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ABSTRACT

Objective: Andrographis paniculata is a well-known medicinal plant in Southeast Asia, India and China.
The plant contains andrographolide (AN), a very important phytochemical used in various health prob-
lems. However, AN is low in oral absorption bioavailability of AN due to the rapid clearance and high
protein binding capacity.

Methods: The present study was aimed to develop a nano-phytovesicular formulation of semi-purified
AN extracts from a naturally occurring phospholipid (soya phosphatidylcholine) in order to increase the
oral absorption and antihyperglycemic activity in rats.

Results: The nano-phyto vesicle of semi-purified AN extracts equivalent to 25 mg [kg AN significantly
protected the hyperglycemic condition of rats. The in vitro and in vivo experiments results proved that
the nano- phytovesicular system of plant extracts containing AN produced better oral absorption, bioavail-

soya phosphatidylcholine

ability and improved antihyperglycemic activity compared with that of free AN at dose of 50 mg/kg.

Conclusion: Hence, the prepared semi-purified extract nano-phytovesicular system is helpful in solving
the problem of rapid clearance of AN.

© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Diabetes mellitus or diabetes is a disease of pancreas. It is a
chronic disease caused by deficiency in insulin production by the
pancreas, or by the inefficacy of the insulin produced. The de-
ficiency in insulin production and inefficacy results in increased
amount of blood glucose level, which injurious for many body’s
physiological process. It may produce negative and harmful impact
on excretory system, circulatory system and nervous system. All
type Il diabetes mellitus is characterized due to the metabolic de-
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fects and causing insulin resistance. Variety of oral hypoglycemic
agents is available in market including insulin but there is an in-
creased demand of natural herbal products by the patients due
to minimum side effects (Chinsembu, 2019; Zhang et al., 2017).
Medicines from natural plant origins are widely used throughout
the world for variety of insulin deficiency complications. Never-
theless, natural plant drugs have no suitable delivery system to
achieve better bioavailability. Therefore, pharmacokinetic profile of
active constituents if enclosed in the carrier forms and novel car-
rier systems of plant extracts has more important and somehow it
is more challenging area for further research.

Andrographis paniculata (Burm. f.) Nees (Acanthaceae), a con-
ventional herb with many effective medicinal properties, has lot
of ethnobotanical evidence in India and China. It is a popular
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medicinal plant used from the ancient time. A. paniculata is also
popular as Kalmegh and widely used as an effective medicinal
plant. It has common ingredient of 40 polyherbal formulations
considered in India and used in different system of medicine in-
cluded Ayurveda and Unani (Chadha, 1985). It is also used as
a bitter tonic for the treatment of variety of hepatic disorders
(Brahmachari, 2017; Zhang, Sun & Wang, 2013).

The traditional medicinal plants of A. paniculata and its de-
rived drugs are the potential source of alternative medicine and are
tremendously used to treat various health ailments related to GIT
and digestion, vermicide, anticancer, analgesic, anti-inflammatory,
antibacterial, antityphoid, antihyperglycemic and liver impairment
(Bhan et al, 2006; Matsud et al., 1994; Murugian, Palanisamy,
Stanley & Akbarsha, 1995; Saxena et al., 2000; Sheeja, Guru-
vayoorappan & Kuttan, 2007; Verma, Sarwa & Zaman, 2013). It
is also used traditionally for treatment of fever, dysentery, dys-
pepsia, relief of general debility, cancer, general and severe in-
flammation, common cold, tonsillitis, throat infection, lungs in-
fection, and hepatic destruction (Ahmad, Ahmad, Arshad & Afzal,
2014; Bombardelli, 1994; Widyawaruyanti et al.,, 2014). An anti-
HIV activity concluded from Indonesia of the crude whole plant
extract (Otake, Mori, Morimoto, Hattori & Namba, 1995) and is
also reported on the management of respiratory tract infection
(Yu, Hung, Chen & Cheng, 2003). The main active constituent
of the leaves of A. paniculata and ethanol extract of A. panicu-
lata decreases blood sugar level in both normal and diabetic rats
(Shen, Chen & Chiou, 2002; Zhang &Tan, 2000). The medicinal val-
ues and effectives of these herbs are mainly due to diterpene lac-
ton and few other diterpenes, i.e. deoxyandrographolide and 14-
deoxy-11, 12 didehydroandrographolide present in plant claimed
by various researches. Diterpenoid lactone has many pharmacolog-
ical effects like anticancer (Gupta, Ashawat, Saraf & Saraf, 2007;
Rajagopal, Kumar, Deevi, Satyanarayana & Rajagopalan, 2003), im-
muno stimulation (Panossian et al., 200), antifertility (Akbarsha
& Murugain, 2000; Madav, Tripathi & Mishra, 1995). anti-HIV
(Calabrese et al., 2000; Maiti, Mukherjee, Gantait, Saha & Mukher-
jee, 2006), cardio protective (Maiti et al., 2006) and choleretic ac-
tivities (Puri, Saxena, Saxena & Saxena, 1993).The AN is chem-
ically 3-[2-{decahydro-6-hydroxy-5-(hydroxymethyl)-5,8a-dimethyl-
2-methylene-1-naphtha-lenyl}ethylidene]dihydro-4-hydroxy, 2(3H)-
furanone (Fig. 1).

Modern pharmacological studies indicate that phytocon-
stituents used as antihyperglycemic agent, the mechanisms by
which they exert their effects are different; They can be «-
glucosidase inhibitors, aldose reductase inhibitors and insulin
secretagogues. They can also act by enhancing glucose uptake,
increasing insulin sensitivity and inhibiting TNF-o production
by macrophages. Yu et al.,, 2003 found that AN exerted an an-
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Fig. 1. Chemical structure of andrographolide.

tihyperglycemic effects in streptozocin-induced diabetic rats.
Mechanism of AN was investigated mainly as «-glucosidase in-
hibitor (Jung et al., 2006; Suo, Zhang & Wang, 2007; Xu, Dai, Lui,
Wang & Liu, 2007).

The poor aqueous solubility, low oral bioavailability and high
elimination rate are the main drawback to use single moiety
for various pharmacological potential. Therefore, several strategies
have been tried to overcome and improve the aqueous solubil-
ity, oral absorption and sustain release of AN, such as preparation
and utilization of liposome (Suo et al., 2007), chemical modifica-
tion (Ren et al.,, 2009), particle size reduction (Qiu, Li, Li, Zhang,
& Chen, 2004) and complexation (Bothiraja, Shinde, Rajalakshmi &
Pawar, 2009aa; Xue, 2003; Zhao, Liao, Ma & Yan, 2002) were aimed
in AN loaded solid lipid nanoparticles (Bothiraja, Pawar, Shaikh &
Sher, 2009b; Parveena, Ahmada, Igbala, Samimb & Ahmad, 2014).
A novel carrier system is needed to maintain AN concentration in
blood for an extended period.

However, the problem to use AN clinically still have challenge
and had not been all solved. Suitable drug carrier systems for
increasing the oral bioavailability of the poorly water-soluble AN
remain great interest to find. There are various phyto-constituents
having poor water solubility and poor oral bioavailability like
silybin, quercetin curcumin, ellagic acid, andrograholide and narin-
genin which having various important pharmacological activity.
Researchers found that soya lecithin containing phospholipids
maintained the concentration of the poor water soluble and low
bioavailable drug in plasma for long duration and enhanced thera-
peutic efficacy. Researchers had been also reported that molecules
have poor oral absorption, such molecule exerted better therapeu-
tic efficacy if they can be converted as phospholipid complexes or
vesicular carrier systems rather than the free molecules reported
by Arien, Goigoux, Baquey and Dupuy, (1993) and Arien and
Dupuy (1997). Phospholipids plays vital role for cell membranes
and it is an important component which keep the membrane fluid
consistency.

Therefore, in the present study, we try to take the advantages of
phospholipids and semi-purified AN extract combined with phos-
pholipids to nano-phytovesicular carrier systems, which might re-
sult in increase of oral absorption, bioavailability and improvement
of the biological effect of AN. The specific characteristics of plant
purified to extract used have many active ingredients as compare
to one compound AN and these groups of active ingredients show
synergistic effect and enhance the activity of the formulation.

2. Materials and methods
2.1. Materials

The soya phosphatidylcholine (SPC) (Phospholipon 90) was
gifted from global phospholipids supplier-Lipoid (Germany). Pure
AN was received from Cayman-Genetix Biotech Asia Pvt. Ltd.
(Delhi, India). S.D. Fine Chemicals, Mumbai, India provided
methanol, ethyl acetate, sodium carboxymethyl cellulose (Na CMC),
sodium dodecylsulfate, n-hexane and n-octanol. HPLC grade sol-
vents were used for chromatographic peaks, the double distilled
water was purified by millipurified system for experiments. All
other reagents were of analytical grade.

2.2. Authentication of plant material

Andrographis paniculata plant was collected in Dibrugarh district
India and authenticated at Haarita Ayurvedic Hospital, Dibrugarh,
Assam, India. Following test were performed for authentication
of plant, where voucher specimens were deposited. Micropho-
tographs of sections and powder analysis were made by using
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Olympus Micro-scope (Model CX 41; Tokyo, Japan) with CCD cam-
era 2 mega pixel and quantitative measurements were taken using
Olympus Image-Pro-Plus, version 5.1 software. Fine hand sections
of lamina, petiole, stem and root, and epidermal peels were taken
using standard procedures and were stained with Aqueous safranin
1% and mounted in glycerin. Fluorescence analysis of the powder
was carried out in UV light (256 nm & 366 nm) using Camang UV
apparatus. The descriptive terms of the anatomical various plant
parts are supplemented with micrographs wherever necessary and
magnifications are indicated by the scale-bars in the figures. The
number of epidermal cells, stomatal number, and stomatal index
was calculated per square millimeter of leaf area from intercostal
areas of fresh leaves and vein islet number and vein termination
1 g of A. paniculata powder with 20 mL of ethanol was boiled in
a water bath for 5 min. A toal of 300 mg of activated charcoal
was added, stirred and then filtered. The filtrate was used for the
following two tests: Test (1): The first test involved 2 drops of
a 2% (w/v) solution of 3,5-dinitrobenzoic acid in ethanol and 2
drops of a 5.7% (w/v) solution of potassium hydroxide in ethanol
being added to 0.5 mL of filtrate. A colour change to a purplish
red indicated that the sample had active compounds. Test (2):
The second test involved 3 — 5 drops of the 5.7% (w/v) solution
of potassium hydroxide in ethanol being added to 0.5 mL of
filtrate until a red colour appeared. The filtrate was set aside for
10 to 15 min. The red colour changed to yellow. These two tests
indicate that the sample contained diterpene lactones as active
constituents.

Confirmatory test: To confirm that above obtained diterpene lac-
tones obtained from A. paniculata is AN, the above filtrate was
evaporated under reduced pressure until fully dried. About 5 mg of
filtrate powder was dissolved in 5 mL of warm ethanol and 1 mg
of standard AN was dissolved in 0.5 mL of warm ethanol sepa-
rately. A pre coated plate of silica gel 60 F254 aluminum sheets
(10 x 10 cm) was used and the mobile phase used was chloro-
form: methanol: ethyl acetate (8:1.5:1). Five micro liters was used
for each spot. TLC of the isolated samples was firstly detected by
UV radiation (Electronic UV Trans illuminator, Quantum Scientific)
and then confirmed by spraying with 2% (w/v) solution of 3,5-
dinitrobenzoic acid in ethanol and an excess of 5.7% (w/v) of potas-
sium hydroxide in ethanol. Results completely match with stan-
dard AN which clearly indicates that the obtained diterpene lac-
tones was AN.

2.3. Extraction of plant

2.3.1. Solid-liquid extraction

Method of extraction for AN includes extraction of the leaf
powder by cold maceration. In the first set of experiments, the ex-
traction was performed using different solvents. The suitable sol-
vent which gives higher AN enrichment in the extracted phase was
selected for further experiments. The leaves were ground to a pow-
der (80 mesh size) and extracted at reflux temperature for 3 h. The
extraction of AN from the ground powder was carried by mixing
powder and solvent using Sox-let extraction technique. The pow-
der to the different solvent ratio (w/v) used for all the studies. The
solvent was removed and the process was repeated for one more
time to remove the final traces of AN from the ground powder of
leaves. The extracts were then combined and concentrated by re-
covering the solvent using Buchi rotavapour. The obtained brown-
ish enriched extract of AN was used for further studies.

The airy parts of A. paniculata were collected from Guwahati,
Assam in Aug-Sep 2010. The dried plant parts were successively
extracted from different solvent such as petroleum ether, ethyl ac-
etate and methanol. Methanol extracts was kept at (25 + 2) °C
for 3 d and following filtration; Methanol extract was vaporized
in a low pressure to get sticky mass (Nugroho et al.,, 2012). The

obtained semi-purified AN extract was kept in deep freezers at
—30 °C for 24 h and vacuum dry at 40 psi in lyophilizer for 12 h.
The dried semi-purified AN extract was kept in airtight container
for analysis of various physicochemical parameters DSC, FTIR, TLC,
HPLC and preparation of formulation.

2.4. Identification and quantification of AN in semi-purified extract

2.4.1. Percentage yield of methanolic extract

The effect of different solvents such as petroleum ether, ethyl
acetate and methanol was studied. The yields (%) of A. panicu-
lata with different solvents were investigated. Methanol extraction
gives higher yield compared to other solvents. Different solvent ex-
traction using methanol, petroleum ether, ethyl acetate was all per-
formed. HPLC chromatograms of the extracts, where represented as
main andrograopholide. As for the extracts, the purity of the prod-
uct is the prime characteristic and quality factor. It would be easy
to judge extraction methods if the target compound to be enriched
was single and well-defined. In comparison to non-polar solvents,
polar solvents could extract AN at higher yield except water, where
hydrolysis and thermal degradation might occur. Methanol was
found to be the best solvent for the extraction of AN (Mishra &
Gaikar, 2006; Wongkittipong, Prat, Damronglerd & Gourdon, 2004).

2.4.2. Determination of solubility

The solubility of AN extract in methanol was measured at dif-
ferent temperatures. The excess quantity of AN was added to the
10 mL of solvent. Subsequently, the liquid-solid suspension was
constantly agitated at 120 rpm at 30 °C for 2 h in REMI Shaker
to achieve uniform mixing. The clear solution was then removed
using syringe filter and dried in the vacuum oven at 50 °C. The
obtained solids were weighed and the solubility was reported as
mg of AN per mL of solvent. The same procedure was repeated at
different temperatures in order to get solubility curve.

The solubility remarkably increases from 15 °C to 65 °C, almost
by a factor of two. Before 45 °C and post 65 °C, the change in
the solubility is small as compared to 15—65 °C temperature range.
Moreover, the solubility profile represents an equilibrium relation-
ship in crystallization processes. Equilibrium is reached when the
solution is saturated and the equilibrium relationship indicates the
significant crystallization point, where maximum recovery of crys-
tallized product was obtained.

Solvent extract was subjected to thin layer chromatography
(TLC) as per standard one dimensional ascending method. The
methanol AN extract yielded maximum spots in TLC, followed by
ethyl acetate and petroleum ether extracts respectively. All of these
TLC profiles may serve as characteristic fingerprint of AN extract.
These data would therefore be suitable for monitoring the iden-
tity and purity of the plant material and for detecting adulterations
and substitutions.

2.4.3. Determination of Amax

The semi-purified extract from A. paniculata containing AN and
pure AN was separately dissolved in methanol, scanned in UV-vis
Spectrophotometer (Shimadzu, UV-1800 Shimadzu Tokyo, Japan)
using methanol as blank.

2.4.4. Determination of active compound by TLC

Thin layer chromatography of semi-purified plant extracts and
pure AN was performed by using solvent system (7:1 ratio of chlo-
roform and methanol). Sulphuric acid 4%—20% in methanol was
used as detecting reagent. The Rf value of pure AN was calculated
and compared with semi-purified AN extract (Mukherjee, 2002).
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::?tl:rilal design selected variable ranges of nano-phyto vesicles formulation.
Variables Levels
-1 0 1
Factors (Independent variables) X1: Conc. of SPC (mg) 100 200 300
X5: Vol. of ethanol (mL) 1 2 3

Response (dependent variables) Y;: Particle size
Y,: Entrapment efficiency (%)
Y3: Zeta potential

350 < Y1 < 500 nm
80 < Y2 < 100%
-25 < Y3 < -35mV

Note: X1 and X2 is independent variables which affects the desirable responses (dependent

variables) of Y1, Y2 and Y3.

2.4.5. Determination of AN by HPLC analysis

An HPLC instrument (Agilent Technologies Model-1260 infinity
series, California) was used for the chromatographic separation us-
ing Zorbax Eclipse Cig RP column (150 x 4.6 mm; 5 pum, Agilent
Technologies, California) at room temperature. Isocratic elution was
carried out with mobile phase methanol and water (60: 40) at a
flow rate 1 mL/min. Wavelength (A) of UV detector was fixed at
225 nm.

AN (10 mg) was dissolved in 10 mL of methanol to make stock
solution No.1. To make appropriate dilution of 0.5, 1.0, 1.5, 2.0 and
2.5 mlL, solutions was taken from stock solution No.1 and diluted it
up to 10 mL to receive concentration of 0.050, 0.100, 0.150, 0.200,
0.250 and 3.00 mg/mL respectively. Each 20 ul standard solution
was introduced into the HPLC sample loop via a port on the injec-
tion valve and chromatogram was obtained. A calibration curve of
standard AN was made to get peak area and retention time.

The stock solution treated as test sample solution of semi-
purified AN extract was prepared in 10 mL of methanol by dissolv-
ing 10 mg semi-purified extract in it. The sample was sonicating
up for 5 min to achieve complete dissolution, the solution allowed
to equilibrate at room temperature. A total of 20 ul from the above
samples was injected in six replicates. Relative standard deviation
(RSD) values were calculated.

2.5. Formulation of nano-phytovesicular system

Preparation of nano-phytovesicular system (containing AN) was
done according to the liquid dispersion technique with slight mod-
ification. The nano-phytovesicular system was composed of 1%-
3% SPC (Phospholipon 90), 10%-30% ethanol, and 1% semi-purified
AN extract of A. paniculata and water up to 100% as described by
Sarwa, Mazumder, Rudrapal & Verma (2013). SPC and semi-purified
AN extract was dissolved in ethanol then slowly added double dis-
tilled water in a fine streamlet with persistent merging at 700 rpm
with a magnetic stirrer, (Remi India) in a well -closed container
fabricated for preparation (fabricated in laboratory). Merging was
continued for an extra 10-15 min. The system was kept at 30 °C
throughout the preparation and then it was kept to cool down at
room temperature. Finally, the obtained nano-phytovesicular sys-
tem was kept in a closed container until estimation. A similar
method was used for blank vesicular preparation without semi-
purified extract.

2.6. Optimization of nano-phytovesicular formulation

Nano-phytovesicular system was otpimized using a 32 full
factorial experimental design in order to evaluate the effect of
formulation variables and experimental conditions using the
Design-Expert 8 software (Stat-Ease, Inc., Minneapolis, MN). In
experimental design, two factors were evaluated each at three
levels and experimental trials with all nine possible combinations.
The concentration of soya phasphatidylcholine (SPC) (X;) and
the volume of ethanol (X,) were used as independent variables

(Table 1). The vesicle droplet size (Y;), percentage entrapment
efficiency (Y,) and zeta potential (Y;) were stipulated as the
dependent variables. An one-way analysis of variance (ANOVA)
tests was executed to assess the level of significance of the tested
factors of the selected responses (Sarwa, Das & Mazumder, 2014).

2.7. Characterization of nano-phytovesicular system

2.7.1. Vesicles morphology by TEM

Nano-phyto vesicles were visualized using a TEM (Hitachi, H-
7500, Japan), with an accelerated voltage of 100 KV. One drop of
each sample was placed on a microscopic carbon-coated copper
grid to leave a thin film on the grids. Then, the film was negatively
stained with 1% aqueous solution to phosphotungstic acid by plac-
ing a drop of the staining solution to the film and the excess of
the solution was drained off with blotting filter paper. After dry-
ing, the specimen was viewed under the TEM at a 10-100 K fold
enlargement (Sarwa et al., 2014).

2.7.2. Vesicles shape (morphology) by SEM

For scanning electron microscopy (SEM), one drop of nano-
phyto vesicles system was mounted on a stub covered with clean
glass. The drop was spread out on the glass homogeneously. A Jeol
sputter coater (JEOL, Japan) was used to sputter-coat the samples
of gold and the coated sample was examined under an SEM (JSM
6100, JEOL, Japan) at an accelerating voltage of 20 KV (Sarwa et al.,
2014).

2.7.3. Vesicles size distribution by dynamic light scattering (DLS)

Size and size distribution of nano-phyto vesicles were deter-
mined by Brookhaven particle size analyzer with 90 plus parti-
cle sizing software Ver. 5.72 (Brookhaven Instrument Corp.) and
Malvern zetasizer inspection system (MAL, 500962, Malvern, UK)
without prior sonication. All measurement was done at 70 °C and
at an angle of 90° between laser and detector. Before measur-
ing, the samples were diluted appropriately with distilled water to
prevent multiple scattering. The measurements were conducted in
triplicate, in a multimodal mode at a medium count rate.

2.7.4. Zeta potential measurement

Zeta potential for the nano-phytovesicular preparations was de-
termined by DLS using a computerized inspection system Malvern
zetasizer (MAL, 5200962, Malvern, UK). Aliquots from preparation
batches was sampled in disposable zeta cells distilled water was
used as diluents for all samples and Zeta potentials were deter-
mined based on electrophoretic mobility under applied electrical
field.

2.7.5. Entrapment efficiency

The amount of AN present in semi-purified extracts entrapped
in nano-phytovesicular system of various formulations was deter-
mined by ultracentrifugation to separate the uninterrupted aliquot.
The vesicular system was stored overnight at 4 °C in a deep freezer
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(Remi, India) and then poured into 15 mL polycarbonate eppen-
dorf tubes. The centrifugation procedure was carried out at 4 °C
using centrifuge (Remi, India) equipped with a fixed angle rota-
tor. The centrifugation speed was maintained at 1 5000 rpm for
2 h. The supernatant was removed and AN concentration before
and after vesicular formulation was determined in HPLC analysis
(Roy et al., 2010) in each case of calculation of entrapment effi-
ciency (Sarwa et al., 2014). The entrapment efficiency (EE) (%) was
calculated using following equitation:

EE = Qt — Qs/Qt x 100

Where EE is the entrapment efficiency, Qt is the amount of AN
originally taken and Qs is the amount of AN detected in the super-
natant.

2.7.6. Differential scanning calorimetry studies

Differential scanning calorimetry (DSC) analysis of nano-
phytovesicular system was performed using a Perkin Elmer DSC
instrument (Perkin Elmer Jade, USA). The transition temperature
(Tm) was measured in aluminum crucibles of a heating rate
10 °C/min with 20 mL/min nitrogen gas flows within a temperature
range of 40 to 300 °C. Sample weight around (10 £+ 5) mg and tem-
perature modulation amplitude from 0.01 to +10 °C the peak tran-
sition onset temperatures of soya phosphatidylcholine, pure AN,
semi-purified extract contain AN and nano-phytovesicular formu-
lation were determined and compared.

2.7.7. Drug vesicle interaction study by FTIR

Lipid vesicle and semi-purified extract contain AN interactions
were confirmed by fourier transform infrared (FTIR) study. The
FTIR spectra of nano-phytovesicular system were recorded in the
range of wave number 4000 to 400 cm~! using Bruker automatic
FTIR instrument (Bruke, Alfa-FTIR). The data stacked in under the
Bruker instrument to compare and search for any chemical inter-
actions.

2.8. In vitro absorption study

The modified drug absorption method was used in place of
in vitro drug release study. In vitro method was used with slight
modification to get large absorption profile of the formulation
(Jain, Khurana, Pounikar, Gajbhiye & Kharya, 2013). In vitro exper-
iment, two small parts (3 cm in length) of goat intestine were iso-
lated, performed washing and cleaning to free from its unwanted
intestinal contents. The intestine was averted and one corner of
the intestine was tied tightly and another end was fitted with
thread then it was kept in phosphate buffer saline (PBS) solution
(pH=7.4). The free pure AN and nano-phytovesicular formulation
(F-9) equimolar solutions containing AN were obtained by dissolv-
ing 4 mg of drug AN, and equivalent quantity of formulation (F-9)
in 50 mL phosphate buffer saline were placed into six separate
flask respectively. Ringer’s solution (2.0 mL of mammalian) was
injected into intestinal pieces then mixture were submerged indi-
vidually in flasks containing free drug AN and nano-phytovesicular
solutions. These flasks were stirred continuously at 37 °C for 2 h.
The serosal fluid of each intestinal piece was withdrawn after
the specified time period and assayed by HPLC for drug content
by measuring concentration of drug absorbed. The cumulative
absorption of AN was recorded and compared absorption of drug
in free AN solution and nano-phytovesicular formulation.

2.9. In vivo antihyperglycemic activity study
2.9.1. Animals

Experimental male Albino Wistar rats weighing (200 + 50)
g was used in present experiment, under controlled temperature

(24 £ 2) °C, 45%—50% relative humidity with natural day-night cy-
cles (12: 12 h light and dark). All the animals were healthy and
allowed to free access food and water given ad libitum. Prior ap-
proval was received from the IAEC (1576 /GO/a/11/CPCSEA), De-
partment of Pharmaceutical Sciences, Dibrugarh University, Assam
for this animal study protocol.

2.9.2. Acute toxicity

As per OECD (Organization for Economic Cooperation and
Development) No. 425 guidelines, oral toxicity was performed.
Experimental animals were provided pure AN and optimize nano-
phytovesicular formulation (F-9) for next 3 h and animals were
under observation for mortality and any other behavioral changes.
Further next 48 h, animals were kept under observation for any
mortality. Acute oral toxicity of prepared formulation of female
Albino Wistar rat was determined as per reported method (OECD
425).

2.9.3. Oral glucose tolerance test (OGTT) of formulation

Overnight fasted normal animals were taken for OGTT study.
Gum acacia solution (2%) and glibenclamide (GBL) 5 mg/kg were
administered in six divided groups of rats. Pure AN (50 mg/kg),
nano-phytovesicular formulation at a dose identical to 25 mg/kg
AN and 50 mg/kg SPC, respectively. Body weight (2 g [kg) was
faded when samples administered after half an hour. Sample
blood was withdrawn by puncturing retro-orbital sinus at half an
hour interval up to 120 min of sample administration. The blood
sugar levels were evaluated by glucose oxidase-peroxidase reagent
(Chattopadhyay, 1999).

2.9.4. Dosing and experimental procedures

Diabetes was induced by using diabetogenic agent strepto-
zotocin (STZ). A solution of STZ (60 mg/kg body weight) was
prepared in cooled citrate buffer in a pH of 4. 5. Prepared solution
was introduced in intra peritoneal route with dose of 60 mg/kg
body weight. Due to initial hypoglycemic induced by STZ, a 5%
glucose solution was administered orally for 24 h to prevent
mortality. After 48 h of SZT injection, a blood samples was drawn
by retro-orbital sinus puncture. Blood glucose levels were tested in
fasting condition and it exhibited in ranges of 300 to 320 mg/dL,
which was suitable for study; glibenclamide (GLB) 5 mg/kg body
weight was used as a reference drug (Babu, Gangadevi & Subra-
monium, 2003; Chattopadhyay, 1993). Initial toxicity study was
planned and developed to demonstrate the adequate safe dose
range of the AN, that could be used for subsequent experiment
on the basis of previous study a fixed doses of AN was selected
(Maiti, Mukherjee, Murugan, Saha & Mukherjee, 2010).

2.9.5. Protocol of experimental group

In present experiment rats were divided into six groups based
on their normal plasma sugar levels and body mass. Group I was
designated as vehicle control where normal rats received 0.5 mL
of Tween 80 (5%), group II as diabetic control where diabetic
rats given vehicle only. Group III was designated as standard drug
group where diabetic rats were given GLB 5 mg/kg as oral hypo-
glycemic agent. Similarly group IV as treat group where diabetic
rats received 50 mg/kg pure AN orally. Group V as treated group
where diabetic rats were given nanophyto vesicle formulation and
Group VI- as treated group where rats were given 50 mg/kg phos-
pholipid with vehicle. Dose of AN in nanophyto formulation was
equivalent to AN 25 mg/kg. The dose of drug was decided by avail-
able preliminary toxicity study.

2.10. Evaluation of antihyperglycemic activity

2.10.1. Bodyweight developments
Bodyweight of each animal was measured Weakley up to 21 d.
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2.10.2. Biochemical estimation

After the estimation of blood sugar level, at the end of 21 d, the
animals were sacrificed. Serum was separated out to determine the
levels of serum triglyceride (TG), High density lipid (HDL) choles-
terol, low density lipid cholesterol (LDL) cholesterol, total choles-
terol (TC), blood urea nitrogen (BUN), insulin and creatinine levels
using SPAN Diagnostics kit.

2.10.3. Histopathological studies

Pancreas and liver tissues were collected after sacrificing the
rats by cervical dislocation and washed it in normal saline, fixed
by using fixative for 24 h, and dehydrated with alcohol. Af-
ter that cleaned it and embedded by using xylene and paraffin
(m.p. = 58-60 °C). The tissues were stained by basic dye haema-
toxylin and the acid dye eosin to identify the nucleus and cyto-
plasm was used (Humanson, 1962; Jung et al., 2012).

2.11. Tissue distribution study

To assess the applicability of the work, the validated method
was used to analyze different tissue samples after oral admin-
istration of A. paniculata extract at 133.33mg/kg/d and AN at
100mg/kg/d for four weeks. In vivo tissue distribution stud-
ies with AN was carried out in male Wister rats. The con-
trol group contained eight rats and treated with vehicle (0.5%
w/v sodium-carboxymethyl cellulose solution in water containing
0.025% Tween 80) only. Forty-eight animals were divided into two
groups (A and B) with 24 rats in each group. Furthermore, 24
rats of both the groups were divided into three sub-groups (A-],
A-1I and A-Ill, n=8; B-I, B-Il and B-Ill, n=8) for three different
time points, e.g., 1, 3 and 8 h, respectively. All animals of group A
and B were administered AN and A. paniculata extract at 100 and
133.33 mg/kg/d for four weeks, respectively. The rats (150-200g)
were maintained for 28 d on 18% casein-containing semisynthetic
diet with free access to food and water. On the 28th day, rats of all
the groups and sub-groups were anaesthetized at predetermined
time points (1, 3 and 8h) and blood samples were collected by
cardiac puncture. The animals were then sacrificed by cervical de-
capitation to collect different tissue samples. About 150 L of the
collected blood was centrifuged at 3500 rpm for 10 min at 10 °C for
plasma and around 100pL of the whole blood was stored for bio-
analysis to determine the blood to plasma ratio. All tissues were
rinsed immediately after collection with ice-cold saline and then
stored at —80 °C.

In separate pharmacokinetic studies (n=4), aminoguanidine
(AG) was administered orally at 30 mg/kg to determine the phar-
macokinetic parameters. Approximately 100 L of blood was col-
lected with EDTA-K3 via retro orbital plexus at each time point (0,
0.17, 0.5, 1, 2, 3, 6, 8 and 10 h). The blood sample was centrifuged at
3500rpm for 5min at 15 °C to harvest plasma, which was stored
at —20 °C until bioanalysis.

2.12. Statistical analysis

Obtained data were indicated as mean =+ standard error of
mean (SEM). For the antihyperglycemic activity, statistical analysis
studies was carried out by one-way analysis of variance (ANOVA)
followed by Dunnett’s Multiple test for comparison using Graph
Pad Prism 5 (Graph-Pad Software, Inc., La Jolla, CA, USA). P val-
ues < 0.05 were considered significant according to method given
in reference (Humanson, 1962; Jung et al., 2012).

3. Results
3.1. Identification and determination of AN in semi-purified extract

3.1.1. Determination of Amax

The semi-purified extract from Andrographis paniculata contains
AN and pure standard AN methanol solutions were scanned in UV-
vis-Spectrophotometer the Amax initiate to be 222 nm.

3.1.2. Determination of active compound by TLC

Thin layer chromatography (TLC) of semi-purified A. paniculata
extract and pure AN was performed by using solvent system (chlo-
roform:methanol = 7:1). The Rf value of pure AN was obtained and
compared with semi-purified plant extract containing AN. The Rf
value of the semi-purified compound was 0.61 and standard AN
was 0.65, the TLC analysis was suggested that the extract having
presence of AN.

3.1.3. Determination of AN by HPLC analysis

The semi-purified extract from plant A. paniculata containing
AN was detected by HPLC analysis with explored RSD values of
0.373% in six replicates. Peak area in HPLC chromatogram and re-
tention time was identified by comparison of sample solutions
with the standard AN (Fig. 2). A linear plot was obtained and peak
area (y) versus concentration (x) graph for AN was first prepared
y = 36601x+335.9, R2=0.989. Peak area in HPLC chromatogram
and retention time (3.054 min) was used to detect AN concentra-
tion, purity of each peak was checked, and determined the concen-
tration of AN present in semi-purified extracts. The HPLC analysis
confirms that semi-purified extracts to contain AN 25.05 mg/gm
semi-purified extract from plant A. paniculata.

3.2. Optimization of nano-phytovesicular formulation

Factorial design was selected to achieve proper planning and
optimization of experimental series. In present experimental study,
32 factorial designs through Design-Expert8 software were used.
The objective of optimization of pharmaceutical formulations is to
determine the different levels of variables from which a strong
product with high efficacy may be produced. Nano-phytovesicular
formulations were optimized for the responses Y1 (PS), Y2 (EE),
and Y3 (Zeta potential). The aim was to minimize particle size (PS)
and poly despersity index (PDI) and maximize zeta potential and
entrapment efficiency (EE). Therefore, for an optimized formulation
facilitated for oral delivery of low absorption drug like AN, a re-
duced particle size, PDI, higher EE and good physical stability were
prerequisites in order to improve the intestinal 10 absorption and
oral bioavailability (Basalious, El-Sebaie & El-Gazayerly, 2011, 2010;
Quinten et al., 2009). In experiment independent variables and
the measured responses were shown in Table 2. Table 2 showed
nine experimental runs (F1-F9) to accommodate two factors of
three levels. The optimize formulation (F-9) constituents was se-
lected based on dependent variables responses average particle
size, EE% and Zeta-potential (de Lima, Araujo, Quinaia, Miglior-
ine & Garcia, 2011). The predicted R? values were in a reason-
able agreement with the adjusted R? in all responses and ade-
quate precision and significant factor was shown in Table 3. The
composition predicted and observed responses to the optimized
formulation of nano-phytovesicles were presented in Table 4. The
optimized nano-phytovesicular formulation (F-9) was composed
of 100 mg semi-purifies AN extract, SPC 300 mg and 3 mL
ethanol.

Results showed that the observed values of the optimized for-
mulation were highly similar to the predicted values. On the ba-
sis of these results, it can be concluded that optimized nano-
phytovesicular formulation provides a promising formulation of
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Fig. 2. HPLC chromatogram of standard AN (A) and semi-purified AN (B).

Table 2

Experimental runs, independent variables and measured responses of 32 full factorial experimental design.

Codes SPC/mg  Ethanol/mL  Particle size/nm  Entrapment efficiency/%  Polydispersity index  Zeta potential/mV
F-1 100 2 402.0 + 2.90 84 0.235 + 0.015 -275
F-2 200 2 398.1 + 2.04 82 0.245 + 0.018 —28.8
F-3 300 2 405.2 + 3.80 83 0.255 + 0.015 -30.2
F-4 100 1 412.8 £ 5.70 82 0.253 + 0.015 -26.5
F-5 200 1 422.0 + 4.50 83 0.260 + 0.240 -28.2
F-6 300 1 423.8 £ 1.80 86 0.336 + 0.011 -284
F-7 100 3 398.0 + 2.30 79 0.247 + 0.029 -29.1
F-8 200 3 389.8 + 11.00 75 0.251 + 0.015 -31.5
F-9 300 3 395.5 + 5.80 79 0.238 + 0.008 -323

Note: F1 to F9 is formulation code prepared with different amount of formulation additives and its effects over response particle

size, entrapment efficiency, polydispersity index and zeta potential.

Table 3
Output data of the 32 factorial analysis of all nano-phyto vesicular formulation.
Responses  R? R? Adjusted R? Adequate  Significant
Predicted precision factors
PS 0.854 0.806 0.658 9.582 B
EE% 0.643 0.524 0.227 5.358 B
zpP 0.937 0.917 0.862 18.90 A&B

Note: The value of the R? indicates the precision in reproduction of the results and
between predicted and actual response value in actual laboratory conditions.

Table 4
Composition of optimized formulation (F9) and its response on various physical pa-
rameters.

Variables Repponses Predicted values Observed values
SPC Conc. Particle size 394.58 nm 395.50 nm
Ethanol Volume Entrapment efficiency 78.94% 79.00%

Zeta potential —32.10 mV -32.30 mV

semi-purified plant extract containing AN therefore it was selected
for further investigations.

3.3. Characterization of nano-phytovesicular system

3.3.1. Vesicles shape (morphology) by SEM and TEM

Vesicles shape micrographs of the nano-phytovesicular formu-
lation by SEM was shown in Fig. 3A. The micrographs showed that
the vesicles were clearly separated with spherical shape. The mor-
phology and individual vesicles size of the optimized formulation
was also observed under transmission electron microscopy (TEM)
to get the internal matrix of vesicles. The TEM of the optimized
formulation explored unilamellar vesicles in nano size range of
with globular shapes. Fig. 3B clearly indicates that the size range

of the vesicles observed in the micrographs was in accordance with
the data obtained by particle size analysis.

3.3.2. Vesiclessize distribution by DLS

Vesicle size and size distribution of nano-phytovesicles formu-
lation containing AN were in nano size range (389.8 + 11.00) to
(422.0 + 4.50) nm. The optimized nano-phytovesicles formula-
tion (F-9) determined average vesicle size of (395.5 + 5.80) nm
(Table 2).

3.3.3. Zeta potential measurement

This study is useful as it provides information about the sur-
face charge of the vesicular system. The Zeta potential plays a
crucial role in determining the stability of the prepared formula-
tion. Malvern zetasizer was used to determine surface charge of
the nano-phytovesicles formulation. The optimize formulation (F-
9) having Zeta potential of —32.3 mV stabilized the vesicles sepa-
rately for long time (Table 2).

3.3.4. Entrapment efficiency

All EE estimations were carried out in a reverse phase HPLC
system. The EE plays important role in drug delivery and ab-
sorption. The higher drug entrapment shows the better drug de-
livery and higher absorption. In present experiment the nano-
phytovesicualr systems having the less particle size with high EE
(79%) of AN were clearly shown in the optimize formulation (F-9)
(Table 2).

3.3.5. DSC studies

DSC was used to investigate the nature of the drug (crystalline
or amorphous) in a prepared formulations and find out possibil-
ities of interactions with other mixed ingredients. Fig. 4A, C and
E showed the DSC thermograms of semi-purified AN extract, SPC,
and optimized nano-phytovesicular preparations commonly. The
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Fig. 3. SEM (A) and TEM (B) micrographs of nano-phyto vesicular optimized formulation.

DSC scan of large amount of SPC explored two broad endothermic
peaks which were characteristics of amorphous substances at
16743 °C, and 165.24 °C showed the lipid movements in hot
condition can change gel to crystalline state. The prepared nano
phytovesicular system consisted of SPC lipid, while semi-purified
extracts was present in the lipid bilayer. In the DSC, thermo-
gram a sharp peak of a maximum at 126.89 °C appeared in the
semi-purified AN extract (Fig. 4A), but no other endothermic
or exothermic peaks were observed. In formulation, (Fig. 4C) a
depression of the melting point of plant extracts containing AN
and SPC from 126.89 °C and three new peaks with maxima at
113.59 °C, 139.12 °C and 153.69 °C respectively appeared in the
nano-phytovesicular formulation. At the same time, the melting
enthalpy values of AN and SPC showed drastic depression from
175.25 ]J/g and 57.70 J/g to 164.79 and 1.219 ] /g, respectively,
compared to their bulk materials (Hou, Xie, Huang, & Zhu, 2003).
The overall interactions of SPC and semi-purified AN extract
nano-phytovesicular formulation were concluded by elimination
of endothermic peak (s), appearance of new peak (s), change into
peak shapes and its onset, peak temperature/melting point and
relative peak area or melting enthalpy shown in Fig. 4E.

3.3.6. Drug vesicle interaction (FTIR) study

FTIR is a fast and novel technique which gives suitable chem-
ical data onto peak combination and supportive subtraction. To
examine the drug-excipient interactions the FTIR analysis was
performed before formulation development. Drug-excipient inter-
action studies plays vital role during preformulation study. It have
explored much information about the stability of formulations
and drug availability patterns (Mukherjee, Mahapatra, Das & Patra,
2005). The medium infrared range consists 4000-400 cm~! is an
very useful area of analysis, providing qualitative information on
functional groups as well as offering the opportunity for quantita-
tive analysis (Hakuli, Kytokivi, Lakomaa & Krause, 1995). FTIR spec-
trometric analysis of soy lecithin showed peak at 3570 cm~! and
3313cm~!, which denoted the presence of N-H and O-H stretching
of amino group and hydroxyl group respectively. Another band of
2943-2831 cm! indicated the presence of C-H group of alkane.
Band of 1448.21 cm~! presented the ester linkage. Another band
at 1571.82 cm~! was found due to aliphatic alkane. Band at 1245
cm~! indicated presence of P=0 (phosphomoyl) group.

Fig. 4B, D and F showed the FTIR spectrum of semi-purified AN
extract, SPC, and nano-phytovesicles formulation. FTIR spectrum
of nano-phyto vesicles formulation showed the minor shifting of
some peaks compared to semi-purified extract and SPC excipient,
like aliphatic alcoholic O-H stretches (3396.13-3281.23 cm~1!), phe-
nolic C-O stretch (1326.028- 1418.07 cm~!), and C-O stretch of
ether (1043.33-1085.27 cm~!) (Zhao & Feng, 2005). The FTIR spec-
tra of semi-purified extract (AN) phyto-SPC vesicular formulation

was found to be significantly different from SPC and semi-purified
AN extract that support the reaction of -OH group of semi-purified
AN at choline part of SPC, which indicated the formation of phyto-
lipid vesicular system.

3.4. In vitro absorption study

In in vitro absorption, study showed higher absorption of semi-
purified AN extract from nano-phytovesicles than plain AN solu-
tion. The enhanced absorption and maximum cumulative release
of AN from the nano-phytovesicular formulation recorded at differ-
ent time intervals as compared to the AN alone clearly indicated in
Fig. 5.

3.5. In vivo antihyperglycemic activity study

3.5.1. Acute toxicity

The rats mortality was not recorded at the dose of pure AN
500 mg/kg yet. Hence, based on previous studies and tenth parts
of tested dose, i.e. 50 mg [kg body weight was selected for the
study. The nano-phytovesicular formulation containing AN a dose
of 25 mg/kg was selected for the study.

3.5.2. Developments in bodyweight

The alteration of blood glucose level impacts on body weight
in STZ-induced hyperglycemic rats was found significant (P <
0.01) when compared it to control group from day 1, 7, 14 and
21 d (Table 5). Regular daily application of pure AN and nano-
phytovesicular formulation supplement at 25 mg/kg body weight
to diabetic group animal gave significantly improved body weight.
Mostly increase to body weight detected with nano-phyto formu-
lation and in standard drug GBL at 5 mg/kg body weight dosing
group, no significance changes were observed as compared to dia-
betic group.

3.5.3. Oral glucose tolerance test

Glucose level in a blood was decreased in both pure AN and
AN extract loaded nanophyto vesicle formulation, the extent of ef-
fect was differ in different time interval reported in Table 6. The
nanophyto vesicle formulation loaded with AN showed significant
effect than pure AN (P < 0.01).

3.5.4. Variations in blood glucose level

During fasting glucose on the STZ-induced hyperglycemic rats
in consecutive days of experiment starting from day 1, 7, 14
and 21, the rats showed significant (P < 0.01) increase as com-
pared to the base values. Oral use of standard drug GLB 5 mg/kg,
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Fig. 4. DSC thermogram (A—E) and FTIR spectrum (B—F) of semi-purified AN extract, SPC and nano-phyto vesicular formulation, respectively.

Table 5

Effects of nano-phyto vesicular formulation (F9) on body weight changes in rats (mean+ SEM, n = 6).
Animal groups 1 days 7 days 14 days 21 days
G-I Vehicle control 1933 +3.29 212.8 + 3.18## 231.0 + 2.06## 239.3 + 1.54##
G-II STZ diabetic control 1933 + 3.16 186.3 + 1.89** 163.6 + 2.61** 148.6 + 2.52**
G-III Std. drug (GLB) 191.16 + 2.52 197.3 £ 1.35%# 199.1 + 3.34*## 192.6 + 2.23*##
G-IV Pure-AN (50 mg/kg) 189.0 +3.40 1935 + 2.81* 192.6 + 223" ## 174.6 + 215" #4#
G-V Nano-phyto vesicle (25 mg/kg)  189.83 + 3.21 198.5 + 2.46" ##0  195.0 £+ 2.89" " ##um  190.8 £ 3.75" ##on
G-VI SPC (50 mg/kg) 191.5 + 247 188.3 + 2.60** 165.0 + 2.47* 156.0 + 2.47**

* P < 0.05 **P < 0.01 vs vehicle control group I.

# P < 0.05 #P < 0.01 vs STZ diabetic control group II.
“ P < 0.05 ™ P <0.01 compared in between group VI and group IV. Data analyzed by one-way analysis of variance (ANOVA)

followed by Dunnett’s Multiple test for comparison.
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Table 6
Effect of nano-phyto vesicular formulation (F9) on blood glucose level (mg/dL) of rats tested by OGTT (mean+ SEM, n = 6).

Animal groups 0 min 30 min 60 min 90 min 120 min

G-I Vehicle Control 76.6 +£ 1.70  166.0 + 4.73# 138.5 + 1.83##  124.3 £ 1.83##  112.5 + 2.55##

G-II Std. Drug (GLB) 79.6 + 2.51 151.5 + 3.27* 127.6 + 2.63"* 105.3 + 1.92** 87.66 + 2.06""

G-III Pure -AN (50 mg/kg) 84.8 +£7.07 145.6 + 217" 137.33 + 3.79# 123.5 £ 3.09##  105.0 + 3.75"##

G-IV Nano-phyto vesicle (25 mg/kg)  76.6 £ 238 1363 + 1.94""#  127.8 + 2.68"" 110.0 + 2.74** 89.5 + 2.65"

G-V SPC (50 mg/kg) 76.1 £ 232 149.6 + 3.37** 140.3 + 2.01##  124.0 £ 2.50##  114.6 + 2.72##

* P < 0.05 **P < 0.01 vs vehicle group I.

# P < 0.05 #*#P < 0.01 vs standard drug (GLB) group Il Data analyzed by one-way analysis of variance (ANOVA) followed by Dunnett’s

Multiple test for comparison.

Table 7
Effect of nano-phyto vesicular formulation (F9) over Blood glucose level (mg/dl) of STZ-induced diabetic rats (mean+ SEM,
n =6).
Animal groups 1 days 7 days 14 days 21 days
G-I Vehicle Control 78.6 £ 3.07## 77.3 £ 2.41## 76.6 £+ 2.36## 71.3 £+ 2.61##
G-II STZ Diabetic Control 309.5 + 2.77** 297.8 £ 291+ 311.3 + 3.08""## 283.3 + 4.46"
G-I1I Std. Drug (GLB) 311.3 + 2.81** 230.8 + 3.63* " ## 128.5 + 3.56" ## 86.0 + 4.69"##
G-IV Pure- AN (50 mg/kg) 313.0 + 3.10"* 237.1 £ 2.96" " ## 168.5 £ 4.00** ## 102.0 £+ 4.01 *##
G-V Nano-phyto vesicle (25 mg/kg)  309.1 £ 3.19**c  217.0 + 2.68""##0  131.1 £ 3.53""##0  87.3 + 3.32"##n
G-VI SPC (50 mg/kg) 316.8 + 4.46** 303.5 + 3.75** 287.8 + 3.49 " ## 281.5 + 3.47

* P < 0.05 **P < 0.01 vs vehicle group L.
# P < 0.05 #P < 0.01 vs STZ diabetic control group II.

® P < 0.05 ™P < 0.01 compared in between group VI and group IV. Data analyzed by one-way analysis of variance (ANOVA)

followed by Dunnett’s Multiple test for comparison.
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Fig. 5. Cumulative absorption versus time graph of pure AN and nano-phyto-
vesicular formulation containing semi-purified AN.

pure AN 50 mg/kg and nano-phytovesicular formulation equivalent
25 mg/kg AN amount formed remarkable (P < 0.01) decrease in
blood glucose mainly nano-phytovesicular formulation on consec-
utive experimental days as related to control of vehicle as well as
diabetic control group. Group V nano-phytovesicular formulation
treated rats showed significant reduction in blood glucose levels
when compared with group IV pure AN treated rat (Table 7).

3.5.5. Variations in biomarkers

LDL-cholesterol, total cholesterol (TC) and TG showed elevation
in STZ-induced hyperglycemic rats serum content, whereas HDL-
cholesterol was significantly (P < 0.01) decreased as compared
to the control of vehicle group. Everyday oral dealing of standard
drug GLB 5 mg/kg and nano-phytovesicular formulation equivalent
to AN 25 mg/kg body weight dose presented important (P<0.01)
decrease of LDL, TC and TG and instantaneously rise the HDL
levels as comparing to the control of diabetic group. Group V
nano-phytovesicular formulation treated rats showed significant
changes in HDL, LDL, TC and TG levels when compared with

group IV pure AN treated rats (Table 8). The blood urea nitrogen
and creatinine level higher although the insulin level in STZ-
induced hyperglycemic rats fell as compared to control group. On
treatment of nano-phytovesicular formulation, significantly (P <
0.01) restore the renal function marker levels as compared to con-
trol of vehicle as well as control of diabetic group. Group V nano-
phytovesicular formulation treated rats showed significant changes
in renal functional marker blood urea nitrogen, creatinine and
insulin levels when compared with group IV pure AN treated rats
(Table 9).

3.6. Histopathological study

On treatment of nano-phytovesicular formulation (F-9) showed
dramatic restore of abnormal histological changes in STZ-induced
hyperglycemic rats like degeneration and necrosis of the islets in
the pancreas, reduction in numbers, size, vacuolation and atrophy
of pancreatic islets as well as its connective tissue incursion in the
parenchyma and compare with other treated groups (Fig. 6). The
cytoplasm of peri-acinar hepatocytes showed either a single large
or multiple small round empty vacuoles that distended the cell cy-
toplasm 15 and displaced the nucleus to the periphery in histolog-
ical sections of liver stained with haematoxylin and eosin. These
degenerative changes were also seen, to a lesser extent, in the mid-
zonal regions. Parenchymatous degeneration was observed in the
peripheral regions. Dissociation of hepatocytes and sinusoidal di-
latation occurred due to these changes (Fig. 7).

Pharmacokinetic studies showed that AN gets quickly absorbed
and extensively metabolised in rat and human (Panossian et al.,
2000), isolated ten sulfonated AN metabolites from rat urine, feces
and the content of the small intestine after the drug was orally
administered to rat (He et al., 2003a, 2003b). Among them, one
metabolite, 14-deoxy-12(R)-sulfo AN, was found to be identical to
an injectable anti-inflammatory drug (Lianbizhi) currently in the
clinical use in China (Cui, Qiu, Wang & Yao, 2004; Meng, 1981)
identified 12 new AN metabolites in human urine after oral
administration, three of which were characterized as 3-O-sulfate
conjugates, one as a 3-O-sulfate-12-S-cysteine conjugate and the
remaining eight as 19-0-8-D-glucuronide (Cui et al., 2004 Cui, Qiu
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Table 8

Effect of nano-phyto vesicular formulation (F9) over serum lipid profile in STZ-induced diabetic rats (mean+ SEM, n = 6).
Animal groups HDL/(mg-dL1) LDL/(mg-dL"1) Total cholesterol/(mg-dL~")  TG/(mgedL~')
G-I Vehicle Control 37.33 + 2.41## 38.67 + 3.55## 81.00 + 3.18## 75.50 + 3.50##
G-II STZ Diabetic Control 16.50 + 1.70** 90.83 + 2.42** 164.80 + 3.28** 161.50 + 3.46*
G-III Std. Drug (GLB) 29.50 + 1.78"## 39.33 + 3.15## 99.83 + 3.71## 78.33 + 3.53"##
G-IV Pure- AN (50 mg/kg) 26.83 + 1.62*"## 53.83 & 3.95%## 122.30 + 5.20## 84.50 + 4.95" ##
G-V Nano-phyto vesicle (25 mg/kg)  30.83 + 2.92##u 38.33 & 3.40 ##oo 92,17 £ 4.54 ##oo 74.67 + 4.55##0
G-VI SPC (50 mg/kg) 17.83 £ 1.57** 76.00 + 4.52""# 153.70 + 5.38"* 147.70 £ 3.25**

* P < 0.05 **P < 0.01 vs vehicle group L.

#* P < 0.05 #*#P < 0.01 vs STZ diabetic control group IL

" P < 0.05™ P < 0.01 compared in between group VI and group IV. Data analyzed by one-way analysis of variance (ANOVA) followed
by Dunnett’s Multiple test for comparison.

Table 9
Effect of nano-phyto vesicular formulation (F9) over Serum biochemical parameters in STZ-induced diabetic rats
(mean+ SEM, n = 6).

Animal groups BUN/(mg-dL1) Insulin/(ngsmL~!)  Creatinine/(mgedL~')
G-I Vehicle Control 30.44 + 0.54#+# 0.53 + 0.022## 0.48 + 0.014##

G-II STZ Diabetic Control 204.50 + 1.36"* 0.26 + 0.016** 4.22 + 0.148**

G-III Std. Drug (GLB) 121.70 £ 117 ## 0.46 + 0.026## 2.38 £ 0.151"##
G-IV Pure- AN (50 mg/kg) 151.20 + 2.61**## 0.34 + 0.018**# 3.52 + 0.178**##
G-V Nano-phyto vesicle (25 mg/kg) 123.60 & 2.66" ##c  0.43 &+ 0.020"##c 2,95 £ 0.076**##oo
G-VI SPC (50 mg/kg) 184.00 £ 3307 ## 028 + 0.026" 411 + 0157

* P < 0.05 **P < 0.01 vs vehicle group 1.

#* P < 0.05 #P < 0.01 vs STZ diabetic control group IL.

7 P < 0.05 P < 0.01 compared in between group VI and group IV. Data analyzed by one-way analysis of
variance (ANOVA) followed by Dunnett’'s Multiple test for comparison.
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Fig. 6. Histological examinations of 21 d experimental rat pancreas. Note: A: Pan-
creatic sections of normal rat showing cells with well-preserved cytoplasm and nu-

cleus; B: STZ induced toxic rats pancreatic sections, the cells were irregular, not Fig. 7. Liver histopathological examinations of 21 d experimental rats. Note: A: ve-
well defined and defect in cell membrane. Necrosis of the cells was very clear; C: hicles control, the rats showing normal histological sections, well arranged cells and
Standard drug GLB treated group; D: Free pure AN treated group; E: Nano-phyto clear central veins. B: STZ-induced diabetic controlled rat group; C: Standard drug
vesicular formulation treated rats restored the altered histopathological changes; F: GLB treated group (all figures were in 10 x magnification); D: Free pure AN treated
SPC treated group. group; E: nano-phyto vesicular formulation treated rats restored near to normal rats

liver histology; F: SPC treated rat group.
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& Yao, 2005). Cui et al. also demonstrated that AN was extensively
metabolized through variety of pathways to form a large number
of metabolites in humans. The pathways include oxidation, hydrol-
ysis, isomerization, glucuronidation, sulfation and the conjugation
of urea, cysteine, creatinine and hydrazine (Cui et al., 2005).
Zhao et al. studied comparative in-vitro metabolic profiles of AN
using pooled human (HLMs), dog (DLMs) and rat (RLMs) liver
microsomes. Eight phase I (M1-1 to M1-8) and five phase II (M2-1
to M2-5) metabolites resulted from dehydration, deoxygenation,
hydrogenation and glucuronidation were identified by accurate
mass measurement and MS/MS fragmentation RSC Advances
(Zhao et al., 2002).

4. Discussion

Results elaborated about semi-purified AN extract as nano-
phytovesicular carrier for enhancing oral absorption and hypo-
glycemic activity with adequate extent of data and evidence.
Herbal drugs contain various compounds and the efficacy of these
herbal drugs mainly depends on the major active ingredient de-
livering an effective level to the target site or in blood plasma for
long time. AN is a well-known chemical constituent of A. panicu-
lataused in Indian traditional schemes as well as China for dealing
number of disorders. Although it's well-known hepatoprotective
and antihyperglycemic action, AN takes limited bioavailability.
Though it is poor oral absorption, its quick clearance drops its
elimination half-life, enhances the plasma protein binding of AN
and reduces its bioavailability (Bombardelli, 1994; Maiti et al.,
2006; Rajagopal et al., 2003; Sharma, Gupta & Dixit, 2010).

These problems necessitate developing some novel herbal
dosage form as in conservative form that may manage the AN
concentration in blood for a long time period. The lipid vesi-
cles system contains phospholipids play a major role in drug
delivery technology as carrier system due to their property to
improve oral absorption of plant constituents of complex forma-
tion (Yanyu, Yunmei, Zhipeng & Qinenq, 2006; Yu et al., 2003).
The semi-purified AN extract from plant were characterized and
identified by UV-vis-Spectrophotometer, TLC, FTIR, DSC, and HPLC
analysis, the concentration of AN in the semi-purified extract
determined through HPLC analysis was found to be 25.054 mg/gm
of semi-purified extract. In the present study, an attempt was
made to formulate a novel dosage form of semi-purified AN
extract from A. paniculata to overcome these shortcomings. Nano-
phytovesicular formulation containing semi-purified AN extract
was made by a simple and reproducible technique. The formu-
lation of nano-phytovesicular system was optimized with the
help of independent and dependent variables responses used
in formulation process using the Design Expert 8 software. The
optimized formulation (F-9) having the high drug entrapment as
well as the minimum vesicle size of optimal stability which is
the basic requirement of the vesicular carrier system. The physical
characterization showed vesicular system having nano sized range
with high drug EE and good stability (Yu et al., 2003).

The nano-phytovesicular system produced antihyperglycemic
activity for a long period of time and normalized at adverse
situations of rat pancreas and liver additional competently as
compare to drug free condition. The outcomes reveals that nano-
phytovesicular system of the semi-purified extract is equivalent
to 25 mg/kg AN has better effect than produced to 50 mg/kg
free AN, the better effect is due to the long term retention of the
formulation containing AN. The nano-phyto vesicles having pro-
tective effect on the hyperglycemias may be due to AN containing
vesicular formulation of semi-purified extract from plant combined
with SPC and form complex thus sustained the release property.
Complexation shows important role in nourishing AN relief from
the nano-phyto vesicles, which is marked from the experimental

outcomes. Therefore, the developed sustained release design can
be useful in lower the quantity and frequency of ordered dosage.

The in vitro drug absorption of nano-phyto vesicles through in-
testine was compared with plain AN. The averted intestine sac
method was used to study has an advantage over the conventional
dissolution study with correlation between absorption technique.
Comparatively small amount of serosal fluid can measure large
changes. In averted intestine sac method, the epithelial cells of the
mucosal surface exposed directly to the oxygenated mucosal fluid
(Barthe, Woodley, Kenworthy & Houin, 1998). The mucosal fluid
absorbing drug from the serosal fluid through the intestine epithe-
lial cells at various time intervals was observed, which showed sig-
nificantly higher level of AN from the nano-phyto vesicles when
compared with equimolar doses of plain AN solution. Due to the
amphiphilic nature of the nano vesicles, water and lipid solubility
as well as the oral absorption of the AN has greatly enhanced.

In vivo antihyperglycemic study showed that the nano-
phytovesicles of semi-purified AN extract was the most effective
against all the treated groups in terms of lowering the blood
glucose level and enhancing in body weight. There was being
increased in total cholesterol, triglycerides and LDL cholesterol as-
sociated with decrease in HDL cholesterol in diabetic control group
animals. On treatment of nano-phytovesicular formulation, the to-
tal cholesterol, triglycerides and LDL cholesterol was reduced in 21
d treatment as well as the HDL cholesterol level was significantly
increased. Simultaneously, the increased blood urea nitrogen levels
and serum creatinine increase in diabetic control group animals
that are significant marker of renal insufficiency associated to
coronary artery disease was found to be reduced on treatment.
Insulin deficiency in B-cells was increased on treatment from
nano-phytovesicles containing AN and improved on pancreatic
exocrine activities may be due to enhance level of secretion of
insulin from remaining residual B-cells of islets or because of en-
hancing passage of blood glucose to peripheral (Shen et al., 2002).

The histopathological studies of pancreas and liver indicate that
nano-phytovesicle treated groups able to improve the cytoprotec-
tive action of extract. The photomicrograph reports displayed that
the insulin production from S-cells is situated in central regions
of pancreatic islets, and reserve of these histomorphological varia-
tions to maintain the normal construction of producer cells of in-
sulin via AN nano-phytovesicular formulation create to shield from
the STZ- induced damage of above cells.

Study shows the AN’s absolute oral bioavailability indicated that
this compound has very poor oral bioavailability (only 2.67%). Bio-
logical stability study indicated that AN was rapidly metabolized in
the duodenum and jejunum, forming a sulfate that is hydrophilic
and likely to be impermeable. Mechanistic disposition studies indi-
cated that poor absorption was not the reason for its poor bioavail-
ability at low dose, although it may contribute to its poor bioavail-
ability at high dose because absorption from terminal ileum and
colon was much slower. The poor absorption from terminal ileum
and colon was due to the presence of efflux transporter(s) that can
be overcome by a combination of P-gp and Bcrp inhibitors. Taken
together, the rapid sulfation of AP is likely the main cause of AP’s
low bioavailability, whereas efflux at the terminal ileum and colon
contributes to AP’s low bioavailability at high doses.

5. Conclusion

The present work concludes that novel herbal formulation im-
proves pharmaceutical properties, antihyperglycemic activity and
enhances the efficacy of herbal drugs. The semi- purified AN ex-
tract from A. paniculata plants was converted in to novel nano-
phytovesicles delivery system and increased antihyperglycemic ac-
tivity. Enhancement of activity and reduction of dosage due to in-
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creased oral absorption and longtime retention of semi-purified AN
extract in blood plasma.
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