sup-
ported the complex formation (all the DSC thermograms
obtained are discussed in the “RESULTS AND
DISCUSSION?” separately). By considering all these factors,
the lyophilisation method was selected as the best possible
method for the formulation of rutin nano-complexes.

For the selected nano-complex preparation method
(lyophilisation), optimisation of different formulation vari-
ables was carried out. A suitable co-solvent for dissolving
EPC was selected after proper screening of solvents like
chloroform, acetone, methanol, ethanol and #-butyl alcohol
apart from the main solvent, i.e. DMSO for rutin. EPC was
required to be dissolved in a co-solvent without forming
precipitation when it mixed with the solution of rutin
dissolved in DMSO. From the visual observation, it was
found that t-butyl alcohol and methanol formed a clear
solution of EPC and rutin in DMSO without disturbing
rutin’s physical stability in DMSO solution. But due to the
low freezing point of the methanol, it cannot be used in the
lyophilisation process, since it has the sublimation step and it
can only be possible if the solvent stays in frozen state. The
high vapour pressure of the solvent is required to obtain the
lyophilisation process with acceptable duration. DMSO alone
is not a suitable solvent for lyophilisation since it has a high
melting point of 19°C, but extremely low vapour pressure of
0.08 kPa at 25°C; hence, slow drying of the product was
anticipated. The #-butyl alcohol has a high vapour pressure of
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Fig. 2. DSC thermograms of rutin (a), EPC (b), physical mixture of rutin:EPC (1:2) (¢) and rutin nano-complexes prepared by solvent
evaporation (d), salting out (e) and lyophilisation (f) methods. DSC, differential scanning calorimetry; EPC, egg phosphatidylcholine
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Table I. Composition and Characteristics of the Rutin Nano-complexes (F1-F4)

Formula Rutin:EPC ratio Particle size (nm) Polydispersity index (PDI) Zeta potential (mV) Drug content (% w/w)
F1 1:1 274.2 = 1.06 0.376 = 0.02 =347 £ 0.01 423 +0.04
F2 12 124.6 + 0.01 0.495 + 0.03 —-282+0.12 54.7 £ 0.02
F3 1:3 173.6 £ 2.43 0.471 + 0.01 =237 032 38.5 £ 0.01
F4 1:2 + 1% mannitol 240.7 £ 2.52 0.520 + 0.02 -154 +0.27 272 +0.02

Values are mean + SEM (n =3)

EPC, egg phosphatidylcholine; PDI, polydispersity index; F, formulation; SEM, standard error mean

4.1 kPa at 25°C and a high melting point of 24°C with low
toxicity (39). Also, it was reported that subjecting z-butyl
alcohol to the lyophilisation process leads to the formation of
needle-like crystals with the larger surface area and high
porosity which can facilitate the sublimation process. All
these components conveyed the use of f-butyl alcohol as an
ideal co-solvent (freeze-drying co-solvent) that could be
eliminated thoroughly and rapidly by lyophilisation (40).
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Therefore, t-butyl alcohol was selected as an organic co-
solvent to solubilise EPC, which is miscible with DMSO, in
which rutin was dissolved as reported by Salazar et al. for the
glibenclamide drug (41).

For the preliminary preparation of nano-complexes,
drug:phospholipid was taken in a 1:2 ratio. Besides this, rutin
nano-complexes were also formulated in 1:1 and 1:3
rutin:kEPC ratio to give three nano-complex formulations

b

Sample: P12 DSC-TGA

Size: 3.9030 mg
Method: Ramp

File: C:ATA\Data\SDT\Dr Ravi\24-7-17\P 12,001
Operator: Mahesh

Run Date: 25-Jul-2017 10:55

Instrument: SDT Q600 V20.9 Build 20

Heat Flow (W/g)

~
h

T
400 500
Universal V4.5A TA Instruments

300
Temperature (°C)

T
200
ExoUp

d

DSC-TGA File: C:\TA\Data\SDT\Dr Ravi\24-7-17\P 1 4.001

Operator: Mahes|
Run Date: 25-Jul-2017 14:55
Instrument: SDT Q600 V20.9 Build 20

Sample: P 14
Size: 4.0850 mg
Method: Ramp

T
500 600
Universal V4.5A TA Instruments

T T
300 400

Temperature (°C)

T
100 200
ExoUp

Fig. 3. DSC thermograms of rutin nano-complex formulations F1 (a), F2 (b), F3 (¢) and F4 (d). DSC, differential scanning calorimetry; F,

formulation
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(F1, F2 and F3) as depicted in Table I. In one of the
formulations (F4), the rutin:EPC ratio was kept at 1:2 and 1%
w/v mannitol added as a cryoprotectant during the
lyophilisation.

Evaluation of Rutin Nano-complexes

Thermal Response

Thermal analysis was carried out to investigate solid-state
interactions, especially in complexes. DSC thermograms of
rutin, EPC, physical mixture of rutin:EPC (1:2) and nano-
complexes prepared by the solvent evaporation method, salting
out method and lyophilisation method are given in Fig. 2. The
thermogram of rutin (Fig. 2a) showed a sharp endothermal peak
at 242°C corresponding to the melting point of rutin. A sharp
endothermal peak was observed at 164.8°C in the thermogram
of EPC (Fig. 2b), which may be due to the gel to liquid crystal
state transition (20,36). As shown in the thermogram of the
physical mixture of rutin:EPC (1:2) (Fig. 2c), the endothermal
peaks of both rutin and EPC appeared but shifted towards the
lower temperatures 233 and 138°C, respectively. As reported by
Maiti et al., drugs will dissolve in the molten phospholipids and
partially form the phospholipid complexes on increase in
temperature, which is in accordance with the preparation of
the drug-phospholipid complexes by the melt out method (19).
But the melt out method cannot be used in this study due to the
high melting point of rutin (242°C), which leads to the
decomposition of EPC (36). The DSC thermograms of the rutin
nano-complex formulations (F1 to F4) are given in Fig. 3. It was
observed in the DSC thermograms of all the formulations that
the drug endothermal peaks disappeared, with an appearance of
a new broad endothermal peak at 158°C, indicating the
formation of a new complex peak near the EPC peak. These
results are similar to the findings of Xu et al., who reported the
disappearance of luteolin endothermal peaks in the drug-
phospholipid complex and the formation of a new complex
peak due to the complex formation by interactions including

100.0
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hydrogen bonds or van der Waals forces (42). Further, the broad
appearance of the peak does indicate that the complex is
partially in an amorphous state.

Fourier Transform Infrared Spectroscopy

FTIR spectroscopic analysis was used to investigate the
formation of nano-complex between rutin and EPC. The
FTIR spectra of rutin, EPC, physical mixture 1:2 and nano-
complex 1:2 obtained by the lyophilisation method (Fig. 4)
were compared, and the characteristic peaks associated with
specific functional groups and bonds of the molecule and their
presence/ absence were noted by matching the absorption
frequencies of the respective functional groups and bands
(43). The changes were observed between the physical
mixture and the nano-complex in the wave number ranging
from 1231 to 942 cm ' corresponding to the region of the
EPC phosphate group. Broadening of the phenolic (-OH)
band of rutin at 3637 cm™ ! was also observed, which is a sign
of H-bonding. The spectra of the physical mixture 1:2 and the
nano-complex 1:2 obtained by the lyophilisation method
showed an additive effect of rutin and EPC, in which the
absorption peaks of rutin and EPC were still present at 1651
and 2852 cm™!, respectively. These observations suggest that
some weak physical interaction between the hydroxyl group
of rutin and the phosphate group of EPC took place during
the complex formation. This is in accordance with the findings
of Xu et al., who reported the formation of weak bonding
between luteolin and phospholipid during complex formation
(42). The FTIR spectra of the nano-complex formulations
F1-F4 (Fig. 5) reflect the complex formation in all ratios
which showed no significant difference in between.

Proton NMR ('H-NMR)
The 'H-NMR spectra of pure rutin, phospholipid

(Lipoid® E 80 S) and rutin nano-complexes (F2) were
recorded at 400 MHz frequency on (8) scale, and 'H
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Fig. 4. IR spectra of rutin (a), EPC (b), physical mixture of rutin:EPC (1:2) (¢) and rutin nano-complex prepared by lyophilisation method (d).

IR, infrared; EPC, egg phosphatidylcholine
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Fig. 5. IR spectra of rutin nano-complex formulations F1 (a), F2 (b), F3 (¢) and F4 (d). IR, infrared; F, formulation
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2.4 Hz, 2H at C2’ and 6'-H), 6 7.547-7.526 (dd, J =2.0 Hz, 4H,
H at C2,3” and 2, 3"), 6 6.894-6.873 (d, 1H at C-5’), 0 6.408—
6.403 (d, 1H at C8), 9 6.189-6.184 (d, 1H at C6-H), 6 3.336 (s,
2H, H at CH2 bridge) and 6 2.508-2.500 (t, J=1.6 Hz, 2H, H
at C4”). The 6 values obtained were in agreement with the
values reported in the literature (44). The "H-NMR spectrum
of Lipoid® E 80 S exhibited the characteristic chemical shift
values (8, ppm; d6DMSO) as follows: 6 5.331 (2H, t, J=3.2), §
3.342 (4H, s, -OCH2), 6 2.516 (3H, s, CH3), 6 2.288 (t, J=3.2,
16H), 6 2.050 (d, J = 6.4 Hz, 8H), 6 2.018 (d, J =6.8, 1H, CH2),
d 1.510 (s, 23H) and 6 1.270 (s, 3H), and the 'H-NMR
spectrum of the prepared rutin nano-complex (Fig. 6b)
showed the characteristic chemical shift values at § 12.491
(s, 1H, OH at C5,7), §7.562-7.545 (d, J=6.8 Hz, 2H, H at
C2’and 6’-H), 66.868-6.846 (d, J=8.8 Hz, 1H at C-5’'),
56.407-6.404 (d, J=1.2 Hz, 1H at C8), 56.210 (s, 1H at C6-
H), 65.362-5.344 (d, J=7.2 Hz, 1H Glu), § 5.201-5.192 (d, J =
3.6 Hz, 2H Phos), 6 5.087(s, 1H Rham), ¢ 4.397 (s, 1H, CH,
Rham), 6 4.099-4.085 (d, J=5.6 Hz, H at Glu), ¢ 3.732-3.705
(d, J=10.8 Hz, H at CH2, Glu), ¢ 3.573-3.110 (s, d, dd, H of
Phos), 6 3.349 (s, 3H, H at CH3) and 6 3.306 (s, 2H, H at CH2
bridge). In '"H NMR, proton peaks at 9.5 for H-4’ and § 10.7
for H-7'-OH are missing in the rutin nano-complex formula-
tion indicating the interaction of phospholipid with the
negative oxygen of labile -OH group. The downfield shift of
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H-5 proton of rutin in rutin nano-complex formulation at ¢
12.4 indicated its intramolecular hydrogen bonding with the
C-4 ketonic function. This confirmed the formation of
molecular complexes of rutin with phospholipid (45).

X-ray Powder Diffractometry

The X-ray crystallography technique is used to deter-
mine the molecular crystallinity of the rutin nano-complex.
The X-ray diffractograms of pure rutin, EPC and rutin nano-
complex (F2) are shown in Fig. 7. The X-ray diffractogram of
pure rutin (Fig. 7a) showed the intense and sharp diffraction
peaks of crystallinity at 20 = 12.0769°, 15.5618°, 23.4592° and
27.0049°C which proves that rutin is crystalline in nature. The
X-ray diffractogram of EPC (Lipoid® E 80 S) (Fig. 7b)
showed a single, relatively broad diffraction peak at 26 =
19.567°. The absorbance of any additional, well-defined,
sharp crystalline peaks in Lipoid® E 80 S diffractogram
indicated the amorphous nature of the phospholipid. The X-
ray diffractogram of the rutin nano-complex (Fig. 7c)
exhibited a single broad peak at 20 =20.9873°. The disap-
pearance and reduction in the intensity of large diffraction
peaks of pure rutin suggested that rutin in the rutin nano-
complex may be molecularly dispersed in the phospholipid
matrix and formed an amorphous form. The reduction in
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Fig. 7. X-ray diffractograms of pure rutin (a), EPC (b) and rutin nano-complex (c¢). EPC, egg phosphatidylcholine
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crystallinity of rutin in the rutin nano-complex formulation
may also be a reason for its increased solubility as it is a
known fact that amorphous substances are more soluble in
nature compared to their crystalline forms.

Particle Size Analysis and Zeta Potential

The formulated rutin nano-complexes were characterised
for particle size, zeta potential and PDI (Table I). The nano-
complexes diluted with distilled water are expected to possess
a negative charge due to the phosphate group of the EPC in
the surrounding water with a neutral pH value (38). F1
formulation with 1:1 ratio of rutin:EPC showed particle size
of 274.2 nm, zeta potential —34.7 mV and PDI 0.376. The
higher particle size and increased negativity in the surface
charge of F1 formulation than F2 may be due to the presence
of free rutin and EPC due to weak bonding. In F2
formulation, reduction in particle size (124.6 nm) was
observed with an adequate zeta potential (—28.2 mV) and
PDI (0.495) compared to F1 formulation, which may be due
to physical bonding of all rutin molecules to the polar heads
of EPC, suggesting that the 1:2 ratio of rutin:EPC is optimum
to form nano-complexes. Results of F3 formulation suggested
further increase in the rutin:EPC ratio from the proposed
optimum ratio which leads to an increase in particle size
(173.6 nm) and a decrease in zeta potential (—23.7 mV) with
PDI of 0.471. This might be due to the aggregation of excess
EPC molecules that have complexed with rutin molecules
resulting in higher particle size and lower surface charge. The
F4 formulation in which 1% w/v mannitol was added as
cryoprotectant showed higher particle size (240 nm) and PDI
(0.520) with low zeta potential value (—15.4 mV) in compar-
ison with F2 formulation without cryoprotectant. This is due
to the crystal nature of mannitol and the formation of the
eutectic composition with ice, which can cause phase separa-
tion in the cryo-concentrated portion of the frozen nano-
complex. The lower zeta potential value might be due to the
shielding of the negativity of EPC by mannitol molecules.
Further, the lower zeta potential value also indicated
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Fig. 9. TEM image of rutin nano-complex with 20-fold dilution in
distilled water. TEM, transmission electron microscopy

decreased stability. Homogenisation or extrusion may not be
an appropriate method to reduce the PDI in the nano-
complex formulations as it may lead to the decomposition of
the rutin:EPC complex (46).

Surface Morphology

The SEM images of the pure drug rutin (Fig. 8a) and
selected rutin nano-complex formulation (F2) (Fig. 8b)
revealed that the crystalline drug rutin is converted into a
nano-complex which exhibited a fluffy, porous and rough
surface, which might have improved the solubility and
dissolution compared to pure rutin. The TEM image (Fig. 9)
of the selected rutin nano-complex formulation (F2) showed
well-formed, discrete vesicles as the rutin nano-complexes are
formed by combining the polar head of the EPC and the
polar functional group of rutin. When nano-complexes
swirled in distilled water, they formed vesicular nanostruc-
tures with no evidence of aggregation or decomposition.

Fig. 8. SEM image of pure rutin (a) and rutin nano-complex (b) (x1100). SEM, scanning electron microscopy
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Drug Content

The results of drug content estimation by HPLC are
summarised in Table I. The F2 formulation showed maximum
drug content of 54.7 + 0.02% wi/w.

In Vitro Stability Study

In vitro stability study of the selected formulation (F2)
was carried out to predict the physical stability of the rutin
nano-complexes after intake into the GIT, by observing the
changes in physicochemical properties like particle size, zeta
potential and PDI and physical factors like aggregation and
precipitation. The stability study of F2 formulation after 2 h in
SGF (pH 1.2) showed reduced particle size upon incubation
from 106.7 £2.56 to 88.95+1.73 nm. Insignificant variations
were observed after 2 h for PDI (0.96+0.01) and zeta
potential (+23.1+0.23 mV) compared to initial PDI (0.89 =
0.03 and zeta potential (+15.4+0.18 mV). In SIF (pH 7.4),
particle size reduced from 301.4 +2.86 to 269.9 + 2.12 nm after
incubation, and insignificant changes were observed in initial
PDI (0.53+0.002) and zeta potential (—14.7+1.12 mV)
compared to the PDI (0.61 +0.01) and zeta potential (—9.66
+1.36 mV) after 6 h. Aggregation or precipitation was not
seen either in SGF or SIF fluid. These results indicated the
stability of the rutin nano-complexes after incubation in
different pH media. A positive charge (+23.1+0.23 mV) in
the acidic condition (pH 1.2), a negative charge in water (—
28.2+0.12) and a lower negative charge in pH 7.4 phosphate
buffer (—9.66+1.36 mV) were observed due to the dual
charge of EPC. The acidic medium neutralises the phosphate
oxygen negativity allowing positive charge to predominate.
Higher pH (water and SIF) neutralises choline positive
charge leading to negatively charged vesicles. These results
suggest that the shelf life stability of the rutin nano-complex
does not require high repulsion force. Results of the in vitro
stability study are given in Table II.

Solubility Studies

Rutin is hydrophobic in nature and poorly soluble in
water. Its poor solubility leads to poor absorption and poor
permeation across the enterocytes of the intestine leading to
reduced bioavailability. The aqueous solubility of rutin was
observed ~1.7 pg/mL and relatively higher solubility was
observed in n-octanol (~44.58 pg/mL) which indicated that
rutin is lipophilic in nature. The prepared rutin nano-complex
(F2) showed a highly significant increase (over 25-fold) in the
aqueous solubility compared to pure rutin (P <0.001). This
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may be due to the amphiphilic, amorphous and porous
characteristic of the complex compared to the molecular
crystallinity of pure rutin, which is supported by SEM and
XRD study results. The partition coefficient of pure rutin and
rutin nano-complex (F2) in n-octanol/phosphate buffer pH
7.4 was found to be 2.59 +0.539 and 0.67 + 0.073, respectively.
The results of the solubility study of rutin and rutin nano-
complex formulation (F2) in water and n-octanol are depicted
in Table III.

In Vitro Drug Release Study

In vitro drug release study was conducted to investigate
the rapidity of rutin release from the rutin nano-complexes.
The output obtained by the dialysis method helps to predict a
correlation with in vivo drug release. In vitro drug release
profile of pure rutin and rutin:EPC complex (F1-F3) in acidic
buffer pH 1.2 (up to 2 h) and phosphate buffer pH 7.4 (2
24 h) is shown in Fig. 10. The pure rutin showed 18.2% drug
release at the end of 2 h in acidic pH 1.2 and 54.3% drug
release at the end of 24 h in phosphate buffer pH 7.4. Unlike
pure rutin, the rutin nano-complex formulations (F1-F3)
showed high drug release at the end of 24 h, but in acidic
pH, the drug release was less than that of the pure rutin. The
F2 formulation showed better drug release of 74.4% at the
end of 24 h. The results showed that the improved release of
rutin from the rutin nano-complex may be because of
increased solubility and wettability of the nano-complex due
to its amorphous nature compared to pure rutin which is
crystalline in nature. The fluffy, porous and rough surface of
the nano-complex also helped to improve the dissolution of
the nano-complex, which was also supported by the SEM and
solubility studies. Higuchi’s plot of the rutin nano-complex
formulations was found to be linear and confirmed diffusion-
controlled drug release. The sustained release of rutin occurs
in two steps. First, in aqueous media, rutin dissociates from
the complex, and in the second step, the dissociated free rutin
will diffuse out of the phospholipid matrix; hence, the rutin
nano-complex enhances the rate and extent of rutin release
compared to pure rutin (47).

In Vitro Antioxidant Activity

In vitro antioxidant activity of pure rutin and the rutin
nano-complex (F2) was evaluated as free radical scavenging
activity (% of DPPH scavenged). The % inhibition of DPPH
by pure rutin and rutin nano-complex was compared with the
% inhibition of DPPH by standard (ascorbic acid). The %
inhibition of DPPH at 50 pg/mL concentration by ascorbic

Table II. In Vitro Stability of Rutin Nano-complex in SGF and SIF Without Enzymes

Media Time interval Particle size (nm) Polydispersity index (PDI) Zeta potential (mV)
SGF Zero time 106.7 + 2.56 0.89 + 0.03 +15.4 £ 0.18

2h 88.95 + 1.73 0.96 + 0.01 +23.1+0.23
SIF Zero time 301.4 = 2.86 0.53 = 0.02 -14.7 £ 1.12

6h 269.9 +2.12 0.61 +0.01 —9.66 + 1.36

Values are mean + SEM (n =3)

SGF, simulated gastric fluid; S/F, simulated intestinal fluid; SEM, standard error mean
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Table ITII. Solubility of Pure Rutin and Rutin Nano-complex in Water
and N-octanol at 37°C

Medium Solubility (pg/mL)

Pure rutin Rutin nano-complex
Water 1.76 = 0.264 44.58 + 0.248
N-octanol 126.18 + 2.143 210.86 + 1.216

Values are mean + SEM (n =3)
SEM, standard error mean

acid, pure rutin and rutin nano-complex (F2) was found to be
91.75 +1.46, 29.30 = 1.58 and 44.53 +1.98%, respectively, and
the results are depicted in Fig. 11. The results revealed the
significant free radical scavenging activity of rutin in nano-
complex, which can be attributed to the increased ability of
the rutin to donate hydrogen ions and reducing DPPH radical
to corresponding hydrazine (48).

In Vivo Hepatoprotective (Liver Function Test) and
Antioxidant Activity Studies

Serum Analysis

The liver has the function to detoxify toxic substances and
synthesise useful biomolecules as a key organ of metabolism and
excretion. Hepatotoxicants such as bacterial metabolites, fungal
products, viruses, environmental pollutants, minerals and che-
motherapeutic agents induce liver damage. Liver diseases are
the major ones among the various health problems, including
liver cirrhosis, fibrosis, hepatocellular carcinoma and hepatitis,
which appears to be the most serious. Hepatotoxins, such as
ethanol, acetaminophen and CCly, induced liver injury, which is
characterised by varying degrees of hepatocyte degeneration
and cell death. CCl; decreases the activities of antioxidant
enzymes and enhances the formation of free radicals, which
cause lipid peroxidation of cellular and organelle membranes,

% Drug release
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and has been widely used as a hepatotoxic agent. CCl, induces
the increase in serum SGOT and SGPT levels due to the cell
membrane and mitochondrial damage of liver cells. CCly is
reported to be metabolised by the hepatic cytochrome P-450
enzymes into reactive oxygen species (ROS), and the covalent
binding of these metabolites (trichloromethyl free radicals) to
cellular macromolecules (e.g. lipids, proteins, nucleic acids) is
considered to be the first step in a chain of events that eventually
lead to membrane lipid oxidation and ultimately to the death of
the cell (49,50). Liver injury can be confirmed when there is a
rise in either (i) ALT level more than three times of the upper
limit of normal (ULN), (ii) SALP level more than twice the
ULN or (iii) total bilirubin level more than twice the ULN when
associated with the increased ALT or ALP (51). In the present
study, after inducing the hepatic damage by CCl, intoxication,
the rat serum was analysed for the marker enzymes and a
significant rise in SGPT, SGOT, SALP and also serum bilirubin
levels was observed. In the CCly-intoxicated group, the SGPT
level was increased by 3 times, the SGOT level increased by
more than 2.5 times, the SALP by more than 1.5 times and total
bilirubin level was increased by more than 2 times than that of
the normal group, which confirmed the hepatic damage caused
by CCly. It was evident that pre-treatment with the rutin nano-
complex better restored the normal enzyme levels compared to
pure rutin at the same dose levels (100 and 200 mg/kg). The
results of the liver function tests are depicted in Table I'V. The
same group of animals showed fewer variations despite having
difference in their body weight due to several reasons, such as
drug dose was calculated based on the body weight of individual
rats and the living environment was continually adapting to
seasonal demands of survival and also the reproduction.

Rutin is a powerful free radical scavenger; thus, it can
shield the liver from the adverse effects of CCl, (52). The
results of the assay of marker enzymes of antioxidant studies
in normal, CCly-intoxicated, pure rutin-treated and rutin
nano-complex (F2)-treated rat groups are depicted in
Table V. Compared to the normal group, levels of GSH,
GPx, GST, GRD, SOD and CAT significantly reduced
(P<0.01). It was also observed that the levels of these

=== Pure Rutin
—-F1

—4—F2

0 2 4 6 8 10 12 14

Time (h)

T T T T 1

16 18 20 22 24

Fig. 10. In vitro drug release profile of pure rutin and rutin nano-complex (F1-F3) in acidic buffer
pH 1.2 (up to 2 h) and phosphate buffer pH 7.4 (2-24 h). Values are mean + SEM (n=3).
*P<0.001 (significant with respect to free rutin). EPC, egg phosphatidylcholine; SEM, standard

error mean; h, hour; F, formulation
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Fig. 11. % inhibition of DPPH by standard (ascorbic acid), pure rutin and rutin nano-complex (F2). Values are mean +
SEM (n=3). DPPH, 2,2-diphenyl-1-picrylhydrazyl; SEM, standard error mean; F, formulation

enzymes were better restored in the rutin nano-complex
(equivalent to 100 and 200 mg/kg of rutin)-treated groups
compared to pure rutin-treated groups at the same dose
levels. This result marginally differed from the findings of
Maiti et al., who reported that treatment with free quercetin
drug at 10 mg/kg did not produce any significant result in the
SOD level (22). The TBARS level was increased significantly
(P <0.05) in the CCly-intoxicated rat group compared to the
normal group. The rutin nano-complex (equivalent to 100
and 200 mg/kg)-treated groups showed a better increase in
TBARS levels towards the normal compared to animal
groups treated with pure rutin at the same dose levels
(Fig. 12). Trichloromethyl radical produced by the action of
cytochrome P-450 in CCly-induced hepatotoxicity initiates the
cascade of free radical reactions which increases the lipid
peroxidation and reduction in hepatic enzyme actions (53—
55). The rutin nano-complex at the dose equivalent to
200 mg/kg of rutin better restored the normal enzyme levels
which in turn enhanced the therapeutic efficacy of rutin

towards hepatic protection. The reason behind this is the
formation of catecholic (o-diphenolic) metabolites (3,4-
dihydroxyphenylacetic acid and 3,4-dihydroxybenzoic acid)
from rutin which is able to scavenge two free radicals, in two
successive 1H/1e™ processes (56).

Histopathological Studies

Photomicrographs of the histopathological study of rat
liver sections of all rat groups are shown in Fig. 13. The
normal control group of animal liver sections showed clear
nucleus, nucleolus, veins and cytoplasm (Fig. 13a), but the
liver tissues of the CCly-intoxicated rat groups showed visible
damage and degeneration of parenchyma cells, degeneration
of liver fatty tissue and damage of the central lobular region
(Fig. 13b). Rutin nano-complex (equivalent to 100 and
200 mg/kg of rutin) pre-treatment (Fig. 13f) better restored
the altered histological changes induced by CCly compared to
the same dose of pure rutin pre-treatment. Restoration of the

Table IV. Liver Function Test After CCly-Induced Hepatotoxicity in Rats on the 8th Day (n =6)

Group IV
CCL, + rutin
(200 mg/kg)

Group V

CCL4 + rutin
nano-complex
(~ 100 mg/kg)

Group VI

CCL4 + rutin
nano-complex
(~200 mg/kg)

Parameters Group I Group 11 Group 111
Normal CCL, treated CCL,4 + rutin
(100 mg/kg)
SGPT (U/L) 40.98 + 2.49%* 120.73 + 5.54 93.40 + 2.43%*
SGOT (U/L) 36.18 + 3.40%* 94.26 + 4.62 81.25 + 4.21*
SALP (U/L) 146.81 + 3.84%** 224.79 + 2.46 196.43 + 2.12*
Total bilirubin (mg/dL) 0.58 + 0.02%* 1.24 £ 0.01 0.96 + 0.01%**

78.71 + 3.16*
64.92 + 3.36
169.58 + 2.87

0.76 + 0.01*

81.75 + 1.87**

70.64 + 1.85%*

172.49 + 1.86%*
0.87 + 0.02%%*

63.68 + 2.27%*
48.23 + 1.67%*
151.25 + 1.92%*
0.68 + 0.01%*

Values are mean + SEM

SGOT, serum glutamate oxaloacetate transaminase; SGPT, serum glutamate pyruvate transaminase; SALP, serum alkaline phosphatase; CCl,
chloroform; SEM, standard error mean
*P <0.05, **P <0.01 (significant with respect to the CCly-treated group)
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Table V. Effect of Rutin Nano-complex on the Levels of GSH, GPx, GST and GRD in CCly-Intoxicated Rats on Day 8 (n=6)

Parameters GSH GPx (nmol of GST (nmol GRD (nmol SOD CAT
(nmol/mg NADPH oxidised/ of CDNB of oxidised (U/mg protein) (U/mg protein)
protein) min/mg protein)  conjugate glutathione [GSSG]
formed/min/mg utilised/min/mg
protein) protein)
Group 1 46.23 + 4.48%* 324.47 x 6.73%* 292.71 + 5.84%* 20.27 + 2.86** 7.28 +£0.03%*  204.76 + 3.46%*
Normal
Group II 20.18 £2.59  186.32 + 4.82 156.14 + 6.69 8.39 = 1.92 4.37 = 0.02 96.57 + 2.59
CCLy treated
Group III 31.29 £ 2.21*%  240.09 + 4.36%* 210.55 + 4.28 12.45 + 0.81 493 +0.14 136.64 + 4.95%
CCLy4 + rutin (100 mg/kg)
Group IV 38.064 + 3.86%* 286.74 + 2.87** 246.92 + 3.67** 16.23 £ 1.17%* 5.36 £ 0.04%*  172.27 + 3.83%*
CCL4 + rutin (200 mg/kg)
Group V 36.57 £ 2.97*%*% 269.38 + 4.25%* 23447 + 4.96% 15.39 x 1.24%* 6.24 = 0.10%*  164.49 + 3.52%*
CCLy4 + rutin
nano-complex (eq to 100 mg/kg)
Group VI 4429 + 3.81%* 310.19 + 2.51%* 281.94 + 5.37%* 18.94 + 1.02%* 6.85 £ 0.03%*  197.44 + 2.87**

CCL4 + rutin nano

complex (eq. to 200 mg/kg)

Values are mean + SEM
GSH, glutathione; GPx, glutathione peroxidase;

CAT, catalase; CCl,, chloroform; SEM, standard error mean
*P <0.05, **P<0.01 (significant with respect to the CCly-treated group)

normal anatomy of the hepatic cellular structure by pure rutin
and the rutin nano-complexes can be imputed to the strong
antioxidant activity properties of rutin (57).

Oral Bioavailability Studies

The Concentration of Rutin in Rat Serum

There are many intrinsic factors that affect the oral
absorption of a drug and these can be studied by performing

GST, glutathione S transferase; GRD, glutathione reductase; SOD, superoxide dismutase;

in vivo studies; hence, in vivo bioavailability studies were carried
out to determine the oral absorption of the rutin nano-complex
compared to pure rutin. The mean plasma concentration-time

curves of pure rutin and the rutin nano-complex in the serum of

rats treated with pure rutin (100 mg/kg, p.o.) and the rutin nano-

complex (~ 100 mg/kg of rutin, p.o.) are depicted in Fig. 14. Pure

rutin attained 6.47 + 0.12 pg/mL. maximum serum concentration

at 4.0 h, and the rutin nano-complex showed maximum serum
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Fig. 12. Effect of rutin nano-complex on TBARS. Group I: normal, group II: CCL,
treated, group III: CCl, + rutin (100 mg/kg), group IV: CCl, + rutin (200 mg/kg), group V:
CCly + rutin nano-complex (~100 mg/kg), group VI: CCl; + rutin nano-complex (~
200 mg/kg). Values are mean = SEM (n=06). *P <0.05, **P <0.01 (significant with respect
to the CCly-treated group). TBARS, thiobarbituric acid reactive substance; CCly,
chloroform; SEM, standard error mean

concentration of 9.95+0.57 pg/mL at 6.0 h and the serum
concentration was also maintained for a longer period of time.
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Fig. 13. Photomicrographs of a normal rat liver section, b CCly-intoxicated rat liver section, ¢ pure rutin (100 mg/kg)-treated
rat liver section, d pure rutin (200 mg/kg)-treated rat liver section, e rutin nano-complex (~100 mg/kg)-treated rat liver
section and f rutin nano-complex (~ 200 mg/kg)-treated rat liver section. CCl,, chloroform; SEM, standard error mean

—a—Pure rutin (100

mg/kg)

—+—Rutin nano complex
(~100 mg/kg of rutin)

Plasma concentration (pg/mL)

0 - T T T T T 1
0 5 10 15 20 25 30
Time (h)
Fig. 14. Mean plasma concentration-time profile of rutin (100 mg/kg, p.o.) and rutin nano-complex (~ 100 mg/kg of rutin,

p.o.). Values are mean + SEM (n=6). *P <0.05, **P <0.001 and ***P <0.0001 (significant with respect to the pure rutin-
treated group). SEM, standard error mean
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Table VI. Pharmacokinetic Parameters of Pure Rutin (100 mg/kg,
p.o.) and Rutin Nano-complex (~ 100 mg/kg of Rutin, p.o.) in Rats

Pharmacokinetic parameters Pure rutin  Rutin nano-complex

Cinax (ng mL™1) 647012  9.95+0.57
Tnax (h) 4.0 6.0

AUC,, (ug mL™! h) 39.51+1.16 115.61 £4.69

AUC,_, (mL" h) 40.64+2.76 15234+ 6.48

Elimination half-life (1)) (h)  1.97+0.10  3.49+0.27

Elimination rate 0.51+0.004 0.17 £0.001
constant (K) (h™")

Clearance (Cl) (L h™") 0.56+0.002 0.14 +0.002

Volume of distribution (Vg) (L) 1.42+0.26  0.98+0.01

Values are mean + SEM (n =3)

Cnax» maximum plasma concentration; 7,,,,, time required to reach
maximum concentration; AUC, area under curve; SEM, standard
error mean

Pharmacokinetic Parameters

The pharmacokinetic parameters calculated from the
plasma concentration-time curve, using the computer soft-
ware WinNonlin®, are shown in Table VI. Cax, Tmax and
elimination half-life values were increased in the serum of
animals treated with rutin nano-complex compared to the
animals treated with pure rutin. Elimination rate constant,
clearance and volume of distribution values were decreased
in the nano-complex-treated rat serum. The rutin nano-
complex remained for an extended period of time in the
body with a high relative bioavailability of 86.23%. The
reason for the significant enhancement in the relative
bioavailability of the rutin nano-complex is due to phospho-
lipid as an essential cell membrane component retained the
fluidity of the cell membrane and also enhances the signifi-
cantly aqueous solubility of the nano-complex compared to
pure rutin. Phospholipids also increase the rate and extent of
rutin absorption into the intestinal mucosa and are possibly
the reason for the increase in relative bioavailability (58). Our
results were compatible with Freag et al., who developed the
self-assembled phospholipid-based phytosomal nanocarriers
of celastrol as promising platforms for improving oral
bioavailability (59). In the present study, the oral bioavail-
ability of rutin was enhanced, and this may be great evidence
which showcases the potentiality of this technology to
enhance the efficiency of many phytoconstituents with high
therapeutic benefits but has some lacunae regarding oral
absorption and bioavailability. The safety profile of the
formulation is an added advantage as regulatory aspects are
considered. However, further investigations in the light of in
vitro-in vivo correlation (IVIVC) and clinical trials will
facilitate their way to the market.

CONCLUSION

In this study, rutin nano-complexes were successfully
developed by the lyophilisation method. The physicochemical
characteristics of pure rutin have changed significantly after
complexing it with EPC, such as lower particle size, adequate
zeta potential and PDI, improved solubility due to the
decrease in molecular crystallinity and increased stability.

3647

The study also proved the better therapeutic effect of the
rutin nano-complex with promising oral bioavailability in rats
for prolonged time compared to pure rutin. Established
results revealed that the complexation of rutin with EPC
may be considered promising in order to boost the absorption
and oral bioavailability of rutin facilitating its clinical use as a
hepatoprotective agent.
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