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Abstract

Membrane-moderated  transdermal
systems of Simvastatin liposomes were
prepared by incorporating the drug reservoir
within a shallow compartment moulded from a
drug-impermeable backing membrane and
2% wlv cellulose acetate rate-controlling
membrane. The pharmacodynamic and
pharmacokinetic performance of Simvastatin
following transdermal administration was
compared with that of oral administration. This
study was carried out in a randomized cross-
over design in male New Zealand albino
rabbits. The estimation of Simvastatinin
plasma was carried out by LC-MS/MS
method. The parameters such as maximum
plasma concentration (C max), time for peak
plasma concentration (t max), mean
residence time (MRT) and area under curve
(AUC 0 - =) were significantly (P< 0.001)
differed following transdermal administration
compared to oral administration. The relative
bioavailability of Simvastatin was increased
about nine  fold after  transdermal
administration as compared to oral delivery.
This may be due to the avoidance of first pass
effect of Simvastatin. The concentration of
Simvastatin in plasma was found to be
stabilized and maintained in a narrow range
over the study period up to 24 hrs for
transdermal formulation where as the
concentration was decreased rapidly up on
oral administration. It was concluded that the
relative rate of extensive first pass
metabolism was significantly reduced in
transdermal administration, resulted in
increased relative bioavailability and reduced
frequency of administration.

Keywords: Simvastatin, Liposomes, Transdermal
Systems, LC-MS/MS, In vivo Studies.

Introduction

The transdermal route of drug delivery
has gained great interest of pharmaceutical
research, as it circumvents number of
problems associated with oral route of drug
administration. The barrier nature of skin
inhibits the penetration of most drugs. The use
of lipid vesicles as delivery system for skin
treatment has gained attention in recent
years(1). Liposomes are microscopic or
submicroscopic particles and are concentric
bilayered vesicles in which an aqueous volume
is entirely enclosed by a membranous lipid
bilayer mainly composed of natural or synthetic

phospholipids.Liposomes are  microscopic
vesicles that contain amphipathic
phospholipids arranged in one or more

concentric bilayers enclosing an equal number
of aqueous compartments. The thermo-
dynamically stable, lamellar structures form
spontaneously when a lipid is brought into
contact with an aqueous phase(2).

The aim of the present study was to
develop and evaluate the potential use of
liposome vesicles in the transdermal drug
delivery for delivery of Simvastatin .Simvastatin
is an effective drug in the treatment of
hyperlipidemic patients, simvastatin is a
methylated derivative of lovastatin that acts by
competitively inhibiting 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-COA)
reductase, the enzyme that catalyzes the rate
limiting step in cholesterol biosynthesis.
Administration of conventional tablets of
simvastatin has been reported to exhibit
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fluctuations in plasma drug levels, results
either in manifestation of side effects or
reduction in drug concentration at the receptor
sites also is a cholesterol-lowering agent and
is structurally similar to the HMG, a
substituent of the endogenous substrate of
HMG-CoA reductase. Simvastatin lowers
hepatic cholesterol synthesis by competitively
inhibiting HMG-CoA reductase, the enzyme
that catalyzes the rate-limiting step in the
cholesterol biosynthesis pathway via the
mevalonic acid pathway(3). Due to short
biological half life (5.3 hours) and low
bioavailability (5%) due to extensive first pass
metabolism makes it suitable candidate for
transdermal drug delivery system. An in vivo
evaluation study was conducted to ascertain
pharmacokinetic parameters in rabbits after
oral and transdermal administration of of
simvastatin in rabbits.

Materials and Methods

The in vivo study of the optimized
formulations were performed as per the
guidelines approved by the Committee for the
Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Ministry

of social Justice and Empowerment,
Government of India. Prior approval by
Institutional animals ethics committee was

obtained for conduction of experiments (Ref:
IAEC/IX/10/ACOP/ CPCSEA, Dated 21-12-19).

Preparation of Liposomes by Thin
Film Hydration Technique: Liposomes were
prepared by rotary evaporation-sonication
method. “The lipid mixture (500mg) consist of
phospholipid (Soya Lecithin), edge activator
(Tween 80) and drug (10 mg/ml) in different
ratios was dissolved in an organic solvent
mixture consist of chloroform and methanol
(2:1, v/v) then placed in a clean, dry round
bottom flask. The organic solvent was
carefully evaporated by rotary evaporation
(Buchi rotavapor R-3000, Switzerland) under
reduced pressure above the lipid transition
temperature(at 600c for 1 hr) to form a lipid
film on the wall of the flask. The final traces of
the solvents were removed by subjecting the
flask to vacuum over night. The dried thin lipid

film deposited on the wall of the flask was
hydrated with a phosphate buffer solution (pH
6.4) by rotation for 1hr at room temperature at
60 rpm. The resulting vesicles were swollen for
2 hrs at room temperature to getlarge
multilamellar vesicles. To prepare small
Liposome vesicles, the resulting vesicles were
sonicated at 100 kHz, 80 Amp for 30 minutes
at pulse on 30sec and pulse off 50 sec using a
probe sonicator (OrchidScientifics, Nasik).The
obtained suspension was passed through a
series of 0.45u and0.22u polycarbonate filters
and then stored at 4°C(4).

Preparation of Rate Controlling
Membrane: Solvent evaporation technique
was employed in the present work for the
preparation of Cellulose acetate films. The
polymer solutions were prepared by dissolving
the polymer (2% w/w Cellulose acetate) in 50
ml of Ethyl acetate Methanol (8:2). Dibutyl
phthalate at a concentration of 40% w/w of the
polymer was used as a plasticizer. 20 ml of the
polymer solution was poured in a Petri plate
(9.4 cm diameter) placed on a horizontal flat
surface. The rate of evaporation was controlled
by inverting a funnel over the Petriplate. After
24 hours the dried films were taken out and
stored in a desiccators(5).

Preparation of Liposomes Loaded
Gels: Accurately weighed quantity of 500 mg
of Hydroxy propyl methyl cellulose was
dispersed in 5 ml of distilled water and was
allowed for swelling over night. The swollen
carbopol was stirred for 60 minutes at 800 rpm.
The previously prepared required Simvastatin
equivalent Liposomes, methylparaben and
propylparaben were incorporated into the
polymer dispersion with stirring at 500 rpm by a
magnetic stirrer for 1 hour. The pHof above
mixture was adjusted to 7.4 with tri
ethanolamine (0.5%). The gel was transferred
in to a measuring cylinder and the volume was
made up to 10ml with distilled water(6).

Design of Membrane Moderated
Transdermal Therapeutic System: A circular
silicon rubber ring with an internal diameter of
2.5 cm and a thickness of 3mm was fixed on to
a backing membrane (an imperforated

Comparative In Vivo Evaluation of Simvastatin
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adhesive strip was supplied by Johnson and
Johnson Limited ,Mumbai). This serves as a
compartment for drug reservoir. Gel
equivalent to 40 mg of Simvastatin was taken
into the compartment as a drug reservoir.
Cellulose acetate membrane of known
thickness was fixed onthe ring with glue to
form a membrane moderated therapeutic
systems. A double sided adhesive strip was
fixed on the rim of the ring above Cellulose
acetate membrane(7).

In Vivo Evaluation

Subject Selection: Twelve New
Zealand healthy rabbits with a mean age of
10+£2 weeks and with a mean body weight of
3+0.2 kg were used in this study. Each group
consisted of six rabbits (n=6) each and were
subjected for overnight fasting, it was taken
care that there was no stress on the animals.
Rabbits were randomly divided into two
groups for different sampling time and each
group was housed in one cage. Food and
water were available ad libitum at all times
during the experiment. The study was
conducted in a crossover design with 2 weeks
washout periods in between the two
experiments. The animal dose of Simvastatin
was calculated relevant to human dose by
using the following formula(8).

Human dose of Simvastatin = 40 mg.
. Human DozexAnimal Weight
Animal dose = =

40x3/70=1.71 mg /kg

Blood Sampling: About 1 ml of blood
samples were collected from the tracheal
lobular vein of the rabbit using and the blood
was stored in screw top heparinized plastic
tubes, the sampling time for blood was done at
0 min (predose), 1, 2, 4, 6, 8, 10, 12, 14, 16, 18,
20 and 24 hr. The plasma was immediately
separated by aspiration after centrifugation at
4000 rpm for 5 minutes and frozen at -20°C until
analysed by LC-MS/MS method(9).

Determination of Pharmacokinetic
Parameters: Various pharmacokinetic
parameters such as peak plasma

Human Weight

concentration (Cna), time at which peak
occurred (Ta), area under the curve (AUC),
elimination rate constant (K), biological half-
life (t,,) and mean residence time (MRT) were
calculated using the noncompartmental
pharmacokinetics data analysis software PK
Solutions 2.0™(Summit Research Services,
Montrose, CO, USA) (10).

Statistical Analysis of the
Pharmacokinetic Parameters: The
pharmacokinetic parameters of the tested
formulations were statistically analyzed using
paired sample’s t-test for normal distributed
results of C..x, Ka, Ko, MRT and AUC,, values.
All tests were performed at 0.001 level of
significance(10).

Estimation of Simvastatin in Rabbit Plasma:

LC-MS/MS Method: A summary of the
chromatographic and mass spectrometric
conditions is as follows:

UPLC: WATERS

Mass spectrometer: APl 2000
lon source: Heated nebulizer
Polarity: Negative

Detection ions

Simvastatin: 240.2 * amu (parent), 196.0* amu
(product), d3-Simvastatin: 244.2* amu (parent),
200.2 amu (product)

Column: Phenomenax,synergi 4 y Polar- RP80
A, 4.6Xx75 mm

Column oven temperature: 35°C

Peltier temperature: 10°C

Mobile phase: Ammonium formate: Acetonitrile
(30:70)

Flow rate: 1 ml/min.

Volume of injection: 10 yL

Retention time: Simvastatin - 0.5 to 1.20
minutes: ISTD - 0.5 to 1.20 minutes

Run time: 2.00 minutes
Preparation of Working Standard Solutions:

1. Preparation of Simvastatin
Standard Stock Solution: Simvastatin
working standard equivalent to 5 mg

Comparative In Vivo Evaluation of Simvastatin
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Simvastatin was accurately weighed and
transferred into a 5 ml volumetric flask and
dissolved in methanol. The solution was made
up to the volume with methanol. The
concentration of resulting solution was
calculated by considering the purity of
Simvastatin. The solutions were labeled and
stored in a cold store at 2-8°C.

2. Preparation of Internal Standard
Stock  Solution: 0.005 g of d3-
Simvastatinwas weighed accurately and
transferred in to a 5 ml volumetric flask and
dissolved in methanol. The solution was made
up to the volume with methanol. The
concentration of resulting solution was
calculated by considering the purity of
Simvastatin—d4. The solutions were labeled

and stored in a cold store at 2-8°C. Stock
solution was diluted with 60% Acetonitrile
in water solution to get a concentration of
75.00 pg/ml.

Calibration Curve Standards:

1. Preparation of Stock Dilutions of
Standard Simvastatin  Solution:  Stock
solution of Simvastatin was diluted with
60% Acetonitrile in water solution to get
a concentrations ranging from 1 to 140 pg/ml
(Figure 1).

2. Spiking of Plasma for Calibration
Curve  Standards: Concentrations  of
Simvastatin ranging from 50 to 7000 ng/ml
were prepared with plasma and labeled them
as CC1 to CC8 in (Table 1). The calibration

5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
o}

Analyte Area/ISArea

(o] 500 1000

Analyte Conc/1S Conc

1500 2000 2500

Fig 1. Calibration Curve for Estimation of Simvastatin in Plasma

Table 1: Analyte Concentrations of Stock Dilutions of Standard Simvastatin Solution with Plasma

Sample Analyte. Analyte IS Peak Area Calculate.d Accuracy
S No Concentration . Concentration
Name peak area Area Ratio (%)
(ng/mi) (ng/ml)

1 Plasma 0 0 0 0 N/A N/A

Blank
2 Blank+ISTD 0 254 513643 0 N/A N/A
3 CC1 50.05 3879 528938 0.01 50.407 100.71
4 CC2 100.15 6997 506198 0.01 97.939 97.79
5 CC3 250.300 17284 484351 0.04 258.119 103.12
6 CC4 500.650 34646 504084 0.07 500.215 99.91
7 CC5 1001.250 77371 577631 0.13 978.007 97.68
8 CC6 2002.500 134349 520675 0.26 1887.085 94.24
9 CcCc7 5006.250 345626 529110 0.65 4782.401 95.53
10 CCs8 7008.750 578109 544120 1.06 7780.670 111.01

Comparative In Vivo Evaluation of Simvastatin
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curve standards were prepared freshly for
each validation run.

Extraction Procedure:

Step 1: Blank, calibration curve
standards and the subject samples were
withdrawn from the deep freezer and allowed
them to thaw. The thawed samples were
vortexed to ensure complete mixing of
contents. To 0.25 ml of plasma sample in a
ria vial, 25 ul of d3-Simvastatin standard
(75 pg/ml) was added. To plasma blank, 25 ul
of 60% Acetonitrile in water solution was
added and vortexed the samples to ensure
complete mixing of contents.

Step 2: Add 2.5 ml of tertitary butyl
methyl ether, place on a shaker for 15
minutes and centrifuge for 10 minutes at 4000
rom at 20°C. Transfer supernatant (organic
layer) into the another rial vial. Evaporate this
layer under a stream of nitrogen at 45°C. The
residue was reconstituted with

Intensily, cps

0.5 ml of mobile phase and vortexed. The
samples were transferred in to auto-injector
vials and loaded the vials in to auto sampler.
10 ul of sample was injected in to LC-MS/MS
system.

Data Processing: The chromatograms
were obtained by using the computer-based
Analyst 1.4.2 version software supplied by
the Applied Biosystems, Canada. The
concentrations of the unknown samples
were calculated from the equation using

regression analysis  of sgiked plasma
calibration standard with 1/x® as weighting
factor. y = mx + ¢ Where, y = Ratio of

Simvastatin peak area and ISTD peak area
(analyte area / ISTD area); x = Concentration
of Simvastatin; m = Slope of the calibration
curve; ¢ = y-axis intercept value. Linear
regression analysis equation of stock dilutions
of standard Simvastatin solution with plasma
is, y = 0.000136x + 0.000454.

02 04 0s 08

10 12 14 18 18

RN 1 (| | E—

Sample Name . Plasma blank Simvastatin Mass(es) 240.2/196.0amu
Concentration - 0.000 ng/mi Calculated conc N/A ng/ml
Proc. Algorithm . Analyst classic Bunching factor 2

Noise Threshold : 10.00 Area Threshold - 100.00
Num Smooths =10 Sep Width 020

Sep. Height - 0.01 Exp. Peak Ratio 5.00

Exp. Adj Ratio - 4.00 Exp. Val Ratio 3.00

RT Window - 30.0 Expected RT 2.00

Use Relative RT . False Int. Type No Peak
Retention Time . 0.00 Area 0

Height 2l ) Area Ratio 0.000
Start Time - 0.00 End Time 0.00

Fig. 2. Chromatograms of Blank Plasma

Comparative In Vivo Evaluation of Simvastatin
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Results and Discussion

The in vivo experiments were
conducted as per the protocol and procedure
described earlier. The ability of core in cup
tablet as a drug delivery system to release
drugs in a predetermined time release manner
was investigated in rabbits after oral
administrations was investigated. Bioanalytical
methods employed for the quantitative
determination of drugs and their metabolites in
biological matrix (plasma, urine, saliva, serum
etc) play a significant role in evaluation and
interpretation of pharmacokinetic data. For the
successful conduct of pharmacokinetic study,
the development of selective and sensitive
bioanalytical methods plays an important role
for the quantitative evaluation of drugs and their
metabolites  (analytes). The LC-MS/MS
methods were highly sensitive and suitable for
the detection of drug in plasma even in low
concentrations. Various pharmacokinetic
parameters such as peak plasma concentration
(Cimax), time at which peak occurred (T;), area
under the curve (AUC), elimination rate constant
o

=
=)

nlenSdy.,

]

0z YT e

(Ke)), biological halflife (t,,) and mean residence
time (MRT) were calculated using the
noncompartmental pharmacokinetics data
analysis software PK Solutions 2.0™(Summit
Research Services, Montrose, CO, USA).

The pharmacokinetic parameters of the
tested formulations were statistically analyzed
using paired sample’s t-test for normal distributed
results of Crax, Ka, Ko, MRT and AUCy, values.
All tests were performed at 0.001 level of
significance.

Calibration curves were constructed
from blank sample (plasma sample processed
without IS), blank+IS samples and eight point
calibration standards for Simvastatin in plasma.
Plasma concentrations of Simvastatin at
different times were calculated. Pharmacokinetic
parameters such as absorption rate constant,
elimination rate constant, half life, AUC, and
MRT were calculated from the plot of time
versus plasma concentration and subjected to
statistical analysis and the results were shown
in (Table 2).

Fig. 3. Chromatogram of Stock Solution of Standard Simvastatin Solution with Plasma

Sample Name

L

. Plasma blank+ISTD

Mass(es)

. 240.2/196.0amu

Concentration : 0.000 ng/ml Calculated conc - N/A ng/mi
Proc Algorithm - Analyst classic Bunching factor 2

Noise Threshold - 10.00 Area Threshold - 100.00
Num Smooths 10 Sep Width - 0.20
Sep. Height - 0.0 Exp. Peak Ratio - 5.00
Exp. Adj Ratio - 4.00 Exp. Val Ratio - 3.00

RT Window . 300 Expected RT - 200
Use Relative RT . False Int. Type - No Peak
Retention Time - 0.00 Area =0
Height 20 Area Ratio - 000
Start Time - 0.00 End Time - 0.00

Comparative In Vivo Evaluation of Simvastatin
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Fig. 4. Plasma Concentration-Time Curve of Fig. 5. Plasma Concentration-Time Curve of
Simvastatin Following Oral Administration of Simvastatin Following Topical Administration
Oral Suspension of Optimized Transdermal Formulation

Table 2: Statistical Treatment of Pharmacokinetic Parameters (Mean + S.D.) of Following Oral
Administration of Oral Suspension and Optimized Transdermal Formulation of Simvastatin

Optimized
Pharmacokinetic Parameter Oral Suspension Transdermal Calculated Value of ‘t’

Formulation

Cmax (ng/ml) 23.4+0.31 28.6 + 0.41 16.70***

Tmax (h) 3+0.13 12+ 0.08 21.36**

MRT (h) 5.1 +0.05 24.3+0.15 25.50%**

t12 (h) 2.62+ 0.03 12.52 £ 0.013 7.75"

Kei (W) 0.26 £ 0.04 0.055 + 0.007 3.87%*

Ka (h™) 1.14 + 0.01 0.33 +0.02 12.67**

AUCo.- (ng h/ml) 105.9+ 1.56 958.0.+£3.07 156.60***

Null hypothesis (Ho): There is no significant difference between the pharmacokinetic parameters of oral
administration of oral suspension and optimized transdermal formulations of Simvastatin.

Table value of ‘t’ with 10 DF at the 0.001 level is 4.587.

Result: H, is not accepted as the calculated ‘t" value more than the table Value of't’ with 10 DF at 0.001
levels of significance. It was therefore concluded that there was significant difference between the

pharmacokinetic parameters of oral administration of oral suspension and optimized transdermal
formulations of Simvastatin.

Values are presented in Mean + SD

Comparative In Vivo Evaluation of Simvastatin




Current Trends in Biotechnology and Pharmacy

Vol. 16 (Supplementry Issue 2) 1 - 8, April 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.35.56

Plasma Concentration of Simvastatin following
oral and transdermal administration in rabbits at
different times were calculated. The results from
the oral administration of Simvastatin indicated
the maximum plasma concentration (Cpax) 23.4
+ 0.31 ng/ml at 3 hrs (tna) while transdermal
administration exhibited the maximum plasma
concentration (Cyax) of 28.6 + 0.41 ng/ml at 12
hrs (tnax). The oral administration of Simvastatin
resulted in a low and quite variable AUC of
105.9+ 1.56 ng.hr/ml, where as the transdermal
resulted in AUC of 958.0 + 3.07 ng.hr/ml. The
mean residence time of transdermal
administration (24.3+ 0.15 hrs) was found to be
more than oral administration (5.1 £ 0.05 hrs).
The results indicated that the parameters
significantly  differed following transdermal
administration, compared to oral administration.
The concentration of selected drugs in plasma
was found to be stabilized and maintained in a
narrow range over the study period up to 24 hrs
for transdermal formulation where as the
concentration was decreased rapidly up on oral
administration.  The ~ maximum plasma
concentration (C,,»x) Was attained at 3 hrs after
oral administration and it was observed after
12 h upon application of transdermal formulation
of same dose.

The in vivo pharmacokinetic studies
revealed that the transdermal formulations of
Simvastatin exhibited controlled release and
absorption kinetics over longer periods of time
which in turn maintained the desired plasma
concentrations over longer periods of time.
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Abstract

Herbs are rich source of secondary
metabolites that have been found to have
medicinal properties. The present study was
conducted to evaluate the phytochemical and
heavy metal analysis whole plant of Erygium
foetidium Linn. The obtained results revealed
that Petroleum ether and Chloroform extract
contains less phytochemical constituents
when compared with, Ethyl acetate and
Ethanolic extracts in maximum quantity. The
Heavy metals anlaysis for powder were
determined by atomic absorption
spectroscopy method (AAS). The results
showed doesn’t contains high toxic levels of
heavy metals; (Arsenic-0.022 mg/L; below the
detectable level, Chromium 0.005 mg/L; and
Lead 0.006 mg/L below the detectable level).

Keywords: Phytochemical Constituents,
Atomic Absorption Spectroscopy Method,
Eryngium foetidum Linn.

Introduction

Medicinal herbs have played a crucial
role in maintaining human health and improving
the quality of human life for thousands of years.
They often contain highly active
pharmacological principles including minerals
and trace metals(1). According to World Health
Organization (WHO) estimates, nearly 70-80%
of the world population still primarily relies on
nonconventional medications, mostly derived
from herbs(2,3). India is known for its rich
tradition of herbal medicine, and Indians are
quite familiar with the medicinal and flavoring
properties of several herbs. Herbs are
traditionally used for the treatment and
prevention of chronic ailments. The toxicity of
herbal plants may be related to contaminants

such as pesticides, microbes, heavy metals,
chemical toxins, and adulterants(4,5). In general,
the  geography, the geochemical solil
characteristics, contaminants in the soil, water,
and air, and other growth, transport, and storage
conditions can significantly affect the properties
and the quality of the herbal plants and their
constituents(6,7).

Materials and Methods

Plant Materials: The whole plant of
Erygium foetidium Linn. was collected from the
Marthandam, Kanya kumari Dist., Tamilnadu in
the month of December. Healthy and mature
plants were selected for the study. The
taxonomic identification of plant was
authenticated by Dr. C. Madhava Chetty,
Professor, Dept. of Botany, SV University,
Tirupati, Chittoor Dist., A.P, India and
deposited to the department as a sample
herbarium. The plants were thoroughly washed
with tap water followed by second distilled
water to remove the dirt and specks of dust.

Drying: The cleaned plants were cut into
small pieces and were left for shade drying for 15
days. Afterwards, they were dried in hot air oven
at 40°C for 2 h to remove the equilibrium
moisture before the extraction process.

Extraction: Extraction was performed by
Soxhelt extraction technique(11). Whole plants of
Erygium foetidium Linn. were pulverized by using
a mechanical grinder, which was later sieved
through mesh size 80 to get the powder of
uniform size. Around 10 g of the powder was
packed in a thimble of whatmann’s filter paper.
The apparatus was then assembled and the
extractions were carried out using 250 ml each of
as Petroleum ether, Chloroform, Ethyl acetate
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and Ethanol as solvent. The temperature was
maintained at 35-40°C. The extraction was
continued for 10 h for Ethanol, 5 h for Petroleum
ether, Chloroform, Ethyl acetate following the
color of the solvent collected in the thimble
chamber. Ten milliliters each of concentrated
extract was kept for phytochemical screening
and remaining extracts were dried. The
dried extract was used for isolation of
phytoconstituents and Pharmacological
activities. Preliminary Characters and
percentage yield of Petroleum ether, Chloroform,
Ethyl acetate and Ethanol extracts of Erygium
foetidium L. is presented in Table 1 & Fig. 1

Phytochemical Screening:
Phytochemical screenings were carried out for
Petroleum ether, Chloroform, Ethyl acetate and

Test for Alkaloids

a. Mayer’s Test. To 2 ml of each
extract, few ml of 2N HCI along with few drops
of Mayer’s reagent was added. Gelatinous white
precipitation confirms the presence of alkaloids.

b. Wagner Test: To 2 ml of extract few
drops of Wagner reagent was added, a reddish
brown precipitation observed confirms the
presence of alkaloids.

Test for Saponin

Froth Flotation Test. 2 ml of sample
was added in a test tube with few ml of water,
a froth observed and persisted on constant
shaking confirms the presence of saponin.

Test for Tannins and Phenolic
Compound: To a 2 ml of extract few drop of

Ethanol extracts as per the standard 5% FeCl; solution was added, blue black
methods(6,7,8,9) and following tests were  precipitation confirms the presence of tannins
performed: and phenolic compound.
Table 1: Preliminary Characters and % Yield of Various Extracts of
Erygium Foetidium Linn.
S No Solvent Color of Extract Percentage Yield

1. Petroleum ether Dark Green 33.3%

2. Chloroform Light Green 8.41%

3. Ethyl acetate Light Green 8.31%

4. Ethanol Brown 20.0%

PETROLELM™M €ETHeER
Exerack

ETHYL AceTA !!

EexTRACT

ETH AR

Fig. 1. Preliminary Characters of Various Extracts of Erygium Foetidium Linn.

Phytochemical Investigation and Heavy Metal Analysis
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Test for Flavonoids: To 2 ml of
extract, 1 ml of lead acetate solution was
added. An intense yellow color was appeared
which confirms the presence of flavonoids.

Test of Cardiac Glycoside: To 2 ml
of plant extract, 2 ml of glacial acetic acid
containing 1 drop of ferric chloride solution
and 1 ml of concentrated H,SO, was added.
Appearance of a brown ring indicates the
presence of cardiac glycoside.

Test for Reducing Sugars: Fehling
test: 1ml each of Fehling’s A and Fehling’s B
solutions was mixed and boiled for 1 min and
equal volume of test solution was added. The
whole solution is heated in a boiling water
bath for 5-10 min. Formation of brick red ppt.
confirmed the presence of carbohydrate.

Test for Glycoside (Killer Killiani
Test): To 2 ml of extract, 1 ml of glacial acetic
acid, few drop of FeCl;, and few drops of
concentrated H2SO4 were added. Green/blue
precipitation indicates the presence of glycoside.

Test for Emodins: To 2 ml of extract,
2 ml of NH;OH and 3 ml of benzene were
added. Red coloration indicates the presence
of emodins.

Test for Phlobatannins: To 2 ml of
extract, 2 ml of 1% HCI was added and
heated. Red precipitate indicates the
presence of phlobatannins.

Test for Terpenoids: To 2 ml of
extract, 2 ml of chloroform and 2 ml of
concentrated H,SO, was added. A reddish
brown coloration indicates the presence of
terpenoids.

Test for Protein: To 2 ml of extract,
few drops of concentrated H,SO, was added
on it. White precipitate indicates the presence
of protein.

Test for Steroid (Salkowski Test):
To 2 ml of extract, 2 ml of CHCI; and 2 ml of
conc. H,SO, were added on it. A reddish
brown ring at the junction indicates the
presence of steroid.

Heavy Metal Analysis
The quantification of heavy metals in
the plant powder was done by flame AAS

technique equipped in ICE 3000 series atomic
absorption spectrometer. For this, 1.0 g of
dried plant powder was taken in a 250ml
conical flask, and 5 ml of conc. HNO; (GFS
Chemicals Inc., Columbus, 69%) was added
slowly. The mixture was heated on the hot
plate till the brown fumes disappeared yielding
the white fumes. Water was added to make the
solution, and it was then filtered in a 50 ml
volumetric flask. Finally, the volume was
adjusted to 50 ml by adding triple distilled
water up to the mark(16,17). This filtrate was
then introduced in flame AAS for the detection
of metals.

Results and Discussion

The phytochemical screening revealed
the presence of phenols were present in all
extracts. Flavanoids, were present in all three
petroleum ether, Ethyl acetate and ethanol
extracts(10). Terpenoids were present in
Chloroform, Ethyl acetate and ethanol extracts
and but were absent in petroleum ether extract.
Anthraquinones, emodins and glycoside were
present only in Ethyl acetate extract and tannins
were present only in ethanol extract and absent
in all three extracts. The concentration of
alkaloid by Mayer's test was medium in the
ethanol extract. Similarly, in Wagner's test, it
was high in ethanol and low in petroleum ether
extract. The reducing sugar was at high
concentration in petroleum ether and low in
ethanol. Proteins were absent only in petroleum
ether extract and remaining have extracts with
low concentration. The report of phytochemical
screening is presented in (Table 2).

Environment, pollution, atmosphere,
soil, harvesting and handling are some of

. A5 AT RS |

e A2 e —
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it |

Figure. 2 Test for Steroids Various Extracts of
Erygium Foetidium Linn.
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in contamination of medicinal plants by metals
and also by microbial growth. Therefore it is
necessary to measure and establish the levels
of metallic elements in the herbal plants as
these elements when consumed at higher
levels become toxic(10-12). The dried powder
of plant Erygium foetidium L. analyzed for
the presence of important heavy metals
such as Arsenic, Chromium and Lead in this
study. The results showed doesn’t contains
high toxic levels of heavy metals; (Arsenic-
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Table 2: Phytochemical Compositions of Various Extracts of Erygium Foetidium Linn.
Eryngium foetidium Extract
Chemical Test
Pet. Ether Chloroform Ethyl Acetate Ethanol
Test for alkaloid
1. Mayer’s test _ _ + ++
2. Wagner test _ _ + ++
Test for saponin _ _ _ +++
Test for phenol + + ++ ++
Test for flavonoids + _ ++ +++
Test for glycoside _ _ ++ +++
Test for reducing sugar + + + _
Test for steroid + _ + ++
Test for tannins _ _ _ +
Test for protein _ _ _ _
Test for terpenoids _ + + +++
Test for emodins _ _ - —
Test for anthraquinone _ _ + _
Table 3: Heavy Metal Analysis of Dried Powder of Plant Erygium Foetidium Linn.
S. No. Heavy Metal Wavelength Concentration Normal Level
1. Arsenic [ As ] 188.979 0.022 mg/L [BDL ] 0.053mg/L
2. Chromium [Cr ] 267.716 0.005 mg/L 0.007 mg/L
3. Lead [Pb] 220.353 0.006 mg/L 0.042 mg/L
the factors, which play a major role 0.022 mg/L; below the detectable level,

Chromium 0.005 mg/L; and Lead 0.006 mg/L
below the detectable level) (Table 3). The
heavy metal content did not exceed the limit
given according to the WHO guidelines
2005(12-15).

Conclusion

The outcome of the present studies
revealed that various phytochemicals including
alkaloids, steroids, terpenoids, glycosides,
anthraquinones, etc., are present while tannins

Phytochemical Investigation and Heavy Metal Analysis
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and emodins were found absent in this plant.
Heavy metals like As, Cr, Pb are below the
detectable level according to the WHO
guidelines, which provide biological
significance of the studied plant. The
studies therefore suggest that the folklore use
though is very resourceful; the authenticity yet
needs serious research. The closely
resembling species may sometimes create
ambiguity that even leads to fatal disorders.
With more resources and time, further
investigation and isolation of phytochemical
constituents of plant Erygium foetidium L. can
be revealed.
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Abstract

It is an oral topoisomerase inhibitor,
having oral absorption of about 25-30%
leading to low bioavailability of the drug due to
low permeability and poor water solubility. The
aim of the present study is to improve the
solubility and dissolution rate and in turn the
sufficient activity against pancreatic cancer of
the drug, by formulating its inclusion complex
with beta (B)-cyclodextrin, using different
methods. The phase solubility analysis
indicates the formation of 1:1 molar inclusion
complex of the drug with beta cyclodextrin.
Phase solubility analysis of Rubetican-HPBCD
mixture provided ki, value of 1188 M". The
prepared complexes were characterized using
differential scanning calorimetry, scanning
electron microscopy, and x-ray diffractometry.
The results suggest that using “drug-in-CD-
inclusion complex in liposome” approach is a
feasible strategy to formulate. These prepared
liposomes by double-loading technique seem
to be a suitable targeted drug delivery system
because they have a fast onset action with
prolonged drug release process and the
significantly enhanced drug-loading capacity.

Keywords: 2-Hydoxy Propyl- B —Cyclodextrins,
Inclusion complexes, Liposomes

Introduction

Nanocarriers are able to change the
physicochemical properties of the

incorporated molecules, affect the
pharmacokinetic profiles of embedded drugs,
as well as allow the incorporated molecules to
overcome biological barriers. For these
reasons nanovehicles are used to enhance the
effectiveness of the drug, decrease severe side
effects, and protect the drug from chemical
degradation that may compromise their
efficiency, or lead to the formation of
secondary products, which are sometimes
toxic. Liposomes are microscopic spherical
lipid vesicles in which an aqueous volume is
entirely enclosed by a membrane(1). They can
encapsulate hydrophilic molecules in the
aqueous core, lipophilic ones in the membrane
and amphiphilic substances at the aqueous—
lipid interface. Liposomes are usually made of
natural, biodegradable, non-toxic and non-
immunogenic lipid molecules. These
aggregates are useful in biological, biomedical,
and biotechnological applications as drug
delivery systems due to their extraordinary
capacity to encapsulate hydrophilic drugs in
the aqueous core and to trap lipophilic
compounds within the membrane. In doing so,
this carrier system protects the entrapped
molecules from degradation and thinning down
in the systemic circulation. Because of their
properties, liposomes when formed, their
physiochemical properties like size, lamellarity,
membrane rigidity, etc. are able to influence
and enhance the performance of products by
increasing ingredient solubility, improving
ingredient bioavailability, enhance intracellular
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uptake, alter pharmacokinetics and
biodistribution and in vitro and in vivo
stability(2). Liposomes are also known to
prevent local irritation, increase drug potency
and reduce toxicity. However, the amount of
drug that can be encapsulated within the
liposomes impedes its employment as a
carrier system. Both the properties of the
liposome as well as that of the entrapped drug
can manipulate the encapsulation efficiency.
Liposomes offer an excellent opportunity to
selective drug targeting which is expected to
optimize the pharmacokinetic parameters and
the pharmacological effects, prevent local
irritation, and reduce the drug toxicity(2).
Drugs may be incompatible with vesicle
formation, and the accommodation of water-
insoluble drugs in the lipid bilayers of the
liposomes can be detrimental to the bilayer
formation and stability and require the use of
suitable organic solvents. Increasing the lipid
load in order to incorporate sufficient drug for
adequate therapeutic efficacy may not be
acceptable, particularly with chronic use.
Simultaneous entrapment of the drug into the
lipid bilayers as well as into the aqueous
phase of the liposome by virtue of the water-
soluble cyclodextrin (CD) inclusion complexes
is a prospective approach for surmounting
such shortcomings and combining the relative
advantages of the two types of carriers into a

single system by formulating drug-in
cyclodextrin-in liposome (CLDDS)
systems(11).

Nevertheless, the incorporation of
highly hydrophobic molecules into liposomes
can destabilize the lipid membrane, leading to
a rapid release of the drug from the bilayer. In
an attempt to overcome this problem, in 1994,
McCormack and Gregoriad is engineered, for
the first time, the possibility of forming a
combined system of cyclodextrins (CDs) and
liposomes called drug-in-cyclodextrin-in-
liposomes (DCLs). These systems are able to
combine the capabilty of CDs to form
CD/drug inclusion complexes with the use of
liposomes as shuttle systems. Recently,
different DCLs have been designed to
overcome drawbacks such as the Ilow

solubility and low stability of many type of
active compounds comprising aromatics,
essential oils, and hydrophobic drugs. The
possibility of using such a combined strategy
aimed to concurrently exploit the CD-
solubilizing power toward the drug and the
tailored release mechanisms offered by
liposomes.

Rubitecan [Orathecin™] is a
topoisomerase | inhibitor extracted from the bark
and leaves of the Camptotheca acuminata tree,
which is native to China. It is a pyrano-indolizino-
quinoline that is camptothecin in which the
hydrogen at position 9 has been replaced by a
nitro group. It is a C-nitro compound, a
semisynthetic derivative, a tertiary alcohol and a
delta-lactone. It is a prodrug for 9-
aminocamptothecin. Investigated for use/treatment
in pancreatic cancer, leukemia (unspecified),

melanoma, ovarian cancer. Rubitecan is an
effective drug against pancreatic cancer(4).
We decided to formulate inclusion

complexes of 2-Hydoxy Propyl-B-Cyclodextrins
containing Rubetican in liposome as the
anticancer agent. However, the inherent
bioavailability of the molecule is very low. This
molecule has an aberrant solubility pattern and
attempts to improve its bioavailability are plenty in
the literature. A nanoparticulate delivery system
for Rubetican has been designed; 2-Hydoxy
Propyl-B-Cyclodextrins has been used as a
complexing agent. Liposomes of Rubetican
have been formulated as a stable carrier for
delivering Rubetican to the hepatocytes is
desired, warranting its delivery as CLDDS. All
liposomal formulations were characterized for
encapsulation efficiency, particle size, drug
loading and morphology. In vitro release profiles
were determined and an in vitro cytotoxicity and
antitumor activity was performed to ascertain the
effectiveness of the formulation developed(12).

Material

HP-B-CD (molecular weight, 1.460 Da)
and dimethyl sulfoxide-d6 (DMSO- d6) were
obtained from Sigma-Aldrich. The average
degree of substitution in the purchased HPRCD
was 0.8 hydroxypropyl groups per glucose unit.
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All other chemicals used were of standard
reagent grade.

Preparation of Rubitecan Inclusion
Complexes: Preparation of Rubitecan
Inclusion is prepared by neutralization-
agitation method: 1.500 g 2-Hydoxy Propyl-3-
Cyclodextrins was weighed and placed into
50 mL beaker. 30 mL distilled water was
added into the beaker to make a solution.
Accurately weighed (0.3849 g) RUBITECAN
(RUBITECAN to  2-Hydoxy  Propyl-$-
Cyclodextrins’ molar ratio 1:1) was then
added into the 2-Hydoxy Propyl-B-
Cyclodextrins  solution. 1 moL/L NaOH
solution was then added dropwise to adjust
the pH to alkaline. RUBITECAN, all in the
open ring form, was dissolved in 2-Hydoxy
Propyl-B-Cyclodextrins solution, followed by
magnetic stirring for 2 h at room temperature.
1 mol/Litre hydrochloric acid solution was
then dropped into the above solution to adjust
the pH to neutral and kept overnight. The
solution was then filtered and the filtrate was
concentrated under reduced pressure at 40°C
vacuum drying. The RUBITECAN 2-Hydoxy
Propyl-B-Cyclodextrins inclusion complex was
then obtained and verified(4).

Liposome Preparation: Small uni-
lamellar liposomes containing Rubitecan and
Rubitecan: 2-Hydoxy Propyl-B-Cyclodextrins
inclusion complexes were obtained by the
method of formation-and- hydration-sonication
of lipid film, as described by Lira et al. Briefly,
to obtain Rubitecan liposomes, Rubitecan
pure substance (10 mg) mixed with combined
blend of lipids containing soya phosphatidyl
choline, cholesterol and stearyl-amine) and
was solubilized in the organic phase with the
in a biphasic mixture solvent system
composed of chloroform: methyl alcohol (3:1
v/v) under magnetic stirring. Next, a thin film
was formed and hydrated with 10 mL of Tris
buffer solution (pH 7.4) containing trehalose
(10% m/v). The resulting multi-lamellar
liposomes were then  subjected to
ultrasonication to obtain micro-uni-lamellar
liposomes. Finally, the liposomes were
freeze-dried and the lyophilized liposomes

maintained at 25°C+1°C in a desiccator
equipped with vacuum control. Alternatively, in
order to obtain Rubitecan inclusion complex
form of liposomes, the Rubitecan: 2-Hydoxy
Propyl-B-Cyclodextrins inclusion complexes
were added to the Tris-buffer solution
(aqueous phase) forming liposomes at a drug
concentration of 1000 micrograms/mL(5).

Characterization of Inclusion Complexes in
Liposomes:

Phase Solubility Test: It is commonly
utilized to measure the binding constant
calculated from the equations of Higuchi and
Connors. Briefly, an excess of RUBITECAN (2
mg) was added in 2 mL of distilled water
containing various amounts of HPRCD (0-200
mM). The dispersions were mixed by orbital
stirring (Model TS2000A VDRL, Bio mixer,
Brazil) at 150 rpm for 72 h at 25°C+2°C. Then,
the samples were filtered through the
hydrophilic cellulose acetate membrane (0.22
pm, Kasvi, Brazil). The RUBITECAN
concentrations were determined
spectrophotometrically at [1 = 286 nm (model
SP-2000 UV, Spectrum, USA). For Rubitecan,
the apparent stability constant (Ks) was
calculated from the linear relationship between
the molar concentration of Rubitecan in the
solution medium as a function of the HP-B-CD
molecular concentration according to the
following equation:

Slope- is the corresponding slope of the
phase solubility diagram

Ke= Slope
Spl1-slope)

Sy (the intercept) denotes the solubility of
Rubitecan in the absence of 2-Hydoxy
Propyl-B-Cyclodextrins(13).

Morphological Studies: The
morphology was evaluated and photo scanned
by using scanning electron microscopy (SEM)
(MEV-FEG Auriga 40, Zeiss, Germany) with an
accelerating voltage of 5kV. The test samples
were previously covered with a layer of

Antitumor Drug Delivery System



Current Trends in Biotechnology and Pharmacy

18

Vol. 16 (Supplementry Issue 2) 15 - 24, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.35.58

palladium by sputter coating. SEM reveals the
inclusion cyclodextrins complexes to analyse
whether the inclusion linkage had been
completely obtained by comparing and
contrasting the pictorial variations among the
2-HP-B-CD and final inclusion complex(6).

Particle Size Measurements: The
average diameter of the liposomal particles and
their polydispersity index (Pl) of liposomes, at
pre-and-post lyophilization/rehydration stage,
were measured by  photon-correlation-
spectroscopic method (PCS) using a laser
particle size analyzer Delsa-TM Nano-S at 25°C
with a 90-degree fixed angle (Beckman Coulter,
UK). Liposome samples (n = 3) were diluted
suitably in highly purified water for particle
counting.

Zeta Potential Measurements: The
surface charge of the vesicles (zeta potential)
was measured by determining their
electrophoretic mobility using a Zetatrac
Legacy (Nanotrac®, USA). The
measurements (n = 3) were carried out at 25°
C with sample dispersions at 0.3% (w/v) in a
NaCl (1 mM) aqueous electrolyte.

Encapsulation Efficiency: It was
estimated by UV-Visible spectrophotometry.
The Rubitecan was determined by taking an
aliquot of liposomal suspension (50
microliters). The aliquot was solubilized in
methyl alcohol and is further subjected to
sonication for 5 min to increase the solubility
of aliquot in methanol. The analyte was then
estimated by spectrophotometry at the
absorption maxima of 276 nm (Amax), using
the Rubitecan standard calibration curve with
in working dilutions ranging from 2 to 20

micrograms/mL in methanol. To quantify
the Rubitecan content that was not
inclusively complexed into 2-HP-B-

Cyclodextrins liposomes, the microfiltration/
dialysis/ultracentrifugation, a widely used
technique, was used. Initially, an aliquot of
liposomal dispersion (400 microliters) was
centrifuged at 10,000 rpm for 20 minutes at
4°C. Next, the filtrate, whose free analyte in
liposomes was quantified by UV-Vis
spectrophotometry (276 nm). Dilution factors

were applied to measure the correlation
Entrapment efficiency was calculated by the
following equation: EE% = (total-DCTN free
Rubitecan)/total Rubitecanx 100%(7).

In Vitro Release Kinetics: The kinetic
profiles of Rubitecan liposomes and Rubitican:
2-Hydoxy Propyl-B-Cyclodextrins  inclusion
complexes encapsulated into liposomes in pH
7.4 Tris buffer solution for 1.5 days.

In Vitro Cytotoxicity and Antitumor
Activity: The cytotoxicity and antitumor activity
were studied by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay with
various cancer cell lines (HCT116, KB), and L929
cells (regular homosapeins cell line). The cells
were inoculated into 96-well plates and incubated
for 24 hours at 3701 ambiences under controlled
relative-humidity atmosphere in Dulbecco's
Modified Eagle Medium-(DMEM) or Roswell Park
Memorial Institute Medium-(RPMI 1640) with
10% (v/v) foetal bovine serum (FBS) and 1%
(v/v) streptomycin sulphate. After 24-hours of
inoculation cell agglomerates received drug, drug
loaded in liposomes, inclusive complexes of drug
and incubated for 48 h. After incubation, 30 uL of
MTT solution (1000 ppm) was added to each
well, mixed and incubated for 4 hours at 37°C.
The media was withdrawn and then 100
microliters of DMSO was added to each well to
and mix gently to solubilize the Formazan
crystals developed by the viable and live cells.
Further, the absorbance was measured at 550
nm (optical density) and 660 nm (for background
subtraction). %-Cell viability was calculated
according to the following equation: Optical
Density- (OD) value = (OD 560 nm—-670 nm)(8).

OI:)Sample' ODgjank |

ODcontrol “OPgjank |

Cell Viability (%) =

Cellular-Uptake Study by Confocal-
Laser-Scanning-Microscopy: The cellular
uptake of optimized and prepared inclusion
complex is established by using the method
confocal laser scanning microscopy in HCT-
119 and KB cell linings. The HCT-119 and KB
cells were inoculated on Octa-well plate with
RPMI 1640 medium and incubated for
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24 hours. After incubation, the cells are
treated with Rubitecan-2-HP-CD-inclusion
complex and blend thoroughly for uniform
distribution and then are incubated for 4
hours. The medium was collected and rinsed
with Phosphate Buffer Solution for 2 times.
Then the cell linings were stabilized by
fixation with 4% paraformaldehyde for 10 min
at 37°C. The micro-cellular machinery and
other components including the nucleus of the
cells were smeared and colour with Acti-stain-
TM-488-phalloidin and DAPI for 15 min, and
the slides were slightly treated with glycerol
as dehydrating agent kept a side for 5
minutes. Further the slides are mounted and
examined by CLSM(9).

Stability Assessment of
Liposomes: These testing procedures
include the physicochemical evaluations such
as physical appearance, particle size
measurement and distribution, poly-dispersity
index and pH-variations were studied. The
objective of accelerated stability study is to
verify the liposomal preparations on short-
term degradation by subjecting to stressed
conditions. In this context, liposomal
suspensions were undergoing the high-speed
centrifugation at 10000 rpm for 1 hr at 4°C
and to mechanical stress at 180
strokes/minute at 37°C during 48 hrs
(Polytest®20 Bio-block Scientific). Long-term
bench-top stability evaluation of liposomes

was also recommended to perform
immediately after the preparation of liposomes

and subsequently at predetermined time
intervals at 7, 15, and 30 days(10).
Results and Discussion

Phase Solubility Test: The

concentration of RUBITECAN solubilized form
in deionized water is raised in linear fashion
with the addition of 2-Hydoxy Propyl-f-
Cyclodextrins. The S, value (solubility of
RUBITECAN in the absence of 2 HP-3-CD)
was 0.000274 mM and the slope value of the
linear plot was 0.00028, the slope value and S,
value are important to obtain the stability
constant (Ks) value. The determination
coefficient was 0.9982, suggesting a equimolar
ratio of 1:1 stoichiometry of the complex
formation, and indicating an A, -type phase
solubility diagram according to Higuchi and
Connors. In our study, the stability constant for
the complexation was 1188 M™, the higher Ks
value, the higher the chance of occurring an
inclusion-complex between the active drug
molecule and cyclodextrin and, henceforth,
acquires the maximum drug solubility and
successful complexation in the cyclodextrin
cavity. The solubility profile of RUBITECAN in
aqueous solutions containing 2-Hydoxy Propyl-
B-Cyclodextrins (Figure 1).

Morphological Studies: The SEM
images depicted that free Rubitecan is present as

Phase selubility plot aof difflerent concentrations of
Hubitecan im the presence of varioos 2-0OH-propy - fi-
ce¥cladexirin concentratiens in water at 25°C
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Fig 1. Phase Solubility Plot of Different Concentrations of Rubitecan in the Presence of Various
2-Hydroxy-Propyl B-Cyclodextrin Concentrations in Water at 25°C

Antitumor Drug Delivery System



Current Trends in Biotechnology and Pharmacy
Vol. 16 (Supplementry Issue 2) 15 - 24, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
1

0.5530/ctbp.2022.35.58

asymmetrical  crystals with  non-uniform
shape and appearance. (Figure 2A) and 2-
HP-B-CD are visible as spherical shaped
particles with rough, uneven texture with
high degree of crevices and pores on surface
of the particles. (Fig. 2B). On the other hand,
in the pictures of the Rubitican: 2-Hydoxy
Propyl-B-Cyclodextrins  inclusion complexes
(Figure 2C) the intrinsic morphological
characters of both molecules are modified and
a uniform amorphous flat structure with highly
variable in particle size distribution was
observed. These \variations in particle
morphological features were attributed to the
formation of linkage between the drug and
cyclodextrins during inclusion complexation
process, which suggests the formation of the
inclusion complex.

Particle Size Measurements: The
average particle sizes of plain liposomes
and inclusive complexed cyclodextrin liposomes
were measured to be 8245 + 6.6 nm and
87.33 £ 3.00 nm, respectively. There were
no remarkable variations (p<0.05) in the
equivalent mean diameters of particle sizes of
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plain and inclusive complex liposomes
of Rubitecan. Also, the respective poly-dispersity
index values of plain and inclusive

complex liposomes of Rubitecan were found
to be 0.35 and 0.39. The liposomes are ultimately
had a uniformly distributed and populated
particles.

In Vitro Release Kinetics: A quick
release effect (25%) to native liposomes and
cyclodextrins liposomes occurred in the first four
hours. This might be attributed to the quick
release of Rubitecan adsorbed on the surface of
liposomes. Henceforth, a slow and persistent
release of the Rubitecan has observed in both
formulations within a period of 6 hours (4—10 h).
After 8 h, there was a drug release of almost 80%
to both plain and cyclodextrin liposomes. The
highest concentration of drug released to
Rubitecan (95%) and to Rubitican:2-Hydoxy
Propyl-B-Cyclodextrins  inclusion  complexes
(98%) was obtained at 24 h. As shown in Figures
(@) and (b), there was substantial agreement
about the finding indicates that a simple diffusion
mechanism is involved in the mass transport of
liposomal systems Figs 3-10.
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Fig 2. (A) Scanning Electron microscopy, (B) SEM Image, (C) SEM Image
(SEM) of Rubuitecan-API in pure form

Table 1: lllustrates Particle Size, Zeta Potential and Encapsulation Efficiency

. Particle Poly Zeta Potential | Enpcapsulation
Liposomes Effici
Sizeinnm | Dispersity Index in mv iciency
Rubitecan Liposomes
73.65+5.24 0.31£2.78 36.45+2.74 94.72+2.64
(Native)
Rubitecan: 2-HP-CD-Inclusive | - gg 55, g4 0.39:6.85 38.7643.65 92.1843.42
Complex Liposomes
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Fig 4. Particle Size Distribution of Rubitecan-2-
Hydroxy Propyl-Beta-Cyclodextrins Inclusion
Complexes Encapsulated Liposomes

Fig 3. Particle Size Distribution of Rubitecan
Liposomes
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Fig 5. Zeta Potential Study of Rubitecan Liposomes

Zeta-Potential- Rubitican:2-Hydoxy Propyl-B-Cyclodextrins
inclusion complex encapsulated in Liposomes
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Fig 6. Zeta Potential Study of Rubitecan-2 Hydroxy Propyl-Beta-Cyclodextrins

Inclusion
Complexes Encapsulated Liposomes
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Fig 7. Calibration Curve of Rubitecan In

Fig 8. In Vitro Release Study of Rubitecan
methanol as standard dilutions
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Fig 9. In Vitro Release Study of Rubitecan-2-
Hydroxy propyl-Beta-Cyclodextrins Inclusion
complexes

Fig 10. In Vitro Cytotoxicity Study of Rubitecan
(Pure)/Rubitecan 2-Hydroxy propyl —Beta
Cyclodextrins Inclusion Complexes in KB
Cells
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Fig 11. Analysis of cellular uptake with Rubitecan-Hydroxy propyl -Beta-cyclodextrins Inclusion
Complexes at KB cells by Confocal laser Scanning Microscopy (CLSM) after Cultivation for 4
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Fig 12. Analysis of Cellular Uptake with Rubitecan-2-Hydroxy Propyl-Beta-Cyclodextrins
Inclusion Complexes at HCT-119 Cells by CLSM after Cultivation for 4 Hours

In vitro Cytotoxicity and Antitumor
Activity: The cytotoxicity and antitumor
activity of free Rubitecan, Rubitecan-loaded-
liposomes, and Rubitican: 2-Hydoxy Propyl-§-
Cyclodextrins inclusion complex encapsulated
in liposomes were evaluated by MTT assay
[3-(4, 5-dimethyl thiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide] HCT119 and KB cell

(cancer cell) (Figure). Viable cells at the time of
test agent addition (TO) and following 72 hours
of drug exposure were determined. In addition,
anticancer activity shown (Fig. (B), (C)) that
anticancer activity of Rubitecan-inclusion
complex was improved than free Rubitecan
and Rubitecan-loaded-liposomes in HCT 116
and KB cell Figure 11-13.
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Fig 13. In Vitro Cytotoxicity Study of Rubitecan
(Pure)/Rubitecan-Lipsomes/Rubitecan-2-
Hydroxy Propyl-Beta-Cyclodextrins Inclusion
Complexes in HCT-119 Cells

Conclusion

The outcomes exhibit that liposomal
dosage forms containing Rubitecan and its
incorporation complex were acquired with
high entrapment efficiency. The details
additionally stayed stable when submitted to
both short term and long-term stability tests
introducing and keeping up attractive
physicochemical features for example,
particle-size, polydispersity indices and zeta-
potential, for intravenous use. Along these
lines, the improvement of liposomal
formulations containing Rubitecan and its
incorporation complex Rubitecan: HP-B-CD
speaks to a significant development for the
utilization of this medication treatment
reflecting a scientific approach and could be a
likely choice in malignant growth treatment.
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Abstract

Green synthetic tools involve the
design, synthesis and use of chemical
substances by eliminating the generation of
chemical hazards. This technique is
advantageous in terms of atom economy, use of
safer chemicals, energy efficient and
decomposition of the waste materials to non-
toxic substances which are eco-friendly. So,
microwave irradiated heating method is applied
for the generation of novel isoxazole derivatives.
The structure of isoxazoles moiety contains
three carbon atoms, one oxygen atom and one
nitrogen atom in the five membered ring.
Isoxazole scaffold exhibits diverse
pharmacological activities such as anti-viral, anti-
tubercular, anti-diabetic, anticancer, anthelmintic,
antimicrobial, antifungal, antioxidant, anti-
epileptic, antipsychotic etc. A series of novel
isoxazole derivatives are synthesized under
microwave irradiation. By the help of microwave,
the rate of the reaction is enhanced which leads
to high selectivity with better product yield as
compared to the conventional heating methods.
The titled compounds are evaluated for their
antiepileptic ~ activity by using maximal
electroshock (MES) method. The screening
results revealed that some of the compounds
exhibited promising antiepileptic activity as
compared to the standard drug.

Keywords: Microwave, Green, Synthesis,
Epilepsy, Chemistry, Isoxazole, Evaluation

Introduction

Green synthetic protocol involves the
utilization of set of principles that eliminates

the production of any hazardous substances
during the design, manufacture and utilization
of chemical substances(1). This method plays
a major role to control the pollution of
environment by using safer organic solvents,
catalysts, suitable reaction conditions there by
augments the atom economy and energy
efficiency of the synthetic procedure(2). So, the
microwave irradiated synthesis of organic
compounds is considered a green protocol as it
offers numerous benefits over conventional
heating techniques(3). The synthesis of
organic  compounds  under  microwave
irradiation mainly depends on the ability of the
reaction medium to absorb microwave energy
efficiently and also depends on the selection of
organic solvents to complete the chemical
synthesis(4,5). Hence, microwave induced
synthesis is more advantageous in terms of
uniform heating, homogeneity, increased rate
of chemical reactions, improvement of product
yield and cleaner reaction conditions(6).

Based on this concept, the isoxazole
derivatives are synthesized via chalcones
under microwave irradiated heating method to
reduce the by-products formation so that the
yield of the final product can be improved in
lesser reaction time(7). Isoxazole moiety
possess three carbon atoms, one oxygen atom
and one nitrogen atom in five-membered ring
system(8). Isoxazoles derivatives exhibits
diverse biological activities such as antifungal,
anti-viral, antimicrobial, anti-tubercular, anti-
diabetic, anticancer, antioxidant, anti-epileptic,
antipsychotic etc.(9-15).

Isoxazole scaffold forms the basis for
different drug molecules such as leflunomide,
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valdecoxib, zonisamide. Similarly, isoxazole
derivatives such as sulfamethoxazole,
sulfisoxazole and oxacillin are used clinically
to treat a wide variety of bacterial infections.
(Figure 2) (16-18).

Similarly, chalcone possess a,B-
unsaturated carbonyl system that makes
these molecules more pharmacologically
active (Figure 3) (19-21).

Experimental Section

All the chemicals and reagents used
to conduct experiments were of synthetic
grade with high purity. The scientific
microwave oven was used for the synthesis of
isoxazole derivatives. The synthesis of the
titted compounds was performed at power
level-2 which corresponds to 210W [22-24].
The melting points of the synthesized
compounds were determined in open capillary
tubes and were observed to be uncorrected.
TLC was monitored to check the completion
of reaction condition. For TLC study, the
solvents such chloroform and ethyl acetate
(60: 40) was selected as mobile phase. The

5/ O\ 1
Z 2
4 7 N
3
Isoxazole
Figure 1. Structure and Nomenclature of

Isoxazole Moiety

O C

H3C

Oxacillin

Sulfisoxazole

sample spots were visualized under ultraviolet
lamp. IR spectra of selected compounds was
recorded with the help of FT-IR spectrometer
gSHIMADZU) by using KBr. S|m|IarIy, the
HNMR spectra was recorded on 'H-NMR
spectrometer (Brucker 400 MHz) by using
DMSO as solvent and TMS as an internal
standard. The synthetic route for the title
compounds 4a-e was presented (Scheme1).

General Synthesis of Isoxazole Derivatives

Isoxazole derivatives were obtained
from chalcone. First of all, chalcone (3a-e)
were  synthesized by  Claisen-Schimdt
condensation of 2-hydroxy acetophenone (0.01
mol) and substituted benzaldehydes (0.01 mol)
in the presence of sodium hydroxide solution.
TLC was monitored to confirm the completion
of reaction. Further, the mixture of various
chalcones (3a-e) (0.01 mol), hydroxylamine
hydrochloride (0.01 mol) in ethanolic sodium
hydroxide solution was refluxed under
microwave irradiation at 210 W for 10-15 min.
TLC was checked to determine the completion
of reaction. After completion of the reaction, it
was kept on ice bath to obtain solid product of
isoxazole derivatives (4a-e).

Antiepileptic Activity

The newly
derivatives  were

isoxazole
their

synthesized
evaluated  for
B

T

Figure 3. Structure and Nomenclature of
Chalcone

H N
N\
CH, g

0O

Sulfamethoxazole

Figure 2. Medicinal Agents containing Isoxazole Pharmacophore
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NHZOH HCI

MWI(IO 15 min)

NaOH, C,HsOH

3a-e

Scheme 1. Synthesis of isoxazole derivatives

Table 1. Antiepileptic Activity of Title Compounds 4(a-e)

Dose HLTE phase Percentage Recovery/
Group Treatment Group -

(mglkg) duration (sec) Protection Death

Group-I Control - 67 - Death
Group-ll Standard 25 14 79 Recovered
4a 300 26 61 Recovered
4b 300 22 67 Recovered
4c 300 24 64 Recovered

Group-llI

4d 300 20 70 Recovered
4e 300 21 68 Recovered

antiepileptic activity as per the protocols
designed by the National Institute of
Neurological Disorders and Stroke, NIH
(USA). All the animal experiments performed
were approved by Institutional Animal Ethics
Committee (IAEC), India with protocol no.
926/PO/Re/S/06/ CPCSEA. The antiepileptic
activity was performed by using the maximal
electroshock (MES) method(25-27). For this
study, the rats were selected randomly and
each group contains six animals. Group-l was
considered as control while Group-ll was
selected as standard. The remaining groups
of animals were administered with all the test
compounds with dose of 300 mg/kg. The
standard drug (Phenytoin) was injected
intraperitoneally 30 min before and the test
compounds were administered orally 1h prior
to induce the convulsion. Electro convulsive
shock (150 mA for 0.2 sec) was given through
the corneal electrode to induce convulsions to
each group of rats. There are different phases
of convulsion which include flexion, extension,

clonus and stupor. Prior to delivery, the current
output was measured by a multimeter. After
the occurrence of electric stimulation, the
duration of different phases was determined
and the HLTE (Hind limb tonic extension)
phase was compared with the control group. A
decrease in the duration of hind limb extension
was considered as protective action (Table 1,
Figure 4). In case of anti-epileptic activity, the
percentage protection was calculated as
follows.

[MEPTIne—MEPT)
MEPDnc

%4 Protection = = 100

Where MEPDnc is the mean extensor
phase duration of normal control in sec., MEPD
is the mean extensor phase duration of sample
or standard in sec.

Results and Discussion

A new series of isoxazole derivatives

(4a-e) was obtained via chalcones by

Green Synthesis
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Antiepileptic activity of synthesized compounds 4(a-¢)
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40 -
30
20 A
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Treatment groups

de Control Standard

Fig 4. Percentage protection of titte compounds

Table 2. Optimization Study of Reaction Time and Product Yield

Microwave
Conventional Synthesis
Comp. M.P Synthesis
X R¢
Code (°C) Reaction Reaction
Yield Yield
(min) (min)

4a H 0.54 148-150 60 64% 10 74%
4b 2-Cl 0.62 150-153 120 56% 12 68%
4c 4-Cl 0.63 155-157 90 63% 13 87%
4d 4-F 0.55 154-159 90 58% 12 65%
4e 4-OH 0.61 162-165 120 60% 10 75%

cyclizaton of chalcones (3a-e) in the presence
of hydroxyl amine hydrochloride and ethanolic
sodium hydroxide solution. By the help of
microwave irradiation, the product yield was
improved 65%-87% in short reaction time.
The characteristic spectra of a,f unsaturated
carbonyl (ketone) group of chalcone was
observed near 1640-1650 cm™. Similarly, the
absorption at Ay for various groups are
3220-3300cm™ (-OH), 2924-3116cm™(Ar-CH),
3029.39 cm™ (aliphatic-C-H), 1630cm™(C=N),
1735-1750 cm’’ (C=0, Ester), 1242-1258cm’
'(-C-O-N Str), 1000-1360 cm’'(-C-F), 600-800
cm” (-C-Cl) respectively. In the 'H NMR
spectrum, the aromatic protons were
observed as multiplet at ©6.86-8.56 and

singlet at 6.46 for -OH. The mass spectra of
the chalcone and isoxazole derivative exhibited
molecular ion peak corresponding to their
molecular formula(29-30). The titled
compounds were screened for their
antiepileptic activity with concentration of 300
mg/ml and the results were compared with
standard drug Phenytoin.

Conclusion

Isoxazole derivatives were synthesized
by using both the conventional method and
microwave irradiation technique to check the
product yield. By the help microwave irradiation
technique, the product yield was improved from
54% to 87% in a short period of time with
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cleaner reaction conditions. Maximal
electroshock method was used for evaluating
the antiepileptic activity of the titled compounds
The screening results revealed the most of
the compounds exhibited promising
antiepileptic activity as compared to the
standard drug. Further, it is required to
focus on optimization study of biological
activity in relation to the structural features of

isoxazole derivatives to potentiate the
development of the therapeutically active
compounds.
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Abstract

A simple, rapid, accurate and precise
isocratic reversed phase high performance
liquid chromatographic method has been
developed and validated for simultaneous
estimation of Decitabine and Cedazuridine in
tablet dosage form. The chromatographic
separation was carried out on Zorbax C18
column (150 mm x 4.6 mm I.D.,, 5 pm
particle size) with a mixture of 0.01N
potassium dihydrogen phosphate buffer and
acetonitrile in the ratio of 65:35% v/v as a
mobile phase at a flow rate of 1.0 mL/min. UV
detection was performed at 245 nm.
The retention times were 2.263 minutes and
3.001 minutes  for  Decitabine  and
Cedazuridine respectively. Calibration plots
were linear (r’=0.999 for both Decitabine
and Cedazuridine respectively) over the
concentration range of 8.75-52.5 ug/mL for
Decitabine  and 25-150 pg/mL  for
Cedazuridine. The method was validated for
linearity, precision, accuracy, ruggedness
and robustness. The proposed method
was successfully used for simultaneous
estimation of Decitabine and Cedazuridine
in tablet dosage form. Validation studies
revealed that the proposed method is

specific, rapid, reliable and reproducible.
The high % recovery and low % RSD
confirms the suitability of the proposed

method for routine quality control analysis of
Decitabine and Cedazuridine in bulk and
tablet dosage form.

Keywords: Decitabine, Cedazuridine,

Validation, HPLC.

Introduction

Decitabine is indicated for the
treatment of patients with myelodysplastic
syndromes  (MDS) including refractory
anaemia, refractory anaemia with ringed
sideroblasts, refractory anaemia with excess
blasts, refractory anaemia with excess blasts in
transformation and chronic
myelomonocyticleukaemia (1). Chemically it is,
4-amino-1-[(2R,4S,5R)-4-hydroxy-5-
(hydroxymethyl)oxolan-2-yl]-1,2-dihydro-1,3,5-
triazin-2-one (2) (Fig. 1). It acts as nucleoside
metabolic inhibitor, Decitabine is recognized as
a substrate by DNA methyl transferase
enzymes (DNMTs). This mode of action
depletes DNMTs and results in global DNA
hypomethylation (3).

Cedazuridine is acytidine deaminase

inhibitor co-administered with the
hypomethylating agent. Decitabine is indicated
for the treatment of variable forms of

myelodysplastic ~ syndrome  (MDS)  (4).
Chemically it is, (4R)-1-[(2R,4R,5R)-3,3-
difluoro-4-hydroxy-5-(hydroxymethyl)oxolan-2-
yl]-4-hydroxy-1,3-diazinan-2-one (Fig.2). It acts
as DNA methyltransferase (DNMT) inhibitor

NH,

Fig 1. Chemical structure of decitabine
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Determination of working
wavelength  (Amax): In simultaneous

Fig 2. Chemical structure of cedazuridine

which is co-administered with
hypomethylating agents like Decitabine.
Cedazuridine inhibits major mechanism by
which Decitabine is degraded in the gut and
liver, and the combination therefore permits
the efficient delivery of Decitabine orally (5).

Literature survey reveals that there is
only one HPLC method was reported for
simultaneous estimation of Decitabine and
Cedazuridine in pharmaceutical formulations
(6). Therefore, an attempt has been made to
develop a novel, rapid, accurate and precise
RP-HPLC method for simultaneous estimation
of Decitabine and Cedazuridine in tablet
dosage form and validated in accordance with
ICH guidelines (7).

Materials and Methods

Instrumentation: To develop a high-
performance liquid chromatographic method
for simultaneous estimation of Decitabine and
Cedazuridine using Waters 2695 HPLC
system on Zorbax C18 (150 mm x 4.6 mm
I.D., 5 ym particle size) column was used.
The instrument is equipped with UV-Visible
detector. Data was analysed by using
Empower 2 software. A Eutech pHmeter was
used for pH measurements.

Chemicals and solvents: The
marketed formulation of Decitabine and
Cedazuridine tablets (Decitabine of 35mg and
Cedazuridine of 100mg) were procured from
local market. HPLC grade water and
acetonitrile were purchased from Rankem
Ltd., India. Methanol and potassium
dihydrogen phosphate of AR grade was
obtained from Rankem Ltd., India.

estimation of two drugsisobestic wavelength
was used. Isobestic point is the wavelength
where the molar absorptivity is the same for
two substances that are inter convertible. So
this wavelength was used in simultaneous
estimation to estimate two drugs accurately.
The wavelength of maximum absorption of the
solution of the drugs in mixture of 0.01N
KH,PO, buffer and acetonitrile (65:35% v/v)
were scanned using PDA detector within the
wavelength region of 200-400 nm against
0.01N KH,PO, buffer and acetonitrile (65:35%
vlv) as blank. The absorption curve shows
isobestic point at 265 nm. Thus 265 nm was
selected as detector wavelength for the HPLC
chromatographic method.

Chromatographic conditions: 0.01N
Potassium dihydrogen phosphate buffer and
acetonitrile in the ratio of 65:35% v/v was found
to be the most suitable mobile phase for ideal
chromatographic separation for simultaneous
estimation of Decitabine and Cedazuridine.
The solvent mixture was filtered through 0.45
pm membrane filter and sonicated before use.
It was pumped through the column at a flow
rate of 1.0 mL/min. Injection volume was 10 pL
and the column was maintained at a
temperature of 25°C. The column was
equilibrated by pumping the mobile phase
through the column for at least 30 minutes prior
to the injection of the drug solution. The
detection of the drug was monitored at 245 nm.
The run time was set as 5 minutes.

Preparation of standard stock
solution: Accurately weighed 17.5 mg of
Decitabine, 50 mg of Cedazuridine and
transferred to 50 mL volumetric flask
separately. 3/4™ of diluents was added to both
of these flasks and sonicated for 10 minutes.
Flasks were made up with diluents and labelled
as standard stock solution 1 and 2. (350 pyg/mL
of Decitabine and 1000 pg/mL  of
Cedazuridine).

Sample solution preparation: 5
tablets were weighed and the average weight
of each tablet was calculated, then the weight

RP-HPLC Method Development
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equivalent to 1 tablet was transferred into a
100 mL volumetric flask, 50 mL of diluents
was added and sonicated for 25 min, further
the volume was made up with diluent and
filtered by HPLC filters (350 pg/mL of
Decitabine and 1000 pg/mL of Cedazuridine).
1 mL of filtered sample stock solution was
transferred to 10 mL volumetric flask and
made up with diluent. (35 pg/mL of Decitabine
and 100 pg/mL of Cedazuridine).

General Preparations:

0.01N KH,PO, buffer: Accurately
weighed 1.36 gm of potassium dihydrogen
ortho phosphate in a 1000 mL of volumetric
flask add about 900 mL of milli-Q water added
and degas to sonicate and finally make up the
volume with water then pH adjusted to 5.4
with dil. ortho phosphoric acid solution.

0.1%O0PA buffer: 1 mL of ortho
phosphoric acid was diluted to 1000 mL with
HPLC grade water.

Preparation of mobile phase: Mobile
phase was prepared by mixing 0.01N KH,PO,
buffer and acetonitrile taken in the ratio
65:35% v/v. It was filtered through 0.45 p
membrane filter to remove the impurities which
may interfere in the final chromatogram.

Preparation of diluent: Based up on
the solubility of the drugs, diluent was
selected, acetonitrile and watertaken in the
ratio of 50:50% vi/v.

Assay: Inject 10 pL of the standard,
sample into the chromatographic system and
measure the areas for Decitabine and
Cedazuridine peaks and calculate the %
Assay.

Method Validation

System suitability: System suitability
is checked by using standard chemical
substance to ensure that the
analytical system is working properly. In
this peak area and % of drug of six
determinations is measured and %RSD
should be calculated.

Specificity: Specificity of an analytical
method is ability to measure specifically the
analyte of interest without interference from
blank and known impurities. For this purpose
blank chromatogram, standard chromatogram
and sample chromatogram were recorded. The
chromatogram of blank shows no response at
the retention times of drugs which confirms the
response of drugs was specific.

Linearity: The linearity of the method
was obtained by preparation of the calibration
standards of six different concentrations in 6
replicates. The calibration curve plots for
Decitabine and Cedazuridine were obtained by
plotting the peaks areas on y-axis and
concentrations on x-axis over the concentration
ranges of 8.75-52.5 pg/mL for Decitabine and
25-150 pg/mL  for Cedazuridine. The
correlation coefficient should be greater than
0.99.

Range: The range of an analytical
method is the interval between the upper and
lower levels of analyte (including these levels)
that have been demonstrated with precision,
accuracy and linearity.

Accuracy: The accuracy of the
method was assessed by recovery
experiments by adding a known quantity of
pure standard drug into the sample solution
and recovering the same in terms of its peak
areas. The sample was spiked with standard at
levels of 50%, 100% and 150% of test
concentrations. The resultant spiked sample
was assayed in triplicate.

Precision: Precision is the degree of
repeatability of an analytical method under
normal operation conditions. Precision is of
3types,

1. System precision
2. Method precision

3. Intermediate  precision (a.
precision, b. Inter-day precision)

intra-day

System precision is checked by using
standard chemical substance to ensure that
the analytical system is working properly. In
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this peak area and % of drug of six
determinations is measured and %RSD
should be calculated. In method precision, a
homogenous sample of single batch should
be analyzed 6 times. This indicates whether a
method is giving constant results for a
single batch. In this analyze the sample
six times and calculate the %RSD. The
precision of the instrument was checked by
repeatedly injecting (n=6) solutions of 35
pg/mL  of Decitabine and 100 pg/mL of
Cedazuridine.

Robustness: As part of the
Robustness, deliberate change in the
flowrate, mobile phase composition,

temperature variation was made to evaluate
the impact on the method.

A. The variation of flow rate:
Standard solution 35 pg/mL of Decitabine and
100 pg/mL of Cedazuridine was prepared and
analyzed using the varied flow rates 0.9
mL/min & 1.1 mL/min flow rate instead of 1.0
mL/min, remaining conditions are kept
constant. On evaluation of the above results,
it can be concluded that the variation in flow
rateaffected the method significantly. Hence it
indicates that the method is robust even by
change in the flow rate +20%.

B. The variation of organic
phase ratio: Standard solution of 35 pg/mL of
Decitabine and 100 pg/mL of Cedazuridine
was prepared and analyzed using the varied
in mobile phase ratio.

C. The variation of temperature:
Temperature minus (25°C) and temperature
plus  (35°C) were maintained and

samples wereinjected in duplicate manner
system.

LOD Sample preparation: 0.25 mL
each from two standard stock solutions was
pipetted out and transferred to two separate
10 mL volumetric flasks and made up with
diluents. From the above solutions 0.1 mL
each of Decitabine and Cedazuridine
solutions respectively were transferred to 10
mL volumetric flasks and made up with the
same diluents.

LOQ Sample preparation: 0.25 mL
each from two standard stock solutions was
pipetted out and transferred to two separate 10
mL volumetric flask and made up with diluent.
From the above solutions 0.3 mL each of
Decitabine and Cedazuridine, solutions
respectively were transferred to 10 mL
volumetric flasks and made up with the same
diluent.

Forced Degradation Studies

Decitabine and Cedazuridine standard
samples were subjected to degradation
under different stress conditions like acidic,
alkali, oxidative, thermal, photo stability
and neutral conditions. For acidic & alkali
degradation samples were refluxed with
2N HCI & 2N NaOH at 60°C for 30 min.
For oxidative degradation 20% v/v, H,O, was
used and the same was refluxed at 60°C for 30
min. For thermal degradation, sample was
placed in oven at 105°C for 1 hr; and for photo
stability degradation, drug was exposed to UV
light by keeping the sample in UV chamber for
7 days or 00 watt hours/m? in photo stability
chamber; for neutral degradation, the drugs
were refluxed in water for 1 hours at a
temperature of 60°C. All the samples were
diluted to obtain a final concentration of 35
pg/mL  of Decitabine & 100 pg/mL  of
Cedazuridine. Ten micro liters of the samples
were injected into the system and the
chromatograms were recorded to assess the
stability of the sample.

Results and Discussion

The HPLC procedure was optimized
with a view to develop an accurate,
precise and reproducible method for
simultaneous estimation of Decitabine and
Cedazuridine in tablet dosage form using
Zorbax C18 column (150 mm x 4.6 mm; 5 um)
) in isocratic mode with mobile phase
composition of 0.01N potassium dihydrogen
phosphate buffer and acetonitrile in the
ratio 65:35% v/v. The use of 0.01N phosphate
buffer and acetonitrile in the ratio of 65:35% v/v

RP-HPLC Method Development
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resulted in peak with maximum separation,
good shape and resolution. Flow rates
between 0.9 to 1.1 mL/min were studied. A
flow rate of 1.0 mL/min gave an optimum
signal-to-noise ratio with reasonable
separation time, the retention times for
Decitabine and Cedazuridine were found to
be 2.263 minutes and 3.001 minutes
respectively. Total run time was 5 minutes.
The drug components were measured with
UV detector at 245 nm. The results of
optimized chromatographic conditions were
shown in Table 1.

Linearity was obtained in the range
of 8.75-52.5 pg/mL for Decitabine and 25-
150 pyg/mL for Cedazuridine. The correlation
coefficient (r2) was found to be 0.999 for both
Decitabine and Cedazuridine respectively.
The regression equation of the linearity plot
of concentration of Decitabine over its peak
area was found to be y=37806x+10196,
where x is the concentration of Decitabine
(ug/mL) and y is the corresponding peak
area. The regression equation of the
linearity plot of concentration of
Cedazuridine over its peak area was found
to be y=31736x+21050, where x is the
concentration of Cedazuridine (ug/mL) and y
is the corresponding peak area. The results
show that an excellent correlation exists
between peak area and concentration of

drugs within the concentration range
indicated. The linearity results were shown in
Table 2.

The % RSD for intra-day precision and
inter-day precision for Decitabine were found to
be 0.6% and 1.0% respectively (limit %
RSD<2.0%). The % RSD for intra-day
precision and inter-day precision for
Cedazuridine were found to be 0.7% and 1.0%
respectively (limit % RSD<2.0%) and hence
the method is precise. The precision data of
Decitabine and Cedazuridine were furnished in
Table 3 & Table 4.

The % recovery of the drugs
Decitabine and Cedazuridine were found to be
99.71 to 100.17% and 99.91 to 100.50%
respectively and the high percentage of
recovery of Decitabine and Cedazuridine
indicates that the proposed method is highly
accurate. The results of accuracy studies of
Decitabine and Cedazuridine were shown in
Table 5 & Table 6.

The retention times for the drugs
Decitabine and Cedazuridine was 2.263
minutes and 3.001 minutes respectively. The
number of theoretical plates calculated for
Decitabine and Cedazuridine was 6633 and
11974 respectively. The tailing factor for
Decitabine and Cedazuridine was 1.52 and
1.305 respectively, which indicates efficient

Table 1. Optimized chromatographic conditions

S. No. Parameters Conditions

1 Instrument used Waters HPLC 2695 System

2 software Empower 2.0 version

3 Injection volume 10 yL

4 Mobile Phase 0.01N KH2PO4Acetonitrile (65:35% V/V)
5 Column Zorbax C 18 (150 mm x 4.6 mm, 5 ym)
6 Detection Wavelength 245 nm

7 Flowrate 1 mL/min

8 Runtime 5 min

9 Temperature Ambient (25°C)

10 Diluent Water and Acetonitrile (50:50% V/V)

RP-HPLC Method Development
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performance of the column. The limit of
detection (LOD) and limit of quantification
(LOQ) for Decitabine were found to be 0.58
pg/mL and 1.92 pg/mL; 0.99 pg/mL and 3.01

pg/mL for Cedazuridine respectively, which
indicate the sensitivity of the method. The
summary of system suitability parameters and
validation parameters were shown in Table 7.

Table 2. Results of linearity for decitabine and cedazuridine

Decitabine Cedazuridine

S No. Conc. (pg/mL) Peak area Conc. (pug/mL) Peak area
1 0 0 0 0
2 8.75 338918 25 809643
3 17.5 668059 50 1614417
4 26.25 1010116 75 2409485
5 35 1362686 100 3225114
6 43.75 1669573 125 4026519
7 52.5 1968823 150 4723591
Regression Equation y = 37806x + 10196 y =31736x + 21050
Slope 37806 31736
Intercept 10196 21050
R2 0.999 0.999

Table 3. Intra-day precision for decitabine and cedazuridine
S. No. Area for Decitabine Area for Cedazuridine
1 1338456 3118026
2 1354590 3155597
3 1352438 3180969
4 1333754 3169152
5 1336688 3163536
6 1342507 3178497
Average 1343072 3160963
S.D 8597.6 23038.0
%RSD 0.6 0.7

The robustness studies indicated that
no considerable effect on the determination of
the drugs. Therefore, the test method is
robust for the quantification of the drugs. In all
deliberately varied conditions, the %RSD for
replicate injections of Decitabine and

Cedazuridine were found to be within the
acceptable limits.

Validated method was applied for the
simultaneous estimation of Decitabine and
Cedazuridine in commercial tablet dosage

RP-HPLC Method Development
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forms. The

% Assay of Decitabine and

Cedazuridine were found to be 101.60% and
100.54% respectively. The results for the
drugs assay showed good agreement with
label claims. No interfering peaks were found

37

in the chromatogram of the tablet formulation
within the run time indicating that excipients
used in tablet formulation did not interfere with
the simultaneous estimation of the drugs
Decitabine and Cedazuridine by the proposed

Table 4. Inter-day precision for decitabine and cedazuridine

Day Aea for Decitabine Area for Cedazuridine
1 1310462 3123728

2 1314676 3094017

3 1305798 3154633

4 1338991 3082297

5 1314841 3128306

6 1332908 3076085
Average 1319613 3109844

SD 13221.2 30622.4
%RSD 1.0 1.0

Table 5. Accuracy results of decitabine

% Concentration Amount Added Amount Found Mean
e % Recovery
(at specification level) (Hg) (Hg) Recovery
50% 17.5 17.52 100.14
100% 35 34.89 99.71 100.01%
150% 52.5 52.59 100.17
Table 6. Accuracy results of cedazuridine
i Amount Added Amount Found
% Concgptrqtlon % Recovery Mean
(at specification level) (Hg) (Hg) Recovery
50% 50 49.95 99.91
100% 100.0 100.38 100.38 100.29%
150% 150.0 150.87 100.50
Table 7. System suitability parameters for decitabine and cedazuridine
S. No. Parameter Decitabine Cedazuridine
1 Retention time (min) 2.252 2.979
2 Plate count 6633 11974
3 Tailing factor 1.52 1.305
4 Resolution - 6.317
5 %RSD 0.9 0.5

RP-HPLC Method Development
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Table 8. Assay of decitabine and cedazuridine
Assay of Decitabine Assay of Cedazuridine
TN e | venssay | S [Sae T ey
1 1331358 1338456 101.25 3160242 3118026 99.17
2 1331197 1354590 102.47 3144319 3155597 100.36
3 1330607 1352438 102.30 3151862 3180969 101.17
4 1307769 1333754 100.89 3140695 3169152 100.80
5 1312164 1336688 101.11 3129029 3163536 100.62
6 1310781 1342507 101.55 3119742 3178497 101.09
Avg 1320646 1343072 101.60 3140982 3160963 100.54
SD 11492.4 8597.6 0.6504 14795.6 23038.0 0.7327
%RSD 0.9 0.6 0.6 0.5 0.7 0.7
2 “"“r; % |
55 f ‘ \
o20] I |
Mf; ‘l“' ,‘l I"‘.,‘
0.00]— — S - —

T
3.00
Minutes

Fig 3. Optimized chromatogram of decitabine and cedazuridine

HPLC method. The assay results are shown
in Table 8.

The chromatograms were checked for
appearance of any extra peaks under
optimized conditions, showing no interference
from common tablet excipients and impurities.
Also the peak areas were compared with
standard and were found to be within limits.
As shown in chromatogram, two analytes are
eluted by forming symmetrical peaks. The
typical chromatogram of Decitabine and
Cedazuridine standard were shown in Fig. 3.

Conclusion

The developed RP-HPLC method for the
estimation of selected drugs is simple, rapid,
accurate, precise, robust and economical. The
mobile phase and solvents are simple to prepare
and economical, reliable, sensitive and less time
consuming. The sample recoveries were in good
agreement with their respective label claims and
they suggested non-interference of formulation
recipients in the estimation and can be used in
laboratories for the routine analysis of selected
drugs. The present work concluded that stability
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indicating assay method by RP-HPLC was
simple, accurate, precise, and specific and has
no interference with the placebo and degradation
products. Hence these can be used for routine
analysis of Decitabine and Cedazuridine.
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Abstract

Capecitabine is an orally-administered
chemotherapeutic agent used in the treatment
of metastatic breast and colorectal cancers.
Albumin nanoparticles indicated high drug
loading capacity in a composite with
biodegradability and biocompatibility. The aim
of the present study is to develop capecitabine
loaded albumin nanoparticles and their
evaluation. Capecitabine loaded albumin
nanoparticles were prepared by desolvation
method. The prepared nanoparticles were
characterised for mean particle size, zeta
potential, and drug loading capacity. The
process yields and drug loading ranged
between 66%w/w to 84.6%w/w and 5.06%w/w
to 15.36%w/w respectively. The mean particle
size of nanoparticle size of various batches F1
to F4 were found to be 151.18nm, 134.9nm,
178.8nm, and 151.3nm respectively. The zeta
potential of the batch F2 was found to be -
21.1mV. The drug release was ranged from
32.75% to 51.2% for 24h depending on drug
polymer ratio. The in vitro release studies
showed a biphasic release pattern with an
initial burst effect followed by sustained
release. Release kinetic model revealed that
the mechanism of drug release from human
serum albumin nanoparticles followed Fickian
model.

Keywords: Capecitabine, Human Serum

Albumin, desolvation method.

Introduction

Capecitabine is a potentially effective
anticancer drug which can be administered
orally. It is a prodrug of fluorouracil (1). The
fluorinated analogue of wuracil was first
synthesized in 1957. Fluorouracil is used as a
chemotherapeutic agent against various types
of solid tumours those of the head and neck,
prostate, breast, liver, pancreas, and
genitourinary and gastrointestinal tracts (2).
Capecitabine itself is not an active drug. It is
converted to activated 5-flurouracil through a
series of enzymatic steps. Selective conversion
of its final metabolite 50-deoxy- 5-fluorouridine
to 5-Flurouracil takes place within the human
cancer cells and in healthy liver tissue also.
The adverse effects associated with
capecitabine include cardiotoxicity, bone-
marrow depression, nausea and vomiting,
stomatitis, diarrhoea, dermatitis, etc... Both the
inclusion of the drug into replicating RNA and
depletion of thymidine causes cytotoxicity (3).
In order to reduce its toxicity and to enhance its
bioavailability Capecitabine can be formulated

to various formulations like extended-
release tablets, controlled release tablets,
microspheres, nanoparticles etc. (4)

Capecitabine can be formulated as a controlled
release dosage form which may provide
greater in vitro and in vivo antitumor activity,
and thus reduces its toxic side effects. The
controlled release can be achieved using
various biocompatible polymers (5).
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The adverse effects associated with
capecitabine include cardiotoxicity, bone-
marrow depression, nausea and vomiting,
stomatitis, diarrhoea, dermatitis, etc. Both the
inclusion of the drug into replicating RNA and
depletion of thymidine causes cytotoxicity (6). In
order to reduce its toxicity and to enhance its
bioavailability Capecitabine can be formulated
to various formulations like extended-release
tablets, controlled release tablets, microspheres,
nanoparticles etc. (7) Capecitabine can be
formulated as a controlled release dosage form
which may provide greater in vitro and in vivo
antitumor activity, and thus reduces its toxic side
effects. The controlled release can be achieved
using various biocompatible polymers (8).

Capecitabine oral administration
simplifies care and hence it is increasingly used
for off-label indication including monotherapy in
the advanced or metastatic cancers,
combination therapy in conjunction with other
drugs in the advanced or metastatic cancers,
and with radiation therapy for the neoadjuvant
treatment of rectal cancer (9). Capecitabine
offers the patients more freedom from hospital
visits as it can be taken by own and have less
inconvenience.(10) Its toxicity profile is
manageable, but it requires a strong recognition
and prompt intervention by the clinicians (11).

Nanoparticles are defined as particulate
dispersions or solid particles with a size in the
range of 10-1000nm (12). The drug dissolved,
entrapped, encapsulated or attached to
nanoparticle matrix. Nanoparticles have been
shown to increase bioavailability, decrease side
effects of highly toxic drugs, and prolong drug
release (13). The drug accumulation in cells is
particle size dependent with an increasing effect
for smaller particle size and highest efficiency
for the nanoparticles of around 100 nm.
Appropriate surface modification of NPs
enhances their localisation and specific
accumulation in cancer cells (14).

Materials and Methods
Materials

Capecitabine was a kind gift from
Shilpa Medicare Ltd. Raichur (India); Human

serum albumin and Glutaraldehyde were
purchased from SD Fine Chemical Ltd,
Mumbai, India; Ethanol was supplied by Shri
Maruti enterprises Pvt. Ltd. Mumbai; and all
other chemicals were used of analytical grade.

Method

Preparation of Capecitabine Loaded Albumin
Nanoparticles

The desolvation method was used for
the preparation of capecitabine loaded human
serum albumin nanoparticles (15). 10mM NaCl
solution was taken and accurately weighed
quantity of human serum albumin and the drug
capecitabine was dissolved in this solution.
Using 1M NaOH solution pH was adjusted to 7
to 8. Ethanol was added at a rate of 1ml/min
dropwise to the drug polymer solution under
magnetic stirring at the speed of 500 rpm until
the turbidity appears. After 30 min 25ul of 4%
vlv of glutaraldehyde was added as a cross
linking agent to this turbid solution and stirred
continuously for 8h at room temperature. The
nanosuspensions were purified by
centrifugation at 10,000 rpm for 10min. The
settled down nanoparticle mass was subjected
to freeze drying. The dried nanoparticles were
then stored in vials at 4°C.

Characterisation of Capecitabine Loaded
Albumin Nanoparticles

Drug - Polymer Compatibility Study

Any possible interaction between drug
capecitabine and polymer human serum
albumin were determined by drug polymer
compatibility studies. Required amount of
sample was taken in a motor and gently
triturated. The physical mixture of drug
capecitabine and polymer human serum
albumin is taken as sample. A little quantity of
this sample mixture was taken and placed in a
sample holder and scanned at 4000 cm” to
400 cm™ in Bruker alpha 2 analyzer. This study
was carried out for drug, polymer and physical
mixture of drug and polymer and also for
nanoparticles. The spectra obtained were

Nanoparticles for Breast Cancer
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compared and interpreted for functional group
peaks.

The physical state of capecitabine in
the nanoparticles was analysed by differential
scanning calorimeter (DSC). The thermogram
of the drug and nanoparticles gives
information regarding the physical properties
and melting point of the drug.

Determination of % Process Yield

To determine % process yield of
capecitabine loaded albumin nanoparticles
the final dried nanoparticles were weighed
and the yield was calculated with respect to
initial weight of capecitabine and human
serum albumin used for preparation of
nanoparticles (16).

Practical Yield
x
Theoretical Yield

Process Yield (%) = 100

Determination of % Drug Loading

The % drug loading was determined
by completely extracting the capecitabine
from known weight of capecitabine loaded
albumin nanoparticles in pH 7.4 phosphate
buffer. Weighed quantity of nanoparticles
were taken from each batch and the drug was
completely extracted using pH 7.4 phosphate
buffer.  The drug concentration was
determined by using a UV spectrophotometer
(Shimadzu 160A, Japan) at a wavelength of
295nm against blank and % drug loading was
calculated using the formula.

Actual drug content
X
Weight of NPs taken

04 Drug Loading =
L= {=1

Determination of Particle Size Distribution
and Zeta Potential

The nanoparticles size and
polydispersity were determined by Malvern
zetasizer (17). It is the routine method to
determine the mean hydrodynamic diameter
and the particle size distribution of

nanoparticles. The dynamic light scattering
measurement were done at 25°C with an angle
detection of 90° and 173°. The zeta potential of
nanoparticles was measured from the mobility
of the electrons of nanoparticles using laser
doppler electrophoresis via Malvern zetasizer.
The measurement was carried out at 25°C in a
carbon electrode cell.

Determination of Surface Morphology

The Transmission electron microscope
(TEM) is a type of electron microscope that
gives images of the sample surface by
scanning it with a high-energy beam of
electrons in a raster scan pattern.
Transmission  electron  microscopy was
performed to characterize the surface
morphology of the formed nanoparticles at 20
kV. Prior to examination, samples were gold-
coated to render them electrically conductive
and then examined under the microscope.

Determination of In Vitro Drug Release
Studies

The in vitro release studies of
capecitabine loaded albumin nanoparticles
were performed using dialysis membrane
method (18). The prepared nanoparticles
equivalent to 5mg of drug were placed in a
dialysis membrane and 5ml of pH 7.4
phosphate buffer. The membrane was knotted
at both ends and immersed in 50mL of pH 7.4
phosphate buffer, ensuring that it was
thoroughly immersed in the dissolution fluid. It
was stirred at 100rpm at 37 °C temperature
and the receptor compartment was closed to
prevent dissolution media from evaporating. At
predetermined time intervals 5ml of the
dissolution medium was withdrawn by
replacing fresh dissolution medium. The
amount of capecitabine released was
determined by measuring the absorbance at
295 nm using UV- Visible spectrophotometer.

Determination of Release Kinetics

Release kinetics studies was carried
out to understand the mechanism behind the

Nanoparticles For Breast Cancer



Current Trends in Biotechnology and Pharmacy

43

Vol. 16 (Supplementry Issue 2) 40 - 49, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.3s.61

release and to figure out the best fit plot with
the kinetic model (19). The data obtained from
the in vitro release studies were fitted to
various kinetic model such as Zero order,
First order, Higuchi model and Korsmeyer-
Peppas model.

Results and Discussion

The drug capecitabine was subjected
to various preformulation studies namely
solubility, melting point and drug-polymer
compatibility. The solubility of capecitabine in
10 mg/10 ml of solvent was carried out and it
reveals that it is soluble in water, phosphate
buffer pH7.4 and sparingly soluble in ethanol.
The melting point of capecitabine was found
to be 113°C and it was within the range,
which supports the drug to formulate into
nanoparticles.

Drug - Polymer Compatibility Study

Drug-polymer interaction was studied

were no changes in the IR spectra of pure drug
capecitabine in presence of albumin. Figure 1
which showed that the polymer did not alter the
performance characteristics of drug, thus
revealing compatibility of the selected drug with
the polymer.

Preparation of Nanoparticles

The preparation of capecitabine loaded
HSA nanoparticles was performed by
desolvation method using ethanol as a
desolvating agent. Four different batches were
prepared by varying the concentration of the
polymer HSA and keeping the drug
concentration constant Table 1.

The % process yield for capecitabine
loaded HSA nanoparticles was in the range
66%w/w to 84.6%w/w depending on the drug
polymer ratio. Due to the presence of many
binding sites in their molecules, protein
nanoparticles have a high drug loading

using FT-IR analysis and it showed that there  capacity. Covalent bonding, electrostatic
e e e —
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Fig 1. FT-IR Spectrum of drug, polymer, Drug-polymer mixture and nanoparticles

Table 1. Formula for Preparation Capecitabine Loaded Albumin Nanoparticles

S No Ingredients F1 F2 F3 F4
1 Capecitabine 10 mg 10 mg 10 mg 10 mg
2 Human Serum Albumin 10 mg 20 mg 30 mg 40 mg
3 10 mM Sodium Chloride solution 5ml 5ml 5ml 5ml
4 1% Glutaraldehyde 25 ul 25 ul 25 ul 25 ul

Nanoparticles for Breast Cancer
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attraction, and hydrophobic interactions are all
plausible drug loading methods. All carriers
should have a high drug loading capacity in
order to reduce the quantity of solid materials
required per millilitre of injection (20). Albumin
nanoparticles have showed a strong affinity
for a wide range of pharmaceuticals (21). The
drug loading into the albumin nanoparticles
can be achieved in two ways; pre-loading and
post-loading. We have employed the later
technique, in which the medication s
entrapped before the glutaraldehyde solution
is used to crosslink the molecules. The
prepared HSA nanoparticles showed a drug
loading capacity in the range of 5.06%w/w to
15.36%w/w. The table 2 represents the

process yield and the percentage drug loading
of different formulation of nanoparticles.

Particle Size and Surface Charge

The particle size was determined by
dynamic light scattering, using Malvern system.
The mean particle size of HSA nanoparticles
containing capecitabine was found to be
151.18nm, 134.9nm, 178.8nm, and 151.3nm
respectively (Fig. 2). The ability of
nanoparticles to alter the biodistribution and
pharmacokinetics of drugs, have important in
vivo therapeutic applications. In this respect,
the size and surface characteristics of
nanoparticles are of prime importance.

Table 2. Data of Process Yield and Percentage Drug Loading of F1 to F4

Batch Code Process Yield (w/w) Drug Loading (%w/w)
F1 73.1£0.786 5.06+1.234
F2 80.2+0.924 15.36+0.456
F3 84.6+0.916 7.97+1.098
F4 6610.745 5.82+0.976
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Fig 2. Particle size distribution of capecitabine loaded human serum albumin nanoparticles (F1- F4)
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Nanoparticles of fewer diameters with
hydrophilic surface have longer circulation in
blood. Such systems prolong the duration of
drug activity and also increase the targeting
efficiencies to specific sites. Smaller the size
of the particle better is the chance for
permeation. In addition to the albumin
concentration, pH also affects the coagulation
of albumin molecules (22). It was also
reported that pH also plays a vital role in
formation of particle. In this study, the pH of
solution mixture containing drug-polymer was
adjusted to 8 to enhance the electrostatic
repulsion which in turn minimizes the chances
of coagulation among albumin molecules
which otherwise may lead to the formation of
larger particles. Small particles, due to their
Brownian motion, can get adequate energy
through to keep them agitated preventing the
precipitation of nanosuspension and hence
enhances the stability. Polydispersity index
talks about the homogeneity of the particles.
Closer the value of polydispersity to zero
better is the homogeneity of the
nanoparticles. The zeta potential of the
nanoparticles was measured in 0.1 mM NaCl
using Malvern Zetasizer. Surface charge
plays a vital role in the stability of nanoparticle
suspension. Larger the value of zeta potential
more is the number of charged particles and
in turn more is the repulsion between the
particles, leading to the enhancement in the

stability of nanoparticles. Ideally the
nanoparticles with the zeta potential values
above 30 mV and below -30 mV are
considered to have better stability. Zeta
potential of HSA nanoparticles it was found to
be -21.1 mV (Fig. 3).

Surface Morphology

The surface morphology of
capecitabine loaded albumin nanoparticles was
studied by Transmission electron microscopy
and the study revealed that the nanoparticles
were spherical and uniform in size (Fig.4).

In Vitro Drug Release Studies

One of the main criteria to examine the
performance of a nanosystem before it is
utilized on a biological system is to assess its
in vitro drug release profile using a suitable
release media at physiological pH. This study
helps in understanding the release patterns of
the drug and thus give us an idea of what
modification might be required to achieve the
objective of the research. The in vitro release
of drug capecitabine from the various
nanoparticle formulations was carried out by
using dialysis method in 7.4 pH phosphate
buffer for 24 h. The slow sustained release is
highly desirable as it minimizes the drug
release from the nanoparticles before they

Result quality :

Mean (mV) Area (%) ‘Width (mV)
Zeta Potential (mV): -21.1 Peak 1: -21.1 100.0 653
Zeta Deviation (mV): 653 Peak 2: 0.00 0.0 0.00
Conductivity (mSicm): 1.33 Peak 3: 0.00 0.0 0.00

Totl Counts

Zeta Polential Distribution

-200 -100

Zeta Potential (mV)

Hecord 63: HEA 12 1

Fig 3. Zeta potential of capecitabine loaded human serum albumin nanoparticles (F2)
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reach the target organ/tissue. The results
shown in Fig. 5 indicated that the formulations
showed a sustained release of drug over a
period of 24 h. The cumulative percentage
release of capecitabine from prepared HSA
nanoparticles varied from 46.2%, 51.2 %,
4755 %, 3275 %. These results
demonstrated the sustained release of drug
from various formulations

Release Kinetics

The in vitro release data obtained from
formulations were fitted to various kinetic models
to reveal the drug release mechanism from
nanoparticles (Table 3 & Fig. 6). Diffusion
controlled drug release was observed with higher
r2 value in Higuchi model for all the formulations.
The diffusion exponent (n) value is used to
characterize different release mechanism in

Fig 4. Transmission electron microscopic image of capecitabine loaded human serum albumin

nanoparticles (F2)

60 In vitro release profile

%CDR

—8—F1
—8—F2
—eo—F3
—8—F4
15 20 25 30
Time (h)

Fig 5. In vitro drug release profile of capecitabine loaded human serum albumin nanoparticles
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Fig 6. Release kinetics of capecitabine loaded human serum albumin nanoparticles
Table 3. Data of release kinetics of capecitabine loaded human serum albumin nanoparticles
S Formulatio Release kinetics
No n Code
Zero order First order Higuchi Korsmeyer-
peppas
r* n r* n r* n r* n
1 F1 0.4449 2.703 0.4808 | -0.0141 0.7021 | 8.8662 | 0.8782 | 0.1589
2 F2 0.5099 | 5.7315 | 0.5745 | -0.0368 | 0.7704 | 18.395 | 08288 | 0.2518
3 F3 0.3759 | 4.0654 | 0.4203 | -0.0241 0.6398 | 13.849 | 0.7407 | 0.1518
4 F4 0.3371 | 1.9783 | 0.3551 -0.0099 0.593 6.8509 0.727 0.1171

Korsmeyer-Peppas model. The n value was
found to be in the range of 0.1171 and 0.2518
for all the formulations indicating that drug
release was controlled by anomalous diffusion,
i.e. the mechanism of drug release is controlled
simultaneously by diffusion and erosion of the
matrix type formulations.

Conclusion

Anticancer drug - capecitabine loaded
HSA nanoparticles were developed by

desolvation method. This method was able to
produce desired size and uniformly shaped
nanoparticles. All the formulations showed
good process yield and % drug loading.
Particle size analysis showed that the formed
particles were in nano size and the mean zeta
potential studies demonstrated that the
nanoparticles possess a negative surface
charge which indicates high degrees of stability
due to inter particle repulsions. The in vitro
drug release profile of all formulation was able
to sustain the release of drug for 24h. The
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release  kinetics data showed that
capecitabine release from nanoparticles was
diffusion controlled and the n value of
Korsmeyer- Peppas model indicates the
release mechanism followed Fickian model.
Based on this observation, it can be
concluded that the formulated nanoparticle
drug delivery system containing drug
capecitabine is safe and able to sustain the
release of drug for 24h. Overall it can be
concluded that the prepared nanoparticles
can be an efficient platform for the treatment
of breast cancer by animal studies furtherly.

Conflict of Interests

The authors that there is no conflict of
interests regarding the publication of this paper.

References

1. Ceylan Hepokura Ishak Afsin Kariper,
Sema Misir, Ebrunur Ay, Servet Tunoglu et
al., Silver nanoparticle/capecitabine for breast
cancer cell treatment. Toxicol In Vitro. 2019;
61:104600.

2. Wagstaff AJ, Ibbotson T, Goa KL.
Capecitabine A Review of its Pharmacology
and Therapeutic Efficacy in the Management
of Advanced Breast Cancer. Adis
International Limited. Drugs. 2003; 63 (2):
217-236

3. Muthadi Radhika Reddy, Hrushitha
Reddy M. Preparation and Development of
Capecitabine  Microspheres for  Colorectal
Cancer. J. Pharm. Sci. & Res. 2017; 9(1): 37-43.

4, Narendar Dudhipala, Goverdhan
Puchchakayala. Capecitabine lipid
nanoparticles for anti-colon cancer activity in
1,2-dimethylhydrazine-induced colon cancer:
preparation, cytotoxic, pharmacokinetic, and
pathological evaluation, Drug Development and
Industrial Pharmacy. 2018; 44 :10,1572-1582.

5. Suzuki M, Hori K, Abe |, Saito S, Sato
H. A new approach to cancer chemotherapy:
selective enhancement of tumor blood flow
with angiotensin Il. The Journal of the
National Cancer Institute. 1981; 67(3):663-9.

6. J K McGavin, KL Goa. Capecitabine A
Review of its Use in the Treatment of
Advanced or Metastatic Colorectal Cancer.
Adis International Limited. Drugs. 2001; 61
(15): 2309-2326.

7. Storp Bv, Engel A, Boeker A, Ploeger M,
Langer K. Albumin nanoparticles with
predictable size by desolvation procedure. J
Microencapsul. 2012; 29(2):138-46.

8. Ghadiria M, Farahania EV, Atyabib F,
Kobarfardc F, Hosseinkhani H. [In-Vitro
Assessment of Magnetic Dextran-Spermine
Nanoparticles for Capecitabine Delivery to
Cancerous Cells. Iranian Journal of
Pharmaceutical Research. 2017; 16 (4): 1320-
1334.

9. Kimura K, Yamasaki K, Nakamura H,
Haratake M, Taguchi K, Otagiri M. Preparation
and in Vitro Analysis of Human Serum Albumin
Nanoparticles Loaded with Anthracycline
Derivatives. Chem Pharm Bull. 2018;
66(4):382-390.

10. Zhao S, Wang W, Huang Y, Yuhang Fu
and Yi Cheng. Paclitaxel loaded human serum
albumin nanoparticles stabilized with
intermolecular disulfide bonds, Medicinal
Chemistry Communication. 2014;5(11):1658-
1663.

11. Sebak S, Maryam S, Meenakshi M,
Arun M, Satya Prakash K. Human serum
albumin  nanoparticles as an efficient
noscapine drug delivery system for potential
use in breast cancer: preparation and in vitro
analysis. Int J Nanomedicine. 2010; 5(1):525-
32.

12.  Jenita JL, Chocalingam V, Wilson B.
Albumin nanoparticles coated with polysorbate
80 as a novel drug carrier for the delivery of
antiretroviral drug—Efavirenz. International
journal of pharmaceutical investigation. 2014;
4(3):142-148.

13. Lu B, Xiong SB, Yang H, Yin XD, Chao
RB. Solid lipid nanoparticles of mitoxantrone
for local injection against breast cancer and its
lymph node metastases. Eur J Pharm Sci.
2006;28(1-2):86-95.

Nanoparticles For Breast Cancer



Current Trends in Biotechnology and Pharmacy

49

Vol. 16 (Supplementry Issue 2) 40 - 49, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.3s.61

14. Shenoy DB, Amiji MM. Poly(ethylene
oxide)-modified poly(epsilon-caprolactone)
nanoparticles for targeted delivery of
tamoxifen in breast cancer. Int J Pharm. 2005;
11;293(1-2):261-70.

15. Lopes T, Cuevas JL, Jardon G, Gomez
E, Ramirez P, Navaro O. Preparation and
characterization  of  antiepileptic  drugs
encapsulated in sol gel titania nanoparticles
as controlled release system. Med. Chem.
2015; S2: 003.

16. Rohiwal SS, Pawar SH. Synthesis
and characterization of bovine serum
albumin nanoparticles as a drug delivery
vehicle. Int. J. Pharm. Bio. Sci. 2014; 5(4):
51-57.

17.  Kumar PV and Jain NK. Suppression of
agglomeration of ciprofloxacin loaded human
serum albumin nanoparticles. AAPS. Pharm.
Sci. Tech. 2007; 8(1): E1-E6.

18. S.R. Mudshinge, A.B. Deore, S. Patil,
C.M. Bhalgat. Nanoparticles. Emerging

carriers for drug delivery, Saudi Pharm J. 2011;
19: 129-141.

19. M.C. Roco, C.A. Mirkin, M.C. Hersam.
Nanotechnology research directions  for
societal needs in 2020: summary of
international study. J. Nanoparticle Res. 2011;
13: 897-919.

20. J. Jeevanandam, A. Barhoum, Y.S.
Chan, A. Dufresne, M.K. Danquah. Review on
nanoparticles and nanostructured materials:
history, sources, toxicity and regulations.
Beilstein J. Nanotechnol. 2018; 9 1050-1074.

21. Wilson, T.V. Ambika, R.D.K. Patel, J.L.
Jenita, S.R.B. Priyadarshini. Nanoparticles based
on albumin: preparation, characterization and the
use for 5-flurouracil delivery. Int. J. Biol.
Macromol. 2012; 51: 84-88.

22. Rohiwal SS, Pawar SH. Synthesis and
characterization of bovine serum albumin
nanoparticles as a drug delivery vehicle. Int. J.
Pharm. Bio. Sci. 2014; 5(4): 51-57.

Nanoparticles for Breast Cancer



Current Trends in Biotechnology and Pharmacy

50

Vol. 16 (Supplementry Issue 2) 50- 59, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.3s.62

Development and Validation of Stability Indicating
RP-UPLC Method for Quantitative Estimation of
Safinamide Mesylate in Bulk and its Tablet Dosage Form

Madhu Medabalimi*, K. Saravanakumar and S.V. Satyanarayana

1JNTUA, Ananthapuramu-515002, Andhra Pradesh, India
2Department of Pharmaceutics, Sree Vidhyanikethan College of Pharmacy, A. Rangampet,
Tirupathi-517102, Andhra Pradesh, India
3Department of Chemical Engineering, JNTUA, Ananthapuramu-515002, Andhra Pradesh, India
*Corresponding author: creativemadhum@gmail.com

Abstract

Currently, there was an increasing
interest on the development of a simple, rapid
and sensitive method for safinamide mesylate
due to its well- documented anti parkinsonism
activity. This study aims to develop and
validate a UPLC method for determination of
the Safinamide mesylate in bulk and its tablet
dosage  forms. The  chromatographic
separation was achieved by using an
ACQUITY BEH C18 column (50 mm x 2.1
mm, 1.7 um; Waters), with an isocratic elution
of 0.02 M diammonium hydrogen phosphate
buffer pH 9.0 and Acetonitrile (80:20 v/v), at a
flow rate of 0.25 ml/min with the help of UV
detection at 272nm. The results of the
analysis were validated statistically as per the
International Conference on Harmonization
(ICH) guidelines. Linearity studies were
carried out in the range of 10 - 60 pg/ml and
the linear response (r2) was found to be
0.9999 with limits of detection and
quantification being 0.081 and 0.271ug,
respectively. The precision was performed by
analysis of standard and sample solutions of
SAF at working concentration level for six
times. The % RSD values of the system and
method precisions were found to be 0.527
and 0.324 respectively. Then, the precision of
the method was confirmed by intra-day and
inter-day analysis. The % RSD value of the
intra-day and inter-day precisions were found
to be 0.324, 0.531 respectively. Recovery
studies were performed for determining
accuracy of the method and the percentage

recovery was found to be 99.48-100.85%. The
Robustness were performed at different flow
rates and different temperatures, and the %
RSD value were found to be 0.5965, 0.6276
respectively. Thus, a highly sensitive, simple
and the stability indicating method were
developed for the estimation of SAF in bulk
and tablet dosage forms.

Keywords: Safinamide Mesylate, ICH
Guidelines, ACQUITY BEH C18 Column, Ultra
Performance Liquid Chromatography,
Diammonium Hydrogen Phosphate Buffer

Introduction

Safinamide Mesylate (SAF) is a novel
sodium and calcium channel blocker, capable
with selective and reversible inhibition of
monoaminooxidase type B (MAO-B) (1-7),
chemically, it is (S)-(+)-2-[4-(3-fluoro benzyloxy
benzyl amino) propanamide] methane
sulfonate. (Figure: 1) which acts as Neuro
protective with antiparkinsonian and
anticonvulsion activity for the treatment of
Parkinson’s disease (8-11). Along with these
activities, a well documented literature reports
that there are few analytical methods like
HPLC [12-14], HPTLC [15], LC-MS/MS (16,
17) are available for quantitative estimation
and therapeutic effectiveness of SAF in bulk as
well as formulation.

The development and validation of
analytical methods for the accurate detection
and quantification of active compounds in
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Figure: 1. Safinamide Mesylate

pharmaceutical samples with absence of
interference of degradation products are a key
consideration in the pharmaceutical field.
Assay of SAF was mainly focused on its
quantification by UPLC, mainly due to reward
in terms of sensitivity and accuracy. The use
of UPLC technology has been proposed to
get out of the drawbacks like reducing the
time of analysis and accordingly decreasing
the environmental impact by reducing solvent
consumption.

Herein we described the UPLC
method development and validation of SAF in
bulk and its tablet dosage forms for
quantification and it was optimized and
validated as per the ICH guidelines (18-20).

Material and Methods

Chemicals and Reagents: The SAF
reference standard with a purity greater than
98% was gratis from Radiant Pharma,
Mumbai, India. SAF tablets were purchased
from commercial stores within their shelf life
period. The reagents and solvents used
(Acetonitrile, diammonium hydrogen
phosphate) were of AR grade obtained from
Merck Chemicals, Mumbai, India.

Instrumentation and UPLC
Conditions: The estimation of SAF was
performed using Waters’ Acquity UPLC
system (Waters, Milford, MA, USA) equipped
with a quaternary gradient pump, auto
sampler, column oven, and photodiode array
detector and empower 2 software was used
for analysis. An ultrasonic device, a sensitive
balance, Sartorius analytic balance and a pH
meter, glass electrode, were used for the

preparation of solutions. Thermo Scientific
Heraeus microbiological incubator, Digital Dry
Baths, Labnet International and Spectroline E-
Series UV lamp were used for stability studies.

0.02 M diammonium  hydrogen
phosphate and acetonitrile in a ratio of
80:20 v/iv was selected as the mobile phase
and the pH was adjusted by adding liquid
ammonia (pH=9). The detector wavelength
was set at 272nm. The flow rate is maintained
at 0.25 ml/min, at an ambient column
temperature with 5 L injection volume.

Preparation of Mobile Phase: Freshly
prepared solutions of 200 ml acetonitrile and
800 ml of 0.05 M ammonium acetate are
transferred into a 1000ml standard flask and
mixed well. Adjust the pH to 9 by adding a
liquid ammonia solution with constant stirring
and then filtered through 0.45 mm membrane
filters.

Preparation of Stock Solution: The
stock solution of SAF was prepared by taking
100mg of standard and transferred into a 100
ml standard flask having mobile phase and
stirred continuously about 15 to 30 min. Finally
made the final volume with the same solution
to get the desired concentration (1mg/mL).

Preparation of Standard Solutions:
4 ml of stock solution of SAF was transferred
with a calibrated pipette into a 100 ml flask.
The final volume was made with the diluent to
get 40ug/mL.

Preparation of Sample Solution: 20
tablets of SAF were weighed, powdered and
transferred 673.45mg of powder which is
equivalent to 100 mg of SAF into a 100ml
standard flask with the mobile phase. Mix
thoroughly using a stirrer for half an hour and
made the final volume and filtered through a
0.45 mm filter. Further dilutions were made
with the same diluent to get the optimum
concentration of 40pg/mL.

UPLC Method Validation: UPLC
developed method was validated by performing
specificity/  selectivity, linearity, precision,
accuracy, stability and robustness according to
ICH guidelines for the estimation of SAF in bulk
and tablet dosage form.

RP-UPLC Method
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Linearity: Different dilutions were
prepared in the concentration range of 10-60
pg/ml of the stock solution (1mg/mL) of SAF.
A standard curve was plotted by taking the
peak area on ‘y’ axis and concentrations on ‘X’
axis. Regression analysis was used to
evaluate the linearity of the method by the
least square method.

Precision: The precision was
performed by estimating standard, sample
solutions of SAF (40ug/ml) at working
concentration level for 6 times. Further the
precision of the method was confirmed by the
analysis of the formulation for three times in a
day and one time in the three successive days.

Accuracy: Accuracy was established
by recovery studies, carried out by spiking a
known amount of SAF at three levels (20, 40
and 60pg/ml) to the tablet excipients. The
sample solutions were analyzed in triplicate at
each level and percentage recovery was
calculated. The accuracy was evaluated
based on the correlation between
experimental value and theoretical value.

Robustness: The Robustness of the
method was performed by altering the
parameters like flow rate, column
temperature. The method was analyzed at
different flow rates and at different column
temperatures using working standard and
sample solutions of SAF.

Specificity: The specificity was
verified by comparing chromatograms of the
standard solution, matrices spiked wth SAF
and a solution containing only matrices (blank
samples). In order to confirm the presence or
absence of interferences from matrices, the
peak corresponding to SAF was analyzed and
identified in each spiked matrix by UV spectra
between 250 and 370nm, peak purity and
retention time (from UPLC).

Forced Degradation: Forced
degradation studies were also performed to
know the stability of SAF. Acid hydrolysis and
alkaline hydrolysis were investigated by
adding hydrochloric acid (0.1 M HCI) and
sodium hydroxide (0.1 M NaOH) to the

standard solution of SAF, in order to prevent
temperature and photolytic degradation, these
solutions were kept at 25°C and protected from
light. After different periods of exposure,
solutions were neutralized and analyzed. To
evaluate peroxide degradation, to the standard
solution hydrogen peroxide (3% H,0,) was
added. UV degradation was performed by
placing the standard solution in a UV chamber
(250-370nm) with controlled temperature
(25°C). To assess the thermal degradation,
standard solutions were exposed to 70°C.

Results and Discussion

Method Development: Detection and
quantification of SAF have been analyzed by
using different methodologies including
chromatography and spectroscopy. Most of
chromatographic methods are time consuming.
In this study, UPLC method was selected
based on its ability to endorse ultra pressure
analysis and less time consuming with high
precision, therefore increasing analysis
efficiency.

Optimization of UPLC Method:
Initially, different ratios of mobile phase,
different column were ftried for better
separation of SAF. After performing various
trials, finally mobile phase with the ratio of
80:20 %v/v of 0.02 M diammonium hydrogen
phosphate buffer (pH 9.0) and acetonitrile and
Waters Acquity BEH C18, 50 x 2.1 mm, 1.7um
column were selected for analysis as they
produced a sharp and symmetrical peak with a
retention value of 0.285 at 272nm. The flow
rate was maintained all over analysis at 0.25
ml/min at ambient column temperature with the
injection volume was 5 pL (Figure: 2).

Optimized Chromatographic
Conditions: UPLC method development and
validation of SAF was carryout by using Waters
Acquity BEH C18, 50 x 2.1 mm, 1.7um
column, 0.02 M diammonium hydrogen
phosphate buffer pH 9 and acetonitrile as
mobile phase in the ratio of 80:20 vl/v.
Detection was done using a photo diode array
detector at 272 nm. The flow rate was

RP-UPLC Method
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optimized to 0.25 ml/min at ambient
temperature.

Application of Proposed Method to
Tablet Formulation: To determine the
concentration of SAF in tablets (Label claim:
100 mg per tablet), the contents of 20 tablets
were weighed, finely powdered and their
mean weight was determined. The powder
equivalent to 100 mg of SAF was weighed
and extracted with 100 ml of mobile phase; it
was sonicated for 20 min. The resulting
solution was filtered using 0.41um filter.

Method Validation: The proposed

guidelines in terms of its linearity, accuracy,
specificity, Intraday and interday precision,
robustness, ruggedness, LOD and limit LOQ.

Linearity (Calibration Curve): For
linearity study, aliquots of 10, 20, 30, 40, 50,
and 60 pg/ml of SAF from standard stock
solution were injected into the waters acquity
system (Figure: 3). The calibration curve was
plotted using concentration against peak area
and analyzed through least squares
regression. The assay was found to be linear in
the range from 10 -60ug/mL. The calibration
curve was linear with an average correlation

method was validated as per the ICH coefficient of r* 0.999. Hence the selected
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Figure: 3. Linearity Chromatograms of SAF; 10 ug/ml (a), 20 pug/ml (b), 30 ug/ml (c), 40 pg/mi (d),
50 pg/ml (e) and 60 pg/ml (f)
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concentrations were found to be linear
(Figure: 4). Results are shown in Table: 1.

Accuracy: The accuracy of the
method was performed by recovery studies.
A known quantity of Safinamide mesylate raw
material solutions was added at different
levels (50,100 and 150%). The peak areas
of the solutions were measured and
the percentage recovery was calculated.
The percentage recovery was found to be in
the range of 99.85-100.11% (Figure: 5).
Results of recovery data were shown in
(Table 2).

Specificity: The specificity of the
method was ascertained by analyzing blank,

between excipients and Safinamide mesylate.
Hence the method was specific (Figure: 6).

Precision: The precision was performed
by analyzing standard and sample solutions of
Safinamide mesylate at working concentration
level for 6 times. The % RSD value of system
precision and method precision were found to be
0.527 and 0.324 respectively. The amount
present in tablet formulation was in good concord
with the label claim. The results showed that the
precision of the methods was confirmed.

Further the precision of the method
was confirmed by intra-day and inter-day
analysis. The analysis of the formulation was
carried out for three times in the same day and

placebo, standard solution and tablet one time in the three consecutive days. The
formulation. There were no interferences results were shown in (Table: 3).
Calibration plot of SAF
10000000 -
y=12x+106
$ 6000000
<<
-
$ 4000000 -
-9
2000000 -
0 : : : : : |
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Figure: 4. Calibration Plot of SAF
Table 1: Linearity Data of SAF
S No Linearity Level Concentration (ug/ml) Area
1 25 10 2756378
2 50 20 4042136
3 75 30 5296681
4 100 40 6594914
5 125 50 7923328
6 150 60 9236630
Correlation Coefficient 0.9999
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Robustness: The Robustness were
performed at different flow rates (0.2ml/min,
0.25ml/min and 0.3ml/min.) and at different
column temperatures (20°C, 25°C, and 30°C)
by using working standard and sample
solutions of Safinamide mesylate. . The %
RSD value of flow rate variation and column
temperature variation were found to be

0.5965 and 0.6558 respectively (Figure: 7).
Results are shown in Table: 4.

Limit of Detection (LOD) and Limit of
Quantification (LOQ): In order to determine
detection and quantification limit, concentrations
in the lower part of the linear range of the
calibration curve were used. SAF solutions of 10,
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Figuure: 5. Accuracy Chromatograms of SAF; 50% (a), 100% (b) and 150% (c)
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Fig 6. Chromatograms of Blank (a), Placebo (b)

Table: 2. Accuracy Data of SAF

Sample Spiked Sample Weight Sample pg/ml pg/ml % % Mean
No Level (mg) Area Added Found Recovery Recovery
1 33.673 3631749 20.07 20.12 99.75
2 50% 33.673 3611606 20.07 20.01 100.29 99.91
3 33.673 3630428 20.07 20.13 99.70
1 67.345 6761150 40.13 40.15 99.95
2 100% 67.345 6781061 40.15 40.14 100.02 100.11
3 67.345 6805563 40.23 40.22 100.02
1 101.018 7304679 60.20 59.96 100.40
2 150% 101.018 77375024 60.20 60.26 100.09 99.85
3 101.018 7663028 60.20 59.64 99.06
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Table 3. Method Precision, System Precision, Inter Day Precision Data of SAF

56

s Method Precision System Precision Inter Day Precision Data
No
Peak Area % Assay Peak Area % Assay Peak Area % Assay
1 7222699 100.07 7219579 100.01 7278394 100.84
2 7242606 100.34 7289022 101.00 7283002 100.90
3 7218974 100.01 7289022 101.00 7293728 101.05
4 7276367 100.81 7216189 100.00 7209387 99.88
5 7265881 100.66 7216189 100.00 7218593 100.01
6 7232006 100.20 7214002 99.90 7218940 100.01
Average 100.35 100.31 100.45
SD 0.325 0.529 0.533
%RSD 0.324 0.527 0.531
o
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Figure: 7. Chromatograms of Untreated SAF (a), Acid-Degraded (b), Alkali-Degraded (c), Peroxide-
Degraded (d), UV Light-Degraded (e)

20, 30, 40, 50, and 60ug/ uL were prepared and
applied in triplicate. The LOQ and LOD were
calculated using equation LOD = 3.3xN/B and
LOQ 10xN/B, where N is the standard
deviation of the peak areas of the drugs (n = 3),
taken as a measure of noise, and B is the slope
of the corresponding calibration curve. Results
are shown in Table: 5.

Degradation Studies

Stress Degradation Studies: The
specificity of the method can be demonstrated
through forced degradation studies performed
under acidic, basic, oxidative, and ultraviolet light
conditions. A specific method should be able to
separate and equivocally identify the test
compound from the various degradation products

RP-UPLC Method
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(Fig. 7). All experiments were conducted in
triplicate (n=3). Results were shown in Table: 6.

Acid Hydrolysis: SAF (40 ug/ml)
was prepared in HCI (1 M). Aliquots were kept
at 25 °C for 24 h (Thermo Scientific Heraeus
microbiological incubator, USA) and 80°C

Table 4. Robustness Data of SAF

(AccuBlock™  Digital Dry Baths, Labnet

international, USA) for 12 h.

Base Hydrolysis: SAF (40 pg/mL)
was prepared in NaOH (1 M). Aliquots were
kept at 25 °C for 24 h (Thermo Scientific
Heraeus microbiological incubator, USA) and
80 °C (AccuBlock™ Digital Dry Baths, Labnet
international, USA) for 12 h.

S No | Parameter |Change | Peak Area | % Assay Oxidative Degradation: SAF
(40ug/mL) was prepared using 30% (v/v)
! 02 7157652 | 99.16 hydrogen peroxide (H,O,). Aliquots were
2 F(I%\’I\;nl}’l?]t)e 0.25 7243089 100.35 incubated at 25 °C for 24 h and 80 °C for 12 h.
UV Degradation: SAF (40ug/mL) was
3 03 7208459 | 99.87 prepared in the mobile phase and aliquots
4 20 7242750 | 100.24 were kept in clear plastic vials to avoid
unwanted UV absorption which may occur with
5 Temp (°C) 25 7250341 | 100.45 glass vials. Samples were then exposed to UV
light (365nm, Spectroline E-Series UV lamp,
6 30 7325339 | 101.49 Spectronics Corp, USA) for a duration of 7 h.

Table: 5. Analytical Performance Summary Data of SAF

S No Validation Parameter Results Acceptance Criteria
Accuracy (%Recover
1 ! y('(rog) very) Mean Recovery 101 % % Recovery - 98% to 102%
2 Precision (n=6) Mean assay -100.35 % Mean assay — 98% -102%
% RSD - 0.324 % RSD should be < 2
3 Linearity I R? = 0.995
4 Degradation Studies Mean Assay — 90.775% The assayssgﬂl;lgo/t:e between
. . . o _
(Acid, Base, Light, Peroxide) % RSD — 1.619 % RSD should be < 2
5 Limit of Detection 0.1454 pg/mi --
6 Limit of Quantification 0.4408 pg/ml --

Table: 6. Degradation Studies in Different Stress Conditions

Nature of the Sample Sample Area % Assay Difference of Assay
Acid 4242136 89.25 10.75
Base 4273248 90.64 9.36
Peroxide 5696681 92.78 7.22
uv 5526886 90.43 9.57
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Discussion

SAF is a novel drug with multiple
actions to treat Parkinson's disease which is a
neurodegenerative disease. A  stability
indicating UPLC method was developed and
validated for the quantitative determination of
a Safinamide in tablet dosage form. The
optimum concentration of SAF was found to
be 40ug/ml. The chromatographic separation
was achieved by using an ACQUITY BEH
C18 column (50 mm x 2.1 mm, 1.7 um;
Waters, USA), with an isocratic elution of 0.02
M diammonium hydrogen phosphate buffer
pH 9.0 and Acetonitrile (80:20, v/v), at a flow
rate of 0.25 ml/min with UV detection at
272nm. The results of the analysis were
validated statistically as per the ICH
guidelines. Linearity studies were carried out
and the linear response (r2 = 0.9999) was
observed in the range of 10 - 60ug/mL with
limit of detection (LOD) and quantification
(LOQ) being 0.081 and 0.271 g,
respectively.

Precision was performed by injecting
six replicate solutions of Safinamide
standards and samples having the
concentration of 40ug/ml. The % RSD value
of system precision and method precision
were found to be 0.527 and 0.324
respectively. The accuracy of the method was
performed by recovery studies. The
percentage recovery was found to be in the
range of 99.48-100.85%. The Robustness
were performed at different flow rates and
different temperatures, and the % RSD value
were found to be 0.5965, 0.6276 respectively.
Hence the proposed method was successfully
applied to a routine analysis of Safinamide
mesylate in bulk and in tablet dosage form.
Analytical performance summary data of
Safinamide mesylate are shown in Table 6.

Conclusion

In the present study, a simple, rapid,
sensitive and accurate UPLC method was
successfully developed and validated for the
quantitative determination of Safinamide in
bulk and tablet dosage form. The results

demonstrated a highly sensitive and selective
method, without any interferences from the
matrices and degradation products, able to
quantify Safinamide mesylate with precision,
accuracy and robustness. Hence it was
concluded that the developed analytical
method was successfully used for the routine
quality control analysis of the Safinamide in
marketing tablet dosage form.
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Abstract

A simple, sensitive, precise, accurate,
rapid, and reproducible HPLC method was
developed and validated for the determination
of Favipiravir (RdRp of RNA viruses) in
pharmaceutical dosage form. Good quality
chromatographic separation of Favipiravir
(FAV) was conceded out by using Nucleosil
C4 column (4.6 mm id., X 250 mm., 5 ym
particle size) (based on 99.999 % ultra-high
purity silica) using mobile phase consisting
acetonitrile: methanol: HPLC Grade water
(50:40:10 % v/v) at flow rate of 1 ml/minute.
The Amax of the Favipiravir was found to be
365 nm. The retention time of Favipiravir was
found to be 2.794 min and the calibration
curve was linear function of drug in the conc.
range of 10-50 pyg/mL (r2 =0.9998). The LOD
and LOQ were found to be 1.042995 ug/mL
and 3.160591 pg/mL respectively. The
recovery (accuracy) studies were performed
and the percentage recovery was found to be
99.34 - 9942 %. Percentage assay of
Favipiravir tablets were found to be 99.85 %.
Infact the % RSD values for all validation key
parameters were less than 2 %. Thus, the
developed method found to be fruitfully
practicable for the determination of Favipiravir
in quality control analysis in pharmaceutical
formulations.

Keywords: RP - HPLC,
Validation, ICH guidelines.

Favipiravir,

Introduction

The chemical name for FAV is 6-
fluoro-3-hydroxypyrazine-2-carboxamide. It

has molecular formula CsH4FN3O, and a
molecular weight of 157.104 g/mol. FAV is an
antiviral used to manage influenza, and that
has the potential to target other viral infections
(1). Literature Survey, it is revealed that the
drug has been estimated by UV Spectroscopy
(2) UPLC MS/MS (3), LC-MS/MS (4,5), HPLC
(6-8) But only a few UV Spectroscopic
methods and Liquid Chromatography analyses
have been reported for the determination in
pharmaceutical dosage forms. In general view,
HPLC has been proven to be useful in
diagnostic purposes and the pharmaceutical
industry. The aim and Objective of the present
work was to develop and validate a rapid,
precise, and sensitive  for FAV in
pharmaceutical dosage form. The chemical
structure of FAV is shown in (Figure 1).

Materials and Methods
Chemicals and Reagents

Sample of FAV was gifted from Hetero
Labs Ltd., Hyderabad, India. HPLC grade
Methanol, HPLC grade Acetonitrile, HPLC
grade Water, AR grade Triethylamine, AR
grade Sodium Hydroxide and AR grade ortho
phosphoric acid were purchased from Merck
specialties Pvt. Ltd., Mumbai, India and AR

grade potassium dihydrogen phosphate
purchased from Glaxo SmithKline
Pharmaceuticals Ltd., Mumbai. Other

excipients were prepared in our laboratory.

Instrumentation

For the detection of sample using UV,
ELICO SL-210 spectrophotometer, having 1
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cm matched quartz cells, was used for all
spectral and absorbance measurements, and
solutions were prepared in methanol,
acetonitrile and HPLC grade water (50:40:10).
For HPLC, the chromatographic system used
consists Agilent technologies-1260 series with
G1311C Quat pump VL, Thermo scientific C+g
column, 1260 series with G1511D DAD VL.
having diode array detector was used for
higher data quality for more confidence. The
data that was acquired, was processed by
utilizing EZ chrome elite software.

Method Development and Optimization of
Chromatographic Conditions

For HPLC development, a variety of
mobile phases containing HPLC grade water,

o]
7 N
~ NH,
i
N OH

Fig 1. Chemical Structure of FAVIPIRAVIR

acetonitrile, methanol in different ratios with or
without buffers, and also various flow rates
were performed. A good symmetrical peak was
found when the mobile phase containing of a
mixture of acetonitrile: methanol: HPLC grade
water (50:40:10% v/v).

Selection of Detection Wavelength

The UV spectrum of diluted solutions
of various concentrations of FAV in methanol
was recorded by using UV spectrophotometer.
The wavelength of maximum absorbance was
scanned over a range of 200 - 400 nm and the
UV overlay absorption spectrum is represented
in (Figure 1a). The maximum absorbance was
found at 365 nm.

Preparation of the Mobile Phase

Mobile phase consisting a mixture of
acetonitrile: methanol: HPLC grade water
(50:40:10 % v/v) was prepared and filtered
through Whatman'’s filter paper and degassed
by sonication.

Preparation of Standard Stock Solution

Exactly weighted 100 mg of FAV was
transferred into 100 ml of volumetric flask,
dissolved and diluted up to the mark with
mobile phase to get stock solution containing

Absorhance {Abs)

— Series
— 0.2mcg
— 0.4mcg
— 0.6mcg
— 0.8Bmcg
— 1.0mcg

2000 22200 Z40.0 2600 ZE00 3000 3200
Wavelength (nm)

Fig 1a. Overlay Spectrum of FAV for UV Method
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1.0 mg/mL of FAV. Aliquots from stock
solution were diluted with mobile phase
to attain the calibration standard solutions
over the range of 10, 20, 30, 40, 50 pg/mL
FAV for high pressure liquid chromatographic
method (n=5). As a matter of fact, the
calibration curve was constructed by plotting
the peak area on Y- axis and concentrations
on X-axis.

Preparation of Sample Solution

For the assay twenty tablets
containing FAV were precisely weighed and
was shifted into a cleaned and dry mortar and
ground to a fine powder and mixed
homogenously. An exactly weighed amount of
powder equivalent to 100 mg of FAV was
taken and transferred into a 100 ml volumetric
flask. The drug was extracted with  mobile
phase. The mixture was sonicated for 10
minutes and volume was filled up to mark and
filtered through whatman filter paper and
degassed by sonication. From this stock

solution 4.0 ml was transferred to 100 ml
volumetric flask and diluted with the mobile
phase to obtain an intermediate solution of 40
pg/mL of FAV. Indeed, this solution was filtered
through whatman filter paper, degassed by
sonication and 20 pL was injected in
chromatographic  system. Infact sample
solution was injected in to the developed high
performance liquid chromatographic system
and area of the peak was measured and
percent assay was determined.

Method Development Optimization

The optimized HPLC conditions of
several mobile phases with different
compositions have been tested to develop an
optimized chromatographic conditions like
tailing factor, peak shape, and the number of
theoretical plates as shown in (Table 1). For
the selection of the mobile phase, primarily
acetonitrile: methanol: HPLC grade water has
been tested for different compositions.
Eventually, the gradient mode and mobile

Table1. Optimized Chromatographic Conditions for FAV

Parameter

Chromatographic conditions

Agilent SPD 20A prominence UV- Vis detector LC-20AT

Instrument prominence liquid chromatograph, 1260 Quat Pump VL,1260
Diode Array Detector

Column N_ucleosil C18 column (4.6 mm_i.d., X_ 25(_)_mm., 5 pym particle
size) (based on 99.999% ultra high purity silica)

Detector 1260 Diode Array Detector.

Mobile phase ACN: MeOH: HPLC Grade Water (50: 40:10 v/v)

Flow rate 1 mL/minute

Detection wave length UV at 365 nm

Run time 12 minutes

Temperature Ambient temperature (25°C)

Volume of injection loop 20 uL

Retention time (Ry) 2.794

Theoretical plates [th.pl] (Efficiency) 6051

Theoretical plates per meter [t.p/m] 12102

Tailing factor (asymmetry) 1.20

RP-HPLC Method for Determination
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phase containing a mixture acetonitrile:
methanol: HPLC grade water (50:40:10% v/v)
at a flow rate of 1 ml/ minute was found to be
satisfactory and proper system suitability
parameters obtained as shown in Table 2.

Method Validation (9,10,11,12,13)

Validation is the process of
establishing documented evidence, which
provides a high degree of assurance, that a
specific activity will consistently produce
desired results or products, meeting its pre-
determined  specifications and  quality
characteristics. The method was validated as
per ICH guidelines (14).

System Suitability

System suitability parameters can be
defined as tests to ensure that the method
can generate results of acceptable accuracy
and precision. The requirements for system
suitability are usually developed after method
development and validation has been
completed. The system suitability parameters
like theoretical plates, retention time, tailing
factor, were studied and found satisfactory.

Table 2. System

Specificity

Specificity of the method was
evaluated by assessing whether excipients and
other additives that are usually present in
pharmaceutical formulations of FAV do not
interfered with the peaks of the analyte under
optimum conditions as shown in Table 3.

Linearity

The linearity of the method was
determined at five concentration levels ranging
from 10-50 pg/ml for FAV. Evaluation of the
drug was performed with a PDA detector at
365.0 nm peak area was recorded for all the
peaks. The correlation coefficient value of FAV
was found to be 0.9998 as shown in Table 4.

Accuracy (Recovery Studies)

The accuracy of the method was
evaluated by standard additon method.
Recovery tests were carried out by analyzing
drug with different compositions. Known amounts
of standard drugs were added to pre analyzed
sample at three different levels 10%, 30%, 50 %
and the mixed standard solutions were analyzed
in triplicate at every level as per suggested

suitability parameters

System suitability parameters FAV

Tailing factor (T)* 1.20

Number of theoretical plates 6051
Theoretical Plates per meter (N)* 1,21,020
Retention time* 2.794 minutes
Peak area* 702331

SD for peak area 4.324349662
% RSD for peak area 0.000615712

*Average of six determinations, SD = Standard deviation, RSD = relative standard deviation.

Table 3. Results of

Specificity Study for FAV

Name of the Solution

Retention Time (tr) Minutes

Mobile phase (blank)

No interference at RT of analyte peak

Placebo

No interference at RT of analyte peak

FAV 50 yg/mL (sample)

2.793 minutes

RP-HPLC Meth

od for Determination
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method. The accepted limits are 98 % - 105 %
and all observed data are within the required
range which indicates good recovery values and
hence the accuracy of the method developed.

Precision

Method precision was determined by
performing assay of sample under the tests of
repeatability (Intraday precision) and intermediate
precision (Interday precision) performed during
three consecutive days by three different
analysts, at different working concentrations. The
percent relative standard deviation (% RSD) was
calculated which is within the acceptable criteria
of not more than 2.0.

Robustness

The robustness of an analytical
procedure is the measure of its capacity
to remain unaffected by small but deliberate
variations in  method parameters and
provides an indication of its reliability
during normal usage. For the determination
of a method’s robustness, parameters such
as variation in detector wavelength are
varied within a realistic range and the
quantitative influence of the variables is
determined. If the influence of the parameter is
within a previously specified tolerance, the
parameter is said to be within the method’s
robustness range. The absorbance was

Table 4. Linearity Data of FAV by HPLC

S. No Concentration (ug/m) Retention Time (RT) Minutes Peak Area, mV.s.

1 0 - 0

2 10 2.793 147397

3 20 2.793 281672

4 30 2.794 429690

5 40 2.793 69493

6 50 2.793 702331

Table 4a. The Summary Output of ANOVA Study of FAV
SUMMARY OUTPUT

Regression Statistics

Multiple R 0.99985
R Square 0.9997
Adjusted R Squ 0.99959
Standard Error 4448.22

Observations 5
ANOVA

df ) MS F
Regression 1/1.95E+11 1.95E+11 9873.01
Residual 3 5.98+07 2E+07
Total 4 1.95E+11

Coefficien Standard t Stat P-value
Intercept 6809.9 4665.33 1.45968 0.24049
X Variable 1 13976.9 140.665

99.363 2.25E-06 13529.231

Significance F
2.25E-06

Lower 95% Upper 95% Lower 95. Upper 95.0%
-8037.254 21657.05 -8037.3 21657.1
1442455 13529.2 144245

RP-HPLC Method for Determination
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measured and assay was calculated as
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Analysis FAV in Tablet Formulation
FAV standard solution and FAV

shown in Table 5.
Linearity and Range

A graph of peak area versus
concentration (ug/mL) were plotted for FAV at
concentration range between 10-50 pg/ml.
The linear regression equation and correlation
coefficient (r2) were y = 14074x + 3242.8 and
0.9998 respectively.

LOD and LOQ
LOD

Limit of Detection is the lowest
concentration in a sample that can be
detected, but not necessarily quantified under
the stated experimental conditions.

LoQ

The limit of quantitation is the lowest
concentration of analyte in a sample that can
be determined with acceptable precision and
accuracy.

sample solution were prepared. The samples
were analyzed using the developed
chromatographic method and the % content of
the FAV in the tablets was estimated. The %
content of the FAV was calculated using the
following formula.

AT/AS x WS/25 x 9/100 x 250/5 x 100/5 x
P/100 x 100/LC

Where, AT = Peak area response of FAV in the
chromatogram obtained from the test solution.
AS = Average peak area response of FAV in
the chromatograms obtained from replicate
injections of standard solution.

WS = Weight of FAV standard taken in mg in
standard solution.

P = % Purity of FAV standard.

LC = Label claim of FAV in mg per tablet.

Results and Discussion

The objective of the proposed work
was to develop some new, sensitive and

Table 5. Robustness Results of FAV

S No Parameter optimized Used . Retentlon_ Plate Peak Remark
time (tr), min| count asymmetry’
Change in flow 0.8 mL/min 2.896 9,054 1.20 *Robust
t
rate 10mUmin | 1.0mUmin | 2794 | 8,998 121 *Robust
1. (£0.2
mL/minute) 1.2 mL/min 2.673 8,834 1.3 *Robust
Detection 364 nm 2.794 8,790 1.1 Robust
2. wavelength 365 nm 365 nm 2.794 8,998 16 Robust
(x1 nm) 366 nm 2.794 8,890 12 Robust
45:45:10
2.684 8,634 1.8 *Robust
Mobile phase viv
composition | 540110 [ 50:40:10
3. (Acetonitrile 2.794 8,998 14 *Robust
MethanolHPLC| VWV viv
Grade water) 40:40:20
2.854 8,713 1.22 *Robust
viv
Acceptance criteria (Limits): *Peak Asymmetr (AS) < 1.5, ¥ Plate count (PC) > 2000, * Significant change]
in Retention time

RP-HPLC Method for Determination
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selective  analytical method for the
determination of FAV and to validate the
developed method according to the ICH
guidelines and applying the same for its
estimation in marketed formulation. FAV is a
purine analogue and is incorporated in place
of guanine, adenine and inhibits viral
replication. Literature survey reveals that very
few analytical methods have been reported
for the determination of FAV in bulk and
pharmaceutical dosage form. Hence, on the
basis of literature survey it was thought to
develop a rapid, precise, accurate, simple,
specific and reliable RP-HPLC methods for
routine analysis of FAV in bulk and
pharmaceutical dosage forms. In HPLC
method, the conditions were optimized to
obtain an adequate separation of eluted
compounds. Initially, various mobile phase
compositions were tried to separate title
ingredients. The objective of this study was to
develop a rapid and sensitive RP-HPLC
method for the analysis of FAV in bulk drug
and pharmaceutical dosage form by using the
most commonly employed C;s column with
UV-detection. Initially, various mobile
phase compositions were tried (numerous
trials were performed) to elute the drug. From
all the trials finally awesome reproducibility

66
tailing and short runtime were identified
when mobile consisting of Acetonitrile:

Methanol: HPLC Grade water in the proportion
of (50:40:10 v/iv) and 1 mL/minute flow
rate was selected. The retention time for
FAV was found to be 2.794 min. The
calibration was linear in the concentration
range of 10 — 50 pg/mL for FAV. Calibration
graph of FAV is shown in Fig 2, and standard
chromatograms of FAV are shown in Fig 3 —
3d. Specificity of the chromatographic
method was tested by injecting sample
concentration  prepared from  marketed
formulation. The response was compared
with that obtained from the standard drug.
The chromatogram confirms the presence of
FAV at 2.794 minutes without any interference.
Precision study was determined to find
out intra-day and inter-day variation in the
test methods of FAV for 3 times on the same
day. The % RSD of the intra-day and inter
day precision obtained was <2 which indicates
that the proposed method is precise.
Method validation following ICH guidelines
indicated that the developed method had high
sensitivity with LOD 0f1.0429 pg/mL and LOQ
of 3.1605 pg/mL. The robustness of an
analytical method was determined by analysis
of aliquots from homogenous lots by differing
physical parameters such as change in flow
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Fig 2. Calibration Graph of FAV by RP- HPLC
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rate to 1.0 £ 0.2 mL and changing detection
wavelength 365 nm £ 1 nm and mobile phase
composition change to 50:40:10 v/v = 5 v/v.
The obtained values were given in Table 6.

1

These values indicated that the method was
quite robust. The proposed method was
validated in accordance with ICH parameters
and was applied for analysis of the same in

DAD: Signal A, 365 no/Bw: 4nm
Favipiravir 10 meg

Retention time

Area

Fig 3. Standard Chromatogram of FAV (A) (20 ug/mL), (B) (30 pg/mL), (C) (40 ug/mL), (50 pg/mL)
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I

Fig 4. Sample Chromatogram of FAV

marketed formulations. The content of each
component in the formulation was estimated by
comparing the peak area of the test sample with
that of the peak area of the standard which were
found to be 99.85 % w/w for FAV sample
chromatogram representing marketed
formulation was shown in Fig 4. The
development of an analytical method for the
determination of drugs by Reverse Phase HPLC
has received considerable attention in recent
years because of their importance in quality
control of drugs and drug products. Hence, the
developed RP-HPLC methods can be adopted
for the routine analysis of FAV in bulk and
pharmaceutical dosage forms in quality control
laboratories.

Conclusion

The present study demonstrated
validated Reverse Phase High Performance
Liquid Chromatography method for the
determination of FAV available as tablet dosage
form. The method was completely validated and
showed satisfactory results. The method was
free from interference of the other active
ingredients and additives used in the
formulation. The RP-HPLC method for the
determination of FAV has various advantages
like low solvent consumption, less retention
time, excellent peak symmetry, highly sensitive,
precise, accurate and robust. In fact, results of
the study indicates that the developed methods
were found to be accurate, precise, linear,

sensitive, simple, economical, reproducible have
short run time which makes the method rapid.
Hence it can be concluded that this method may
be employed for the routine quality control
analysis of FAV in active pharmaceutical dosage
forms.
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Abstract

Vanadium metal complexes based on
wide range of the ligands have been explored
at a greater extent for their various biological
potential, in the recent times. Schiff bases are
one of such fascinating ligands with donor
sites varying according to the ketone or
aldehyde group used. Based on these, a
novel PS1V1, bis-vanadium complex was
synthesized using schiff base backbone. It
was characterized by using UV, FTIR, EPR
and Mass spectral studies. The DNA binding
ability of the characterized complex, PS1V1,
was explored using UV and Fluorescence
spectroscopic techniques. Furthermore, DNA
binding mode of PS1V1 was also ascertained
using competitive fluorescent displacement
assay performed in the presence of minor
groove biding agent, Hoeshcst.

Keywords: Vanadium complexes, Piperonal,
Schiff base, DNA interaction, DNA binding
Introduction

Metal complexes have developed as
Metallodrugs due to their multifaceted

biological applications. The discovery of
cisplatin, has paved a path in
metallopharmaceutical field and

chemotherapy as a DNA intercalator (1). The
severe clinical side effects and thus limited
therapeutic therapeutic efficiency of platinum
based drugs have triggered a research in
other metal core compounds (2).

In current times, the application of the
metal complexes as anti proliferative, apoptotic

and cytotoxic agents (3-6) has been reported in
detail. Vanadium is a bio essential element,
playing an important role in signal transduction.
Currently, vanadium based metal complexes
have been explred as chemotherapeutic
compounds due to their wide scope of biological
applications such as insulin mimetic (7,8),
antibacterial (9), antioxidant (10) and anticancer
(11,12) activities. Few diketone and hydrazone
based vanadium complexes have also exhibited
oxidative DNA cleavage and DNA binding
efficacies (13,14). A number of piperonal based
Schiff bases ruthenium(ll) (15) complexes have
been reported for cytotoxic activity.

We report, herein, the synthesis and
characterization Schiff base based vanadium
complex, PS1V1. Furthermore, its DNA binding
mode has also been explored elaborately using
spectroscopic techniques.

Experimental
Materials

All the chemicals were purchased from
commercial sources and used without further
purification for the experiments. 4-
chlorobenzhydrazide, Piperonal (1,3-
benzodioxole-5-carbaldehyde), Vanadyl acetyl
acetone were purchased from Sigma Aldrich. All
the solvents such as acetonitrile, methanol,
ethanol and diethyl ether were purchased in AR
grade and used. CT DNA, Tris HCI buffer and
Hoechst 33258 were procured from Merck Genei.

Methods

Electronic spectra were recorded on a
JASCO UVVIS-NIR-V-670 spectrophotometer.
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FTIR spectra were measured using KBr
pellets on a Shimadzu IR affinity-1CE model
with resolution IV. MS spectra were recorded
by GCMS instrument. EPR was recorded on a
JEOL Model JES FA200 instrument. The
fluorescence spectra were recorded on a
Hitachi F-7000 FL Spectrophotometer UV
absorbance of commercial calf thymus DNA
in a buffer gave an absorption ratio
(A260/A280) of about 1.9:1, indicating that the
DNA was sufficiently free from protein. The
concentration of DNA was determined using
molar extinction coefficient of 6600M-1cm-1 at
Amax 260nm. All the experiments were
carried out in a Tris buffer pH 7.2 in Mili-Q
triply deionized water.

Synthesis of Ligand PS1

Methanolic solution of 4-
chlorobenzhydrazide (1mmol) was added to
the methanolic solution of piperonal (1mmol)
and mixture was refluxed for an hour in the
presence of acetic acid. The resultant pale
yellow color hydrazone product was filtered
and washed with petroleum ether. It was
characterized using UV, FTIR, NMR and
mass spectral studies.

Synthesis of Complex PS1V1

10 ml of hot methanolic solution of
vanadyl acetyl acetone (1mmol) was added
dropwise to the 10 ml of hot methanolic
solution of ligand PS1 (3mmol). The reaction
mixture was refluxed for 2h. PS1V1 = Yield:
58%. Green solid. Anal Cald. For
C30H26CIoN4O7V: C: 53.75, H: 3.01, N: 8.36.
Found: C: 53.73, H: 3.00, N: 8.34. UV-Vis
(methanol): Ayax (MeOH)/nm (,dm- 3mol-1cm-
1) 220(79,850), 345(61,500), 680(6550). FT-
IR (KBr, vmax/cm'1): 1649 (C=0), 1597(C=N),
939 (V=0). ESI-MS Calcd for
C39H26CIoN4O7V: 675.19 , Found: 675.26.

DNA Binding Experiments

UV Absorption spectral titration
experiments were carried out by monitoring
the electronic spectrum of 20uM of the
complex in the presence of varying CT-DNA
concentrations (0 -120uM). The fluorescence
study was carried out at the constant complex

The complex
characterized by spectral, elemental and analytical
techniques and found to be air stable.

concentration of 100 pM with varying
concentrations of DNA from 0 to 120uM
dissolved in Tris HCI buffer.

Results and Discussion

Fig.1 were synthesized and

Ultraviolet spectroscopy

The UV-visible spectra of complex
PS1V1 is shown in Fig. 2 The vanadium
complex, PS1V1, has shown the intraligand -
T transition at 220 nm and strong metal ligand
charge transfer at 345 nm and the complex has
shown d-d transitions at 680 nm.
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Fig 2. UV-Visible Spectrum of the Complex
PS1V1
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Fig 3. FTIR Spectrum of the Complex PS1V1

IR Spectral Analysis

The FTIR spectrum of complex
PS1V1 is shown in Fig. 3. FTIR stretching
band of carbonyl carbon was found to be
significantly reduced at 1597cm’” compared to
the ligand PS1. The typical V=0 stretching
frequency was observed at 939cm™.

EPR Spectra
The EPR spectra Fig. 4 for the
complex in polycrystaline form at RT

displayed g value of about 1.925.
Mass Spectral Analysis

The Mass spectrum of the complex is
shown in Fig. 5. The mass spectrum of the
complex was recorded in the methanol and
M* peak was observed at 675.25 m/z

DNA Binding Studies
UV Absorption Titration

The binding mode of complex PS1V1
was assessed by UV absorption titration with
calf thymus (CT) DNA. The UV spectra of
20uM solutions of in the absence and with
successive increment of CT DNA are shown
in Fig.6. The typical hyperchromic effect with
negligible shifts in absorption maxima was
observed in the bands of the complex (Fig. 6)
indicating the groove binding nature. The
intrinsic binding constant K, with the help of
the absorbance spectra of the same. K, was
calculated using the formula (16),

e
=g

i

{

§
13

Brbhms Comrpann Datmhnaiyss 45

Fig 5. ESI MS Spectrum of the Complex PS1V1
(DNA)/ (ea- &) = (DNA)/ (ea- &) + 1/ Kp (€o- &)

where, ¢ & and €, correspond to
Aobsa/(PS1V1), the extinction coefficients for
free vanadium complex and that of vanadium
complex in fully bound form, respectively.
Intrinsic binding constant for complex PS1V1
was found to (2.05 + 0.09) x 10°M™".
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Fig 7. Fluorescence Emission Spectrum of the
Complex PS1V1 with CT DNA

Fluorescence Spectral Studies

Emission spectral titrations were carried
out to ascertain the binding mode of the
complex PS1V1 with CT DNA. Complex PS1V1
was excited at 274nm. The emission maximum
of the complex was observed in the presence of
DNA. The successive addition of DNA resulted
in the quenching of the emission intensities of
both the complexes thus suggesting a groove
binding mode rather than intercalation (Fig 7)

Fig 8. Fluorescence Emission Studies of the
Complex PS1V1 in the Presence of Hoechst-
DNA

supporting the results of absorption spectral
studies. K, value for PS1V1 was found to be (2.3
+0.012) x 10°M™.

Competitive Fluorescence Displacement
Assay

The Hoechst-CT DNA complex
containing was excited at 355nm and
fluorescence emission spectra were recorded
at 480nm by titrating with increasing
concentrations of complex. The quenching in
the emission intensity of the Hoechst bound
DNA was observed (Fig. 8), supporting a
groove binding nature. K, value for PS1V1
was found to be 0.94x10° M™.

Conclusion

PS1V1, vanadium complex was
synthesized based on Schiff base ligand and
was characterized using UV, FTIR, EPR and
Mass spectral studies. UV absorption titration
of the complex PS1V1 with CT DNA suggested
the groove binding mode. The fluorescence
spectral titration with DNA also supported the
groove binding mode of the complex. Later,
Hoechst fluorescence displacement assay
ascertained the minor groove binding mode of
the complex, PS1V1, as the emission intensity
of the hoechst-DNA complex was quenched at
a greater extent.

Spectroscopic Analysis of DNA
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Abstract

Neem — Azadirachta indica, has been
used in ayurvedic medicine for more than
4000 yearsdue to its medicinal properties.
Neem has many biological activities like anti-
inflammatory,anti-fungal, anti-bacterial, anti-
oxidant and anti-viral etc. In our research, we
collected neemflowers and shade dried them.
The flowers were extracted using ethanol
solvent. Initiallyweighed quantities of shade
dried flowers (100g) were soaked in ethanol
(500mL) for 48hrs.Then the soaked mixture
was filtered and flowers are kept aside. The
ethanol is separatedfrom the extract using
rotavapour at a temperature of 120°C. The
thick extract was collected atthe end and
stored in separately. Flowers were soaked
again with ethanol for 24 hrs and theprocess
was continued. All the collected extracts were
combined and chemical analysis wasdone to
find out the presence of chemical constituents
like triterpenoids, phenols, flavonoidsetc. Anti-
tubercular activity was performed using MABA
method for the ethanolic extract ofneem
flowers with a standard rifampicin. The MIC of
the standard was found to be 12.5 pg/mL,
whereas the MIC of neem flower ethanolic
extract was found to be 25 pg/ml.

Keywords Neem flower, Ethanolic extract,
Anti-tubercular activity, MABA, MIC,
Rifampicin

Introduction

Neem or Margosa is a botanical
cousin of mahogany. It belongs to the family

Meliaceae. Thelatinized name of Neem -
Azadirachta indica - is derived from the
Persian. It has great potential in the fields of
pest management, environment protection and
medicine.Neem tree is about 12-18 metres in
height with a circumference up to 1.8-2.4
metres(1). Neem is a flowering plant which will
produce flower on 3-5 years of agein which the
flowers are 4-7mm in length and 6-10mm in
width.The neem tree can be found growing in
countries located in the equatorial belt. Two
species of Azadirachta have been reported,
Azadirachta indica A. Juss — native to Indian
subcontinent and Azadirachta excels Kack. —
confined to Philippines and Indonesia(2). The
most important active  constituent s
Azadirachtinand the others are Nimbolinin,
Nimbin, Nimbidin(3), Quercetin and B-
sitosterol(4).

Materials and Methods

Neemfloweres were taken and shade
dried. The solvet used was ethanol AR.

Extraction Procedure of Neem Flower

500 ml round bottomed flask was
taken, to this added 50gm of shade dried neem
flowers and soaked in 250ml ethanol for
48hrs.The above mixture was refluxed for 10
mins.Cooled and filtered the mixture and
collected the filtrate.Poured this filtrate into
pear shaped flask and fixed this to rota
evaporator in Fig. 1. Rotavapour apparatus
(Roteva) was set with temperature below the
boiling point of ethanol (78.37°C).Set the
specific rotation to 70 rpm, after stabilization
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Fig 1. Shade dried Neem flowers soaked in
ethanolic extract in round bottomed flask

Fig 2. Rotavapour (Roteva)

and switch on the vacuum (Equitron vacuum
pump- 40 mbar). Separated ethanol solvent
was collected and poured into flowers for re-
extraction in Fig. 2.

Measure the extract and ethanol
volume, extract was kept aside.The obtained
ethanol was poured into the pre soakedneem

flowers. It was soaked again for 24 hrs, again
the extract and solvent are separated. The
above process was repeated with 5 batches of
neem flowers with each batch weighing 50 gm.
All the collected extracts were combined and
kept at room temperature.

Results and Discussion
Test For Chemical Constituents
Test for Flavonoids(5)

1ml of ethanolic extract of plant
material was taken in a test tube and added
few drops of dilute NaOH.An intense yellow
colour was observed in the test tube and it
becomes colourless on addition of few drops of
dilute acid.This shows the presence of
Flavonoids.

Test for Triterpenoids(6)

5 ml ethanolic extract was dissolved in
2 ml chloroform and 1ml acetic anhydride was
added. Concentrated sulphuric acid was added
to the above solution. Formation of reddish-
violet colour appeared.This shows the
presence of Triterpenoids.

Test for Phenols(7,8)

Take 3 ml of ethanolic extract of neem
flowers in a test tube, add freshly prepared
ferric chloride solution in it drop wise, Blue
colour appeared.This Indicates the presence of
Phenols.

Anti Tubercular Activity
Maba Method

A blue colour in the well was
interpreted as no bacterial growth and pink
colour was scored as growth(9). The MIC was
defined as lowest drug concentration which
prevented the colour change from blue to
pink(10).From the extract of neem flower we
got comparable results with the standard drug
rifampicin. Rifampicin has showed the anti
tubercular activity i.e 25 pg/ml in Fig. 3. The
anti- mycobacterial activity of the ethanolic
extract of neem flowers could be due to its

Anti-Tubercular Activity
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Fig 3. MABA METHOD- Standard Drug : Rifampicin 12.5 pg/mi

chemical constituents like flavonoids,
triterpinoids or phenols. The preliminary
evaluation gave a positive result with these
chemical constituents.

Conclusion

The neem extract MIC was 25 ug/ml
compared to that of standard first line drug i.e
Rifampicin  12.5 pg/ml.  The chemical
constituents identified were ftriterpenoids,
flavanoids, phenols.
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Abstract

Due to difficulties such as bacterial
resistance, unpleasant effects, and low patient
compliance  with  anti-tubercular  drugs,
tuberculosis treatment remains a challenge.
Microspheres are a sort of multiparticulate
drug delivery system that is used to distribute
a drug for a longer period of time, boost
bioavailability or stability, and target specific
locations. Isoniazid is an important first-line
anti-tubercular drug used in tuberculosis
treatment in a fixed-dose combination. We
attempted a unique way to address the
above-mentioned obstacles of tuberculosis
therapy by merging both these methodologies
of microspheres and bioenhancers in the
current work. Bioenhancers are 'bioavailability
enhancers,' which have no therapeutic effect
but enhance the action of drug molecules
when administered in combination. The
comparative effect of Ocimum tenuiflorum and
Ocimum basilicum as a bioenhancer was
studied and compared to a formulation without
bioenhancers. Two processes are used to
make microspheres: Complex Coacervation
and Modified Emulsion Method. In-vitro
release, drug entrapment efficiency, %
bioadhesion, and permeability of the
microspheres were all assessed using the
intestinal sac method. In-vitro drug release
from  formulations containing  Ocimum
tenuiflorum and Ocimum  basilicum as
bioenhancers was reported to be around 56-
84% in 12 hours. The microspheres were
discovered to be smaller than 120 microns in

diameter. The DEE was shown to be between
39-78%. The bioadhesion of the microsphere
was determined to be 38-82% (increased in
formulations where bioenhancers
incorporated). The major findings of the USP
paddle apparatus in-vitro release study concern
the extraordinarily large increase in drug
release due to the presence of bioenhancers.

Keywords: Microspheres, Double emulsion
method, Complex coacervation method, Isoniazid,
Ocimum tenuiflorum, Ocimum basilicum

Introduction

Tuberculosis is a leading source of illness
and mortality around the world. Every year, over 2
million people are killed by the disease. Treatment
regimens now offered are lengthy, putting
excessive demands on destitute people. As a
result, the tide of medication resistance is rising.
The flexibility to adapt drug release rates to the
needs of a specific application, as well as the
capacity to dispense at a constant or pulsatile
rate, are two potential advantages of the drug
delivery system. It safeguards medications,
particularly proteins, from being rapidly destroyed
by the body. By substituting occasional (once a
month or fewer) injections for regular (e.g., daily)
injections, microspheres with controlled release
systems might increase patient comfort and
compliance (1).

As a result, using bioenhancers in
combination therapy to improve release
performance and, eventually, maximise their

effectiveness while using microspheres as a drug
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delivery vehicle would be an appropriate
formulation method for optimising anti-tubercular
drugs' pharmacokinetic properties [2].

Bioenhancers are substances that,
when taken with an active medicine, increase the
drug's pharmacological activity while having no
therapeutic benefit. The use of herbal ingredients
to improve drug bioavailability has resulted in a
major  paradigm shift in  therapeutics.
Bioenhancers increase permeability and alter
drug bioavailability for therapeutic efficacy, which
may lead to a reduction in dose while
maintaining therapeutic availability. Anti-TB drug
therapy has a number of difficulties, including
loss of efficacy due to bacterial resistance,
unpleasant effects, and low patient compliance.
C.K. Atal looked at a list of Ayurvedic
compositions used to treat a variety of diseases
in ancient India. He noticed that the majority of
Ayurvedic formulations contained Trikatu or one
of its ingredients, Piper longum (P. longum),
which is used to cure a variety of diseases (210
formulations out of 370 tested). In the cited study
effort, we aimed to address the aforementioned
issues by merging the principles of microsphere
drug delivery (enhanced bioavailability) with
herbal bioenhancers with improved bioavailability
[3,4].

Basils (Ocimum spp., Lamiaceae)
have a variety of essential oils that are high in
phenolic compounds, linalool, and other
natural products. Basil leaves are dried and
used to season stews, sauces, salads, soups,
meat, and tea [5,6].

The objectives of cited research work
are to:

. formulate isoniazid sustained-
release microspheres using a variety of
approaches.

. Study the effect of varying
concentrations of herbal bioenhancer (extracts of
Ocimum tenuiflorum and Ocimum basilicum) on
in-vitro drug release from microspheres, and
assess the impact of different processing
parameters on microsphere characteristics.

Materials and Methods
Methods

Two methods were used to prepare
microspheres including complex coacervation
and a modified emulsion method.

Materials

Isoniazid was received as a gift sample
from Lupin Pharmaceuticals Ltd., Aurangabad,
Maharashtra, as a model anit-tubercular drug.
Ocimum tenuiflorum (OT) and Ocimum
basilicum (OB) were obtained from the herbal
medicinal garden and authenticated by
Department of Botany, SSVPS'sDr. P. R.
Ghogrey College of Science in Dhule,
Maharashtra. As a bioenhancer, hydro-
alcoholic extracts of Ocimum tenuiflorum were
used. Sodium alginate and Type B gelatin
(bloom strength 220) were procured from Loba
Chemie, Mumbai. Sigma Aldrich, Germany,
provided the sodium tripolyphosphate and
Chitosan. All of the other chemicals and
polymers that were employed were of analytical
quality.

Experimental Work

Extraction and Isolation of Ocimum
Tenuiflorum (OT) and Ocimum Basilicum
used as Bioenhancer:

Different components (leaves, stem,
flower, root, seeds, and sometimes the entire

[ .. . ~ ] 3 15

Fig 1A. Leaves and Dried Powder of A. Ocimum Tenuiflorum; B. Ocimum Basilicum

Ocimum Tenuiflorum and Ocimum Basilicum
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plant) of Ocimum tenuiflorum and Ocimum
basilicum are used in traditional medicine in
Fig. 1.

The leaves of Ocimum tenuiflorum
and Ocimum basilicum were harvested
between October and December and
compared to a reference sample. The 50 %
ethanolic extract was made by combining 500
g of dried, crushed, and powdered tulsi leaves
with 1000 mL of 50 % ethanol in a round
bottom flask and keeping it at room
temperature for three days in the shade. After
filtering the extract, the operation was
performed twice more. The resulting extract
filtrate was collected and evaporated on a
water bath until dry. The yield of extract was
approximately 5.00 % w/w [7].

Phytochemical Evaluation of
Ocimum  Tenuiflorum and  Ocimum
Basilicum: The phytochemical examination of
dried leaves of Holy basil was carried out
according to Ayurvedic Pharmacopoeia [8]
provisions for several criteria (Table 1).

Preparation of Isoniazid
Microspheres: Sustained release
microspheres can be made using a variety of
techniques, including emulsion cross-linking
and multiple emulsions [9]. This microsphere
was prepared using the double emulsification
method and complex coacervation method in
this investigation.

Method 1 - Complex Coacervation Method
(CCM): In a 1:05 ratio, chitosan and gelatin
were mixed in a dilute acetic acid solution (1

% viv) at 3 % w/v and pH adjusted to 5.0.
Isoniazid (150 mg) was dissolved in the
polymeric mixture mentioned. At 40°C, the
medicine in the polymeric mixture was
emulsified with 1 mL Tween 80 (2 % wi/v) in
100 mL liquid paraffin (1:1 ratio of light and
heavy liquid paraffin). A mechanical stirrer was
used to emulsify the mixture for 15 minutes at
1200 rpm (Remi Motors, India).

To induce gelatin coagulation, the
resulting w/o emulsion was refrigerated to 4°C.
Then, at 4°C, 50 ml Na-TPP (1.5 % w/v) with
pH 5 was added drop by drop. Stirring was
continued for another 30 minutes to obtain
cross-linked microspheres. Centrifugation was
used to collect microspheres, which were then
washed three times with double distilled water,
dried at room temperature under vacuum, and
washed three times with acetone to remove
water. The microspheres were created and
stored in a desiccator for further study. Polymer
concentration, polymer:  copolymer ratio
(Chitosan: Gelatin B), cross-linking period, and
rom were all factors in the formulation
optimization [10,11]. Components of an optimal
formulation comprising varied concentrations of
hydroalcoholic extract of Ocimum tenuiflorum
and Ocimum basilicum as a bioenhancer are
shown in Table 2.

Method 2 - Double Emulsification
Method (MEM): 150 mg isoniazid dissolved in
a 3% sodium alginate aqueous solution (10 ml).
The aqueous phase was emulsified in light
liquid paraffin (in the ratio 1:10) containing 1%
(v/iv) Span 80 for 45 minutes using a

Table 1: Phytochemical Evaluation of Ocimum Tenuiflorum and Ocimum Basilicum

Value (%w/w)
Parameter
Ocimum Tenuiflorum Ocimum Basilicum

Total Ash 8.5 8.9

Acid insoluble ash 1.1 1.5

Water soluble ash 3.9 4.4

Loss on drying 3.9 4.7
Swelling index 10 ml 12 ml
Water absorption capacity 10 ml 12.7 ml

Ocimum Tenuiflorum and Ocimum Basilicum
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mechanical stirrer (Remi Motors, India). 5 ml
of 7.5 % calcium chloride dissolved in a 1:1
mixture of methanol and isopropyl alcohol
was slowly added to the emulsion and
agitated to ensure successful crosslinking.
Microspheres were collected via vacuum
filtration, then washed three times in isopropyl

alcohol before being dried at ambient
temperature. Variables like polymer
concentration, drug-polymer ratio, cross-

linking agent concentration, and cross-linking
time were used to optimise the formulation
[10,11]. Finally, different concentrations of
hydro-alcoholic extracts of Ocimum

tenuiflorum and Ocimum basilicum were added
to the optimised formulation to investigate their
effect on drug bioavailability (Table 3).

Characterization of Microspheres

Compatibility Studies: Fourier
Transform Infrared Spectroscopy was used to
investigate any chemical interactions between
the medication and the polymeric substance
during the creation of the microspheres (FTIR).
Pure drug INH, placebo microspheres, and INH
microspheres (2-5 mg) manufactured with and
without bioenhancer were weighed and
combined  appropriately  with  potassium

Table 2. Isoniazid Microsphere Formulations with Various Polymers and Hydroalcoholic Extract
of Bioenhancer Ratios (Complex Coacervation Method)

Forgulation INH (mg) Gelatin:thtosan Sodium Cross Linking BE1 BE2

ode (ratio) TPP (%) Time (min.) (mg) (mg)
Ci1 150 0.5:1 1 30 -- --
Cl2 150 0.5:1 1 30 5 -
CI3 150 0.5:1 1 30 10 -
Cl4 150 0.5:1 1 30 15 -
CI5 150 0.5:1 1 30 -- 5
Cle 150 0.5:1 1 30 -- 10
Cl7 150 0.5:1 1 30 -- 15

Table 3. Isoniazid Microsphere Formulations with Various Polymers and Hydroalcoholic Extract
of Bioenhancer Ratios (Double Emulsification Method)

Forg;(lja:ion INH (mg) Sodiun(w%A)Iginate CaClz (%) C_In:(i)ns]z I(_I|1[]1II<r:r1)g Fnlf;) (?72592)

MI1 150 3 7.5 45 -- --
Mi2 150 3 7.5 45 5 --
MI3 150 3 7.5 45 10 --
Mi4 150 3 7.5 45 15 --
MI5 150 3 7.5 45 -- 5
MI6 150 3 7.5 45 -- 10
MI7 150 3 7.5 45 -- 15

MI- Isoniazid microspheres by modified emulsion method, IHN- Isoniazid,

BE;- Bioenhancer 1 i.e., hydroalcoholic extract of Ocimum tenuiflorum (OT)

BE,- Bioenhancer 2 i.e., hydroalcoholic extract of Ocimum basilicum (OB)

Ocimum Tenuiflorum and Ocimum Basilicum
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bromide to make a homogeneous mixture (0.1
to 0.2 g). A small amount of powder was
crushed into a thin semi-transparent pellet by
applying pressure to it. The pellet's IR
spectrum was recorded with FTIR (Perkin
Elmer, USA, Spectrum RX1 Model) with air as
the reference, and the findings were
compared to check if there was any drug-
excipient interaction [12].

Particle Size Analysis: The particle
size of both plain medicine microspheres and
microspheres with bioenhancer was evaluated
using a Motic microscope at 40 X
magnification. In each of the measurements,
at least 100 particles were evaluated in each
of the three fields [10,11].

Percent Drug-Entrapment
Eefficiency: The drug content of the
microspheres was evaluated
spectrophotometrically (max = 263 nm; Perkin
Elmer, USA Lambda 25 model) to estimate
the percentage drug entrapment. Sonication
was used to dissolve isoniazid-loaded
microspheres (10 mg) in 10 ml of isotonic
phosphate buffer pH 6.8 for 20 minutes. After
filtering the solutions with 0.22 pm
Millipore filters, the amount of isoniazid was
determined [13]. According to preliminary UV
measurements, the presence of dissolved
polymers had no effect on the drug's
absorbance at 263 nm. The % drug
entrapment was calculated using following
formula:

Mass of drug present in microparticles
X 100

Percent drug entrapment =
Mass of ding used in the formulation

Percentage Yield: The vyield of
microspheres was calculated by comparing
the total weight of microspheres produced to
the total weight of the polymer, drug, and
bioenhancers employed in the formulation
[14]. The microsphere % yield was calculated
using the following formula:

Weight of microspheres obtained
X 100

Percentage yield = - - -
Total weight of drug, polymer used in formulation

Measurement of Bioadhesion: The
in-vitro  bioadhesion of microspheres (in
triplicate) was determined using the falling
liquid film method. Microspheres (50 mg) were
spreaded over small intestine of albino rat
(area 20m2) and detained for 20-30 minutes in
a humidity temperature-controlled cabinet
(Thermolab, India) at 75%RH and 25°C to allow
the microspheres to hydrate. After that, the
mucosal lumen was thoroughly washed with
isotonic phosphate buffer pH 6.8 and dried at
70°C in a hot air oven [15].

The following formula was used to
calculate the percentage of bioadhesion:

Weight of adhered microspheres
X 100

Percentage bicadhesion = - - -
‘Weight of applied microspheres

In-vitro Drug Release: The release
characteristics of isoniazid from microspheres
were examined in simulated gastric fluid (SGF
pH 1.2) and simulated intestinal fluid (SIF pH
6.8). The drug-loaded microspheres (equivalent
to 10 mg isoniazid) were put in empty capsule
shells and spun at 50 rpm in 500 ml of 37°C
dissolving fluid. At regular intervals, the aliquots
(2 ml) were extracted and replaced with fresh
media [16]. The drug content was measured
spectrophotometrically at 263 nm after the
samples were diluted and filtered.

Statistical Analysis: The results were
statistically analysed using the Student's t-test.
The zero order, first order, and Higuchi's matrix
models were used to compare the in vitro
release profile [17].

Result and Discussion

FTIR Study: INH had a significant C=0
stretch band (Amide I) around 1650 cm1 and
an Amide Il due to N-H bend around 1620 cm1
in its FT-IR spectrum. The FT-IR spectrum of
the drug-loaded microspheres, on the other
hand, entirely obscured these peaks. Isoniazid
drug release in-vitro from formulations
containing bioenhancer extract was reported to
be 85-90% in 12 hours. In formulations without
bioenhancers, the similar percentage was

Ocimum Tenuiflorum and Ocimum Basilicum
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around 45-50%. Other characteristics were
investigated as well, such as % bioadhesion
and permeability testing utilising the intestinal
sac method.

Fig 2. Microspheres by: A, B Complex
Coacervation and C, D. Modified Emulsification
Method using OT and OB as a Bioenhancer
Respectively

Differential Scanning Calorimetry:
An empty aluminium pan was utilised as a
reference and an isoniazid powder sample (2-8
mg) was weighed into an aluminium pan and
assessed as sealed with pinholes. The heat-
cool-heat cycle was also utilised to assess the
thermodynamic relationship between two
forms. At 70°C, the DSC endotherm exhibited a
strong melting endotherm. The DSC curve of
INH revealed an endothermic event between
50 and 80°C which was connected to the
material's dehydration.

Particle Size: The microspheres were
found to have a smoother surface and were
distinct and spherical in shape; the morphology
of drug-loaded microspheres should not alter
as shown in Fig. 2. As indicated in Table 4, the
mean particle size of the microspheres
generated by the complicated coacervation
process was 100-120m).

Percentage Yield: To estimate the
yield of microspheres, the total weight of
microspheres collected was compared to the
weight of the drug, polymers, and bioenhancer.

Table 4. Isoniazid Microspheres Evaluation Parameters Using Modified Emulsion and Complex

Coacervation Method

Formutation partcie Yi‘i'gt()%) Entrapment OAp e
Size (m) * (%) +SD * +SD
ci 113118 | 3625:1.01 | 40.07:0.73 | 38.17:0.19 42.1541.11
ci2 112116 | 4625:1.11 | 60.13:0.47 | 53.8741.02 56.8120.94
ci3 103108 | 57.42¢1.01 | 6221+1.07 | 66.41:0.98 68.96+1.21
cl4 104110 | 69112079 | 77.10:0.31 | 81.9120.54 82.160.81
cls 111118 | 4917¢107 | 51.96:0.72 | 58.4720.29 62.6410.87
cl6 103108 | 62.66:042 | 66.18:0.49 | 66.94+1.07 72.7120.68
cr7 106-112 | 60.18£1.01 | 76.11:0.87 | 80.41£0.91 81.1120.53
MI1 116120 | 3425:025 | 39.11:0.37 | 38.01%0.49 40.17£0.33
MI2 111114 | 4925:1.07 | 59.87:0.74 | 53.11#1.22 57.15+1.04
MI3 101108 | 7150:0.19 | 78.01:0.13 | 8250£0.45 83.6120.18
Mi4 108113 | 50248117 | 64124111 | 67.1420.89 69.7141.07
MI5 100114 | 51242097 | 5369127 | 59.14:0.92 61.4610.99
Mi6 100105 | 71112039 | 76.891.17 | 81.14£1.11 82.1710.33
MI7 106-112 | 63.16:124 | 67.01:0.94 | 67.49¢117 73.1740.86

Ocimum Tenuiflorum and Ocimum Basilicum
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Tn-vitro drug release of Isoniazid microsphere prepared by
Complex Coacervation Method
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Fig 3. In vitro Drug Release from Isoniazid Microspheres Prepared by Complex

A: Before test
B: After test

Fig 4. Bioadhesion Study of Isoniazid Microspheres

The percentage vyield of the optimised
formulations, which spans from 34.50 to
71.50%, is shown in Table 4. Losses
accounted for throughout the microsphere
hardening, washing, and filtering procedures
could account for the loss of medicine in the
strategy.

Percent Entrapment Efficiency: The
entrapment efficiency was determined to be
between 39.50 to 78.14%. The loss of the
medication in these approaches could be
attributed to the hardening, washing, and
filtration processes. As demonstrated in Table
4, during microsphere formulation
optimization, polymer concentration, cross-
linker concentration, and cross-linking time
may have an impact on microsphere
entrapment  efficiency. The  maximum
entrapment efficiency values obtained are

higher, or at least comparable, to the highest
value reported in prior microsphere formation
studies using sodium alginate. The discrepancy
is attributable to high water solubility of
isoniazid, which results in high drug
concentrations in the preparation medium in
this approach, as well as the usage of
bioenhancer in formulations.

Percent Bioadhesion: The presence
and amount of bioenhancer had a substantial
impact on the bioadhesion of the microspheres
in the optimised formulations. The bioadhesion
investigation was carried out using a previously
documented method (in ftriplicate). The
percentage bioadhesion ranged from 38.50 to
82.95% in Table 4. Microspheres with
bioenhancers have a higher bioadhesive
property (Fig. 3) than microspheres without
bioenhancers (Fig. 4). The bioadhesive

Ocimum Tenuiflorum and Ocimum Basilicum
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characteristics of microspheres resulted in
long-term retention in the small intestine. It was
revealed that microspheres that included a
higher concentration of bioenhancer had a
45% increase in bioadhesion. Furthermore, as
seen in Table 4, as the amount of bioenhancer
increases, the percentage bioadhesion
increases. Because of their bioadhesive
properties, these particles were able to stay in
the small intestine for a long time.

In vitro Drug Release: Figures 4A
and 4B show the in-vitro release behaviour of
isoniazid microspheres generated by a
modified emulsification and complicated
coacervation approach using Ocimum
tenuiflorum and Ocimum basilicum as a
bioenhancer in simulated gastric fluid (SGF),
pH 1.2, and simulated intestinal fluid (SIF), pH
6.8. Approximately 10-15% of the medicine
was released over a 2-hour period in the SGF,
pH 1.2, and 30-70% over a 12-hour period in
the SIF, pH 6.8. Microspheres containing
bioenhancer have a very high increase in
microsphere release when compared to
microspheres without bioenhancer (from
40.50% to 83.79% and 82.50% in case of
modified emulsification method and complex
coacervation method, respectively). Cl1 and
MI1 are bioenhancer-free  formulations,
whereas Cl2, CI3, Cl4, MI2, MI3, and MI4 are
microsphere formulations containing Ocimum
tenuiflorum, and CI5, CI6, CI7, MI5, MI6, and
MI7 are microsphere formulations containing
Ocimum basilicum as a bioenhancer in 5, 10,
and 15 mg concentrations, respectively.

Conclusion

The particle size of microspheres
made by both complex coacervation and
modified emulsion methods using Ocimum
tenuiflorum and Ocimum  basilicum as
a bioenhancer was consistent and less than
120 microns in size; however, the particle size
may change when bioenhancer extract is
added to the formulations. The efficiency of
drug encapsulation was determined to be
between 39.50 to 78.14% (increased on
addition of bioenhancer in the formulations).

When bioenhancers were utilised, the
percentage bioadhesion of the microsphere
increased by 40% above the baseline value
(82.95% from 38.50% from formulation, where
no bioenhancer were used. The most important
findings from the in-vitro release study were the
significant increases in drug release (from
40.50% to 83.79% and 82.50%, respectively)
due to the presence of bioenhancers alone and
in combination (from 40.50% to 83.79% and
82.50% in case of modified emulsification
method and complex coacervation method).
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Abstract

A simple and specific bioanalytical
reverse phase high performance liquid
chromatography (HPLC) assay method was
established and validated for estimation
nebivolol HCI in rat plasma using amlodipine
besylate as internal standard. The
chromatographic separation was achieved by
reversed phase Knauer C18 column and
mobile phase composition of acetonitrile,
methanol and 0.1N orthophosphoric acid
(80:20:10) with ultraviolet detector at the
wavelength of 272 nm. The flow rate was
maintained at 0.5 mL/min. System suitability
parameters of mobile phase composition, flow
rate, and wavelength were optimized to
provide highly sensitive peaks for the drug
samples. The calibration curve was found
linear in the range of 400 ng/mL to 1800
ng/mL with a retention time of 5.48 minutes.
LOD and LOQ were found at 40.24 ng/mL
and 12194 ng/mL respectively. The
developed method was validated in terms of
linearity, recovery, precision, robustness,
ruggedness, and stability (short term & long-
term stabilities and freeze & thaw stability). All
the experiments were done as per ICH
guidelines and the outcomes were well inside
the limits determined.

Keywords: Bioanalytical, Reversed Phase

HPLC, Nebivolol HCI, ICH

Introduction

Bioanalytical method is used to
determine the concentration of drug and

metabolites present in the biological matrix like
serum, plasma, cerebrospinal fluid etc. The
developed method can be used to detect the
content of drug quantitatively. Validation of an
analytical method involve in documentation of
laboratory investigations to estimate the
performance characteristics of procedures
meeting required specifications and proposed
applications. Validation of bioanalytical method
demonstrate that the method developed is
sensitive, accurate, precise and suitable for the
intended purpose.

Nebivolol hydrochloride is a cardio
selective adrenergic beta-1 blocker used in the
treatment of hypertension and chronic
heart failure in elderly patients. The drug also
has vasodilation property acting through
L-arginine/nitric oxide pathway. It is chemically
1-(6-fluoro-3,4-dihydro-2H-chromen-2-yl)-2-((2-
(6-fluoro-3,4-dihydro-2H-chromen-2-yl)-2-
hydroxyethyl)amino) ethanol;hydrochloride. It is
generally prescribed for elderly patients with a
starting dose of 2.5 mg in tablet dosage form
(1). The chemical structure of drug was
depicted in (Figure 1). Several methods were
developed and reported for the estimation of
NBH till date including RP-HPLC (2,3), RP-
HPTLC (4) and bioanalytical method
development in human plasma were reported
(5). In the current study, a sensitive
bioanalytical method was developed for the
estimation of nebivolol HCI in rat plasma using
HPLC equipped with absorbance detector as
per the FDA guidance (6). The method
involved liquid-liquid extraction of NBH from
the plasma using acetonitrile, methanol, and
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Fig 1. Chemical Structure of Nebivolol Hydrochloride

buffer mixture. The developed method was
validated using ICH Q2 (R1) guidelines (7).

Materials and Methods

Materials and Reagents: Waters
HPLC system equipped with Knauer Cg (250
X 4.6 mm, 5u), column, solvents, and buffers
of HPLC grade purchased from Merck Ltd.
Nebivolol HCI (NBH) was purchased from
Yarrow Chem. Products, Mumbai.

Instruments: Waters HPLC 2695
alliance system with 2487 UV detector,
Empower-2 software, Remi vortex shaker.

Plasma Samples: Plasma samples
for the method development were collected
from animal house facility, Bapatla College of
Pharmacy, Bapatla, Guntur with Regd. No.
1032/PO/Re/S/07/CPCSEA. Blood samples
were collected from Albino Wistar rats using
retro orbital puncture without sacrificing
animals. Blood samples were collected in
sample tubes with anticoagulant (EDTA),
centrifuged at 400 rpm for 20 minutes. The
supernatant plasma was collected and stored
at -20°C in deep freezer until further use.

Preparation of Standard Solutions:
Stock solutions of nebivolol HCI (1 mg/mL)
and amlodipine besylate (1 mg/mL) were
prepared with methanol-acetonitrile mixture
(5:5 vlv) using standard powders. Working
standard solution of NBH was prepared by
diluting stock solution with above solvent
mixture to get 0.4 to 1.8 pyg/mL solution. The
same method was used to prepare 1000
ng/mL  working standard solution of
amlodipine besylate.

Preparation of Plasma Samples:
Plasma samples of drug and IS mixture

were prepared using 100 pL of blank plasma,
100 uL of NBH standard solution and 100 pL of
IS in an Eppendorf tube. The sample extraction
was conducted using liquid-liquid extraction
technique (LLE) with 100 pL of acetonitrile &
methanol solution (1:1) to the above drug
containing plasma mixture, vortexed for 2
minutes and then centrifuged at 15000 rpm at
4°C for 5 minutes. 100 L of supernatant was
transferred to the sample tube vial and 20
micro liters solution was then injected into the
chromatographic system.

The blank plasma solution was
prepared by spiking 0.1 mL of plasma into
extraction solution (acetonitrile-methanol
mixture), vortexed for 1 minute and further
centrifuged at 4°C at 15000 rpm for 10
minutes. The supernatant was collected,
filtered, and used as blank solution for
analysis.

Method Development: The validation
parameters like specificity, linearity, sensitivity,
accuracy, precision, and recovery in rat
plasma, were determined according to the US-
FDA guidance for industry, bio-analytical
method development and validation document
2018.

Linearity: The linearity of the
proposed method was established from the
standard calibration curve constructed at six
concentrations (0.4 to1.8 pg/mL) of nebivolol

HClI with constant concentration of IS
(Amlodipine besylate at 1 pg/mL), on six
consecutive days in order to confirm

reproducibility of results. Calibration curve was
constructed for the drug in the spiked plasma
samples by plotting the relative peak area
(ratio of peak area of drug to peak area of IS)
against their respective concentrations using a
linear least squares regression analysis.

RP-HPLC Method for the Quantification
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Specificity/Selectivity: The
specificity/selectivity of the analytical method
was investigated by confirming the complete
separation and resolution of the required peak
area of nebivolol HCI and the IS in plasma
samples, spiked with appropriate
concentration of these compounds. The tests
were accomplished to verify the potential
interferences  of  endogenous  plasma
components co-eluting with drug and IS.

Accuracy and Precision (8)

Intra-day Accuracy and Precision:
The intra-day precision and accuracy of the
method were determined by analyzing six
spiked samples of nebivolol HCI| at three
different concentrations LQC, MQC and HQC
(0.4, 1.2 and 1.8 yg/mL). The deviation of the
mean from the true value serves as the
measure of accuracy. The statistical evaluation
includes calculation of parameters such as
mean, standard deviation, coefficient of
variation, and percentage relative error.
Accuracy and Precision were determined using
% relative error and %RSD respectively.

Inter-day Accuracy and Precision:
The inter-day accuracy and precision was
determined for six replicates at three different
concentrations 0.4, 1.2 and 1.8 ug/mL over
three days. The statistical evaluation includes
calculation of parameters such as mean,
standard deviation, coefficient of variation,
accuracy, and percentage relative error.
Accuracy was determined using % relative
error and precision was determined by
calculating %RSD.

Sensitivity: The sensitivity of the
method detected using limit of detection
(LOD) and Ilimit of quantification (LOQ)
concentrations of drug samples. LOD is a
parameter used to detect the lowest amount
of analyte that can be detected from
background noise and cannot be quantitated
and LOQ stands for the lowest concentration
of analyte that can be detected and
quantitated. LOD and LOQ can be measured
using signal to noise ratio of 3:1 and 10:1.

They can be determined based on the
standard deviation of the response (o) and the
slope of the calibration curve (s) using known
concentrations of analyte with those of blank
samples. The standard deviation of the
response can be determined based on
standard deviation of Y-intercepts of
regression lines. LOD & LOQ are calculated
based on the following formulae (9):

Limit of Detection (LOD) = 332
s
Limit of Quantification (LOQ) = 102
s

Where,
‘0" is regression standard deviation of intercept.
‘s' is the slope.

Recovery: Recovery of drug sample can
be calculated using analyte response to that of
maximum concentration of pure sample. During
the bioanalytical development, nebivolol HCI was
determined for absolute and relative recoveries of
drug and IS from rat plasma using quality control
samples. The absolute recovery of drug and IS
were calculated using measured values of
extracted samples compared with un-extracted
pure authentic samples whereas; relative
recovery of drug and IS were computed using
peak areas (detector response) obtained from the
sample injections of the prepared plasma
standards compared to the nominal
concentration prepared. The standard used was
prepared to contain a drug concentration
assuming 100% recovery. Recovery of nebivolol
HCl was measured at three concentration levels
(0.4, 1.2 and 1.8 ug/mL).

Robustness: Robustness of the
method developed for the drug was evaluated
by changing small but deliberate variations in
chromatographic conditions. The parameters
studied in this study were flow rate and mobile
phase composition.

Stability Study (10)

LOQ, MOQ and HOQ samples of six
replicates were retrieved from deep freezer

RP-HPLC Method for the Quantification



Current Trends in Biotechnology and Pharmacy

90

Vol. 16 (Supplementry Issue 2) 87 - 95, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.3s.67

after three freeze thaw cycles. Samples were
frozen at -20°C followed by thawing at the
time of experiment. Short term and long-term
stabilities of samples were conducted by
preserving samples at room temperature for
24 hours and -20°C deep freezer for 45 days
respectively. The precision and accuracy of
stability samples must be within 15% of
nominal concentrations.

Results and Discussion

Selection of Chromatographic
Conditions: The chromatographic conditions
for the method validation were selected based
on the peak resolutions, day-to-day
reproducibility of the retention times, peak
shapes and back pressure. Selection of
mobile phase is the key for reproducible
elution of characteristic peaks and different
combination of solvents were tested starting
with acetonitrile-methanol mixture (80:20,
%v/v) where, merging of peaks observed. The
mobile phase composition was changed with
addition of water to the above composition at
acetonitrile-methanol-water (65:35:5, %v/v)
that resulted in proximity of two peaks of drug
analyte and IS. Finally, the composition was
selected with replacing orthophosphoric acid
instead of water with a composition of
acetonitrile: methanol: 0.1% Orthophosphoric
acid (70:20:10) produced sharp reproducible
peaks with system suitability conditions at 2.6
and 5.4 minutes for nebivolol HCI and IS
respectively.

Linearity: The analytical curves were
constructed with standard concentrations
ranging 0.4 pg/mL to 1.8 yg/mL of NBH along

with constant concentration of 1.0 pg/mL of IS
in rat plasma. All the samples were extracted
for the drug and IS contents using the above-
mentioned procedure. The baseline was
monitored and 20 pL of these solutions were
injected into the system. Calibration curves
were constructed using ratio of peak areas of
drug to IS on Y-axis and concentration of pure
drug on X-axis for replicated samples and
correlation coefficient was calculated (Table
1). The curve showed enough linearity with ‘r
value of 0.998 and regression equation of
V=0 8639% (+NNN53) + 0 218(+0 0N59) measured

using simple regression model as showed in
(Figure. 2).

Specificity/Selectivity:
Representative chromatogram of blank plasma
was confirmed the presence of very little
interference from the endogenous component.
Chromatograms of spiked plasma samples of
nebivolol HCI at 0.4 ug/mL concentration along
with IS at a constant concentration (1.0 pg/mL)
confirmed that drug and IS peaks were well
resolved and completely separated at retention
times of 2.60 and 5.48 minutes respectively.

Accuracy and Precision

Intra-day Accuracy and Precision:
Intra-day accuracy of the method for drug
ranged from 99.010% to 99.481%, while the
intra-day precision ranged from 0.219% to
0.372% at concentrations of 0.4 pg/mL (LQC)
1.2 yg/mL (MQC) and 1.8 pg/mL (HQC).

Inter-day Accuracy and Precision:
Inter-day accuracy of the method for
drug ranged from 98.361%to 99.083%,
while precision of the method for the same ranged

Table 1. Concentration Data for NBH in Wistar Rat Plasma

Co?sz/r:f;io” o Peak Area (n3) < Peak Area Ratio (D/IS)
0 0 0 0
0.4 29547.2+230.49 52649.1£210.42 0.566:£0.0044
0.8 48120.4+291.41 52168.7+97.50 0.909+0.0070
10 56403.8+70.86 52081.6£127.28 1.064+0.0029
12 67217.5:249.53 53012.1£109.27 1.281+0.0041

RP-HPLC Method for the Quantification
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Calibration curve of NBH in rat plasma

2.0
_____ .
.

o 15 y=0.862x+0.219 R Bl
=] R?=0.998 RRE i
[ PP
“ 10 et ®
» -
S e

0.5 e

0.0

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Concentration (ng/mlL)

Fig 2. Calibration Curve for the Estimation of Nebivolol HCI in Plasma using HPLC Method
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Fig 4. HPLC Chromatogram of Pure Nebivololl HCL
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Fig 5. HPLC Chromatogram of Internal Standard (Amlodipine Besylate)
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Fig 6. HPLC Chromatogram of Nebivolol Hydrochloride+ Amlodipine Besylate (Drug+IS)

from 0.322% to 0.547% at concentrations 0.4,
1.2 and 1.8 ug/mL.

The results were depicted in (Table 2
and 3) for intra and inter day accuracy and
precision. The coefficient of variation% for all
the levels of nebivolol HCI in the plasma
samples were found to be within acceptable
limits indicating a reasonable intermediate
precision (intra and inter-day) of the proposed
method.

Recovery: The absolute and relative
recovery was determined for nebivolol HCI

and represented in (Table 4). The values
showed to be consistent, precise and
reproducible at the three levels 0.4, 1.2 and 1.8
ng/ml. The absolute analytical recovery of
internal standard was found to be 95.11%.

By verifying the data for accuracy,
precision and linearity it was found that the
method developed was justified within the
range.

Sensitivity (LOD & LOQ): The LOD
and LOQ were defined as the lowest
concentration giving a signal-to-noise (S/N)

RP-HPLC Method for the Quantification
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Table 2. Intra-day Precision, Accuracy, and Relative Error for Nebivolol HCI Measured in Spiked

Rat Plasma Samples

Intraday (n=6)
0.4 pg/mL 1.2 yg/mL 1.8 yg/mL
Mean 0.397 1.188 1.790
S.D. 0.0013 0.0044 0.0039
Precision as %CV 0.346 0.372 0.219
Accuracy % 99.375 99.010 99.481
Relative error % 0.625 0.990 0.519

Table 3. Inter-day precision, accuracy, and relative error for nebivolol HCI measured in spiked rat

plasma samples

Inter day (n=6)
0.4 pg/mL 1.2 yg/mL 1.8 yg/mL
Mean 0.396 1.187 1.770
S.D. 0.0019 0.0038 0.0096
Precision as %CV 0.496 0.322 0.547
Accuracy % 99.083 98.972 98.361
Relative error % 0.916 1.028 1.63

ratio of at least 3:1 and 10:1, respectively. In
the estimation of lower limit samples of pure
drug, sensitivity was established using LOD
and LOQ that were considered to be 40.24
ng/mL and 121.94 ng/mL for LOD & LOQ
respectively.

Robustness: The developed method
for estimation of NBH was tested for
robustness using small variations in mobile
phase composition (65:25:10), (70:20:10) and
(75:15:10) and flow rate (0.9, 1.0, 1.1). The
%RSD results of these changes were in the
range of 1.5-3.0% which were in accordance
with the actual values shown in calibration
data. The tailing factor for the drug (nebivolol
HCI) was always less than 1.5 and the
components were well separated under all the
changes carried out (mobile phase
composition and flow rate). Considering the
factors like modification in the system
suitability parameters, specificity of the
method and conducting the experiment at

Table 4. Percent Recovery of Nebivolol HCl in
Spiked Rat Plasma Samples

c . Extraction Relative
oncentration
Recovery Recovery
(ng/mb) (%) (%)
0.4 93.57 100.90
1.2 96.42 100.86
1.8 92.27 99.49

room temperature it may be indicated that the
method was found to be robust. Hence, the
newly developed method was considered
robust.

Ruggedness: Ruggedness was
studied along with precision and accuracy of
batches where the effect of the column, and
analyst change was observed. The observed
value for analyst variation and results obtained
for precision and accuracy were within the
acceptance criteria (there were no changes in

RP-HPLC Method for the Quantification
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Table 5. Stability Study of Nebivolol HCI Analytes Stored at Different Conditions
NominafCorcenaton | Concentaion | SamoleCorcertetion | s | %t
Determined (ug/mL)
Short Term (24h)
0.4 0.396 0.393 1.47 0.63
1.2 1.202 1.194 0.47 0.77
1.8 1.790 1.729 0.70 3.40
Freeze-thaw Cycles (n=3)
0.4 0.400 0.397 0.94 0.75
1.2 1.194 1.191 0.44 0.22
1.8 1.791 1.733 0.47 3.21
Long Term (45 days)
0.4 0.394 0.384 1.63 2.51
1.2 1.198 1.189 0.48 0.75
1.8 1.788 1.702 1.0 4.70

the retention time, recovery, and precision of
the drug) according to guidelines.

Stability

The results of stability testing done
at various conditions showed within the
limits described by standards as depicted in
(Table 5). Nebivolol HClI was found to be
stable at room temperature for 24 hours and
after three freeze thaw cycles. All analytes
were stable at room temperature showing
consistent results. The long-term storage
conditions in freezer for 45 days also showed
stability with no large deviations in mean of
replicates. Thus, the analytes stored at
prescribed conditions showed no degradation
and remains stable in plasma samples which
was seen with excellent recoveries at different
storage conditions.

Conclusion

A validated RP-HPLC method was
developed for nebivolol HCI in rat plasma
according to the ICH guidelines. The method
was optimized with different  mobile
composition and flow rate for sensitive and

rapid detection of drug in the plasma samples.
The method was validated as per the ICH Q2A
(R1) guidelines. It consists of a mobile phase
composition of acetonitrile, methanol and 0.1N
orthophosphoric acid (70:20:10 %v/v) with
Knauer C4g column with amlodipine besylate as
internal standard. The retention time of NBH
was found at 5.48 minutes. The calibration
curve for the concentration range of 0.4-1.8
pg/mL  was found linear with correlation
coefficient of 0.9988. The percentage
recoveries for three levels LQC, MQC and
HQC were found within the range of 92.27% to
96.42%. All the analytes showed good
precision and accuracy with excellent stability
at various conditions. Therefore, the developed
method was deemed to be accurate, precise,
simple, sensitive, and reliable to estimate the
drug content in rat plasma. This method can
therefore be wused in computation of
pharmacokinetic parameters of nebivolol HCI in
pharmaceutical dosage forms.
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Abstract

The combination of Metformin and
Teneligliptin is an attractive approach for the
management of type-2 diabetes because the
two pharmacological approaches have
different and potentially complementary
targets. A novel bilayer tablet, consisting of an
immediate release layer containing
Teneligliptin (20 mg) and prolonged release
layer containing Metformin (500 mg) was
developed. In vivo studies were carried out in
rabbits by using the optimised formulation as
a test product and marketed formulation as a
reference. Based on the in vivo performance,
the developed bilayer tablets showed superior
bioavailability than the marketed tablets. A
simple, sensitive and selective HPLC method
was developed for the simultaneous
determination for Metformin and Teneligliptin
in rabbit plasma using a novel sample
extraction procedure. Method validation was
carried out according to ICH guidelines in
rabbit plasma in order to evaluate the method
for selectivity, linearity of response, accuracy,
precision, recovery and stability of analytes
during processing and storage. The total area
under plasma concentration time curve
(AUCy..), the maximum plasma concentration
(Cmax), and time to reach the maximum
plasma concentration (Tmax) were selected
as parameters for pharmacokinetic
evaluation. The C,,.x and Tmax were obtained
directly from the experimental data of plasma
concentration versus time. AUCy. was

obtained by adding the AUCq 24, which was
calculated by the trapezoidal rule. The
differences in average of data were compared
by sample analysis of variance (one way
analysis of variance) or independent sample t
test. The significance of the difference was
determined at 95% confident limit (P=0.05).

Keywords: Metformin,
Tablets, Formulation.

Teneligliptin, Bilayer

Introduction

Teneligliptin is a potent and selective
inhibitor of dipeptidyl peptidase-IV (DPP-4),
orally active, that improves glycemic control in
patients with type 2 diabetes (T2DM) primarily
by enhancing pancreatic (a and ) islet
function. Thus Teneligliptin has been shown
both to improve insulin secretion and to
suppress the inappropriate glucagon secretion
seen in patients with T2DM. Teneligliptin
reduces HbA;; when given as monotherapy,
without weight gain and with minimal
hypoglycemia, or in combination with the most
commonly prescribed classes of oral
hypoglycemic drugs: Metformin, a sulfonylurea,
a thiazolidinedione, or insulin. Metformin, with
a different mode of action not addressing 3-cell
dysfunction, has been used for about 50 years
and still represents the universal first line
therapy of all guidelines (1). However, given
the multiple pathophysiological abnormalities in
T2DM and the progressive nature of the
disease, intensification of therapy with
combinations is typically required over time.
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Recent guidelines imply that patients will
require pharmacologic combinations much
earlier to attain and sustain the increasingly
stringent glycemic targets, with careful drug
selection to avoid unwanted adverse events,
especially hypoglycemia (2). The combination
of Metformin and Teneligliptin  offers
advantages when compared to currently used
combinations with additive efficacy and
complimentary mechanisms of action, since it
does not increase the risk of hypoglycemia
and does not promote weight gain. Therefore,
by specifically combining these agents in a
single tablet, there is considerable potential to
achieve better blood glucose control and to
improve compliance to therapy (3). A novel
bilayer tablet, consisting of an immediate
release layer containing Teneligliptin (20 mg)
and prolonged release layer containing
Metformin (500 mg) was developed. An
in vivo evaluation study conducted to
ascertain pharmacokinetic parameters in
rabbits by using the optimised formulation as
a test product and marketed formulation as a
reference. Based on the in vivo performance,
the developed bilayer tablets showed superior
bioavailability than the marketed formulation.

Materials and Methods

The in vivo study of the optimized
formulations was performed as per the
guidelines approved by the Committee for the
Purpose of Control and Supervision of
Experiments on  Animals (CPCSEA),
Government of India. Prior approval by
Institutional animals ethics committee (Ref:
P3/IAEC/2016/1/VVIPS/VR) was obtained for
conduction  of experiments. Marketed
Tenelnat M (Natco Pharma) and optimized
bilayer tablet, consisting of an immediate
release layer containing Teneligliptin (20 mg)
and prolonged release layer containing
Metformin (500 mg) prepared in the laboratory
conditions and chosen on the basis of in vitro
release studies and stability conditions were
chosen as dosage forms for administration.

Preparation of Bilayer Tablets (4,5):

a. Preparation of immediate release
layer: Teneligliptin, Ludiflash, mannitol were

weighed and co-sifted through sieve No. # 40
(ASTM), blended in a poly bag for 10 min,
mixed well with PVP K-90 binder solution to
make a damp mass. Later the damp mass was
passed through sieve No. # 20 (ASTM), and
dried in a hot air oven at 60°C for 1h. Finally
the granules are lubricated with magnesium
stearate by mixing in a poly bag, for additional
2-3 min; which is used as upper IR layer.

b. Preparation of sustained release
layer: Metformin, HPMC K100M and MCC were
weighed were co-sifted through sieve No. # 40
(ASTM), blended in a poly bag for 5 min and
lubricated with magnesium stearate and aerosil by
mixing in the same poly bag, for additional 2-3
min; which is used as lower SR layer. Composition
of Teneligliptin (IR) layer and Metformin (SR) layer
of bilayered tablets is given in Table 1.

Validation of the Bioanalytical Method (6):

Method validation was carried out
according to ICH guidelines in rabbit plasma in
order to evaluate the method for selectivity,
linearity of response, accuracy, precision,
recovery and stability of analytes during
processing and storage.

Table 1: Composition of optimized teneligliptin
and metformin bilayered tablets

Ingredients Immediate Release Layer
Teneligliptin 20

Ludiflash

Starch

Mannitol 64

Pvp K-90 3
Mg.stearate 4

Total 100
Ingredients Sustained release layer
Metformin 500
HPMCK100M 225

MCC 248

Aerosil 4.5
Mg.Stearate 22.5

Total 1000

Antitumor Drug Delivery System
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a. Selectivity:  Selectivity was
checked by injecting blank plasma samples
from six different rabbits to confirm no
interfering peaks around the retention time of
both Metformin & Teneligliptin and IS.

b. Calibration, linearity and quality
control samples (7): Calibration was
constructed by calculating the peak area ratio
of Metformin & Teneligliptin to that of IS. For
the preparation of calibration standards,
working solutions of Metformin & Teneligliptin
(250 pL) and IS (500 L) were added to blank
plasma (0.25 mL) to obtain final concentrations
of 65 ng/mL, 130 ng/mL, 195ng/mL, 1040
ng/mL, 1300 ng/mL, 1560 ng/mL, 2080 ng/mL
and 2600 ng/mL of Metformin and 9.5 ng/mL,
19 ng/mL, 28.5 ng/mL, 152 ng/mL, 190 ng/mL,
228 ng/mL, 304 ng/mL and 380 ng/mL of
Teneligliptin and directly inject 10 pL into
HPLC. The quality control (QC) samples were
prepared in a similar manner as the calibration
standards at three different levels: low quality
control (LQC), medium quality control (MQC)
and high quality control (HQC).

c. Precision and accuracy (8): The
precision and accuracy of the assay were
determined using QC samples of known
Metformin & Teneligliptin concentrations (i.e.,
LQC, MQC and HQC), which were processed
freshly each validation day as described for
calibration curve standards. Six replicates of
each QC were analyzed on 3 days, and the
infra- and inter- assay means, standard
deviation (SD) and CV were calculated. The
recovery of Metformin & Teneligliptin from
plasma samples was carried out at three
concentration levels (LQC, MQC and HQC) by
analysis of replicate (n=6) samples. The peak
area of QC samples in plasma was compared
with peak area of actual analyte (in mobile
phase) at the same final concentrations. The
recovery was expressedas percentage value,
and the extent of recovery of Metformin &
Teneligliptin and of the IS should be consistent,
precise and reproducible.

Metformin & Teneligliptin Pharmacokinetic
Study (9):

Healthy rabbits (New Zealand Albino) of
either sex weighing 2.5-3kg were selected and
housed with CPCSEA guidelines, fasted over
night and had free access to drinking water.

a. Experimental design: Animals
were separated into two experimental groups,
each group consisting of six animals (n=6). The
test formulation of batch (F) was compared
with (reference/marketed formulation) with the
following treatment schedule under fasted
condition:

Group |- Marketed formulation

Group II- Metformin & Teneligliptin formulation
(F) used as test.

b. Animal dose calculation (10):
Metformin:

HED (mg/kg)=Animal dose (mg/kg) X Animal
Km factor/Human Km factor.

HED: Human Equivalent Dose (500mg/60kg)
Animal Km factor=12

Human Km factor=37.

WH. of the rabbits=3kg

So the dose of the drug taken is 8.33mg/kg.
Teneligliptin:

HED (mg/kg)=Animal dose (mg/kg) X Animal
Km factor/Human Km factor.

HED: Human Equivalent Dose (20mg/60kg)
Animal Km factor =12

Human Km factor =37

WH. of the rabbits=3kg

So the dose of the drug taken is 0.333 mg/kg.

The optimized formulation was
administrated via oral gauge at a dose 8.333
mg/kg for Metformin & 0.333 mg/kg for
Teneligliptin. Blood samples (each of about 1-2
mL from each animal) were withdrawn from
marginal ear vein at regular time intervals after
administration. The collected blood samples
were immediately centrifuged at 5000rpm in
ultra cooling centrifuge for 10min at 4°C. The
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supernatant plasma sample was separated
and stored in a clean screw capped 5ml
polypropylene plasma tubes at -20°C in a
deep freezer, until further analysis.

c. Estimation of drug from rabbit
plasma (11): The stored plasma samples
were processed at room temperature, 500 L
of plasma was added to 1 mL of acetonitrile to
precipitate the proteins. The samples were
vortexed on vortex mixer for 15min, followed
by centrifugation at 10000rpm for 15min. The
respective samples were injected into the
HPLC column.

d. Data analysis (12): The total area
under plasma concentration time curve
(AUCy.«), the maximum plasma concentration
(Cmax), and time to reach the maximum
plasma concentration (Tmax) were selected
as parameters for pharmacokinetic
evaluation. The C,,.x and Tmax were obtained
directly from the experimental data of plasma
concentration versus time. AUCqo« was
obtained by adding the AUC;.4n, Which was
calculated by the trapezoidal rule. The

0.04

differences in average of data were compared
by sample analysis of variance (one way
analysis of variance) or independent sample t
test. The significance of the difference was
determined at 95% confident limit (P=0.05).

Results and Discussion

The in vivo experiments were
conducted as per the protocol and procedure
described earlier. Bioanalytical methods
employed for the quantitative determination of
drugs and their metabolites in biological matrix
(plasma, urine, saliva, serum etc) play a
significant role in evaluation and interpretation
of pharmacokinetic data. For the successful
conduct of pharmacokinetic study, the
development of selective and sensitive
bioanalytical methods plays an important role
for the quantitative evaluation of drugs and
their metabolites (analytes).

The HPLC method was highly sensitive
and suitable for the detection of drug in plasma
even in low concentrations and the respective
chromatograms were shown in Figs 1, 2 & 3.
Plasma concentrations of Teneligliptin and
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Fig 2. Chromatogram of internal standard
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Table 2.
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Fig 3. Chromatogram of optimized formulation with internal standard in plasma

100

In Vivo data of metformin &
teneligliptin optimized formulation

Time Teneligliptin Metformin Time Teneligliptin Metformin
(hrs) (ng/mL) (ng/mL) (hrs) (ng/mL) (ng/mL)
0 0 0 0 0 0
0.5 112.63+0.23 96.52+2.84 0.5 110.02+2.62 42.52+6.04
1 176.63+2.61 136.4516.95 1 182.24+5.96 86.2919.84
1.5 126.3+1.56 268.26+9.63 1.5 152.65+4.85 134.05+2.89
2 92.65+2.95 392.65+5.05 2 100.54+6.14 198.32+3.84
25 80.54+6.82 496.52+7.52 2.5 89.63+8.63 264.53+3.56
3 71.631+4.12 630.82+4.63 3 76.8517.51 301.8746.15
4 60.8518.02 721.56+3.95 4 62.9615.06 497.32+7.96
6 53.86+3.95 875.63+0.59 6 54.08+2.08 687.23+7.85
8 42.61+2.85 702.51+0.32 8 49.63+3.64 952.8616.84
10 36.85+4.96 415.32+2.54 10 36.52+9.41 802.69+2.89
12 28.316.52 295.63+5.63 12 32.61+2.85 723.41+5.24
16 15.9616.59 121.56+3.62 16 29.63+3.45 596.07+6.54
20 8.23+3.51 86.32+1.52 20 17.52+1.98 423.38+2.85
24 5.1412.85 52.6813.62 24 8.3118.04 169.0845.62

Metformin at different times were calculated
and are shown in Table 2 & 3 and in Figs 4 &
5. Pharmacokinetic parameters such as
absorption rate constant, elimination rate
constant, half-life, AUC and MRT were
calculated from the plot of time versus plasma
concentration and subjected to statistical
analysis and the results were shown in
Table 4. The results from the oral

administration of Teneligliptin from marketed
formulation indicated the maximum plasma
concentration (Cmax) 176.63+0.23 at 1hr
(Tmax) while optimized formulations
administration exhibited the maximum plasma
concentration (Cmax) of 182.24+0.28 at 1hr
(Tmax). The oral administration of marketed
formulation resulted in a low and quite variable
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AUC of 925.368+2.85 ng/ml/hr, whereas
the optimized tablets resulted in AUC
time of optimized tablets administration
(4.8+0.09hrs) was found to be more than oral
administration (4.3+0.06hrs). The results from

of 1100.38+2.08 ng/ml/hr. The mean residence

the oral administration of Metformin from
marketed formulation indicated the maximum
plasma concentration (Cmax) 875.63+0.63 at

1200

1000

800 -

600 -

Concentration(ng/ml)

Reference Formulation

—4—Teneligliptin(ng/ml)

—— Metformin(ng/ml}

1200

= @ -]
s) Q =]
=] =] =]

~
s}
s}

Concentration(ng/ml)

10 15

Time(hrs)

20 25

30

1000 -

Test Formulation

—o—Teneligliptin(ng/ml)
(—— Metformin(ng/ml)

15

Time(hrs)

25

30

Fig 4. Plasma concentration
metformin & teneligliptin marketed formulation

profile of

Fig 5. Plasma concentration profile of

metformin & teneligliptin optimized formulation

Table 4. Statistical treatment of pharmacokinetic parameters (Mean+S.D.) of metformin and
teneligliptin optimized formulation.

Optimized | Marketed Optimized Marketed
Pharmacokin | £ P lati Formulati | Calculat F P \ati Formulatio
s ormulation on ed ormulation n Calculated
Parameters — Value of Value of ‘t'-
Teneligliptin Tent(iallllgllp t Metformin Metformin
Cmax 182.2;10.2 176.210.2 11 7% 952 8+0.82 875.63310.6 16,14
Tmax 1.00£0.05 1.00+0.65 | 01.13*** 8.00+0.16 6.00+0.24 5.50***
1046.1+2.6 | 890.9+1.5 40. 7962.756+ .
AUC(0-t) 3 2 75 12696.7+2.04 185 138.67
AUC(t-=0) 54.2:158 | 34.4:263 | 1887 | 231275251 | OO0 47 epm
AUC(0-») | 11003220 | 925.3228 | 49 674m | 15000.443.95 | 8479852 | 5qq g7eer
8 5 2.65
Kel 0.159:0.04 | 14300 1 9660 | 00961002 | 01042014 | 1232
MRT (h) 4.8+0.09 4.3+0.06 6.72*** 7.1£0.04 6.6+0.04 17.11%*
Null hypothesis (Ho): There is no significant difference between the pharmacokinetic parameters of
marketed formulation and optimized formulations .Table value of t' with 10 DF at the 0.001 level is
4.587.
Result: Ho is not accepted as the calculated ‘t’ value more than the table Value of't’” with 10 DF at 0.001
levels of significance. It was therefore concluded that there was significant difference between the
pharmacokinetic parameters of obtained with marketed formulation and optimized formulations.

Antitumor Drug Delivery System




Current Trends in Biotechnology and Pharmacy

102

Vol. 16 (Supplementry Issue 2) 96 - 102, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.35.68

6hr (Tmax) while optimized formulations
administration exhibited the maximum plasma
concentration (Cmax) of 952.86+0.82 at 8hr
(Tmax). The oral administration of marketed
formulation resulted in a low and quite variable
AUC of 8479.652+2.65 ng/ml/hr, whereas the
optimized tablets resulted in AUC of
15009.47+3.95ng/ml/hr. The mean residence
time of optimized tablets administration
(7.156x£0.04hrs) was found to be more than
oral administration (6.632+0.04hrs). Based on
the results it was observed that greater
bioavailability obtained from developed bilayer
tablets showed superior bioavailability than
the marketed tablets. The higher
bioavailability and prolonged plasma drug
concentration indicated that objective of this
study was successfully achieved.
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Abstract

The objective of the present study is
to improve the solubility of Biopharmaceutical
Classification System (BCS) Class-Il drug,
Cilnidipine by formulating them as solid
dispersions and to make controlled released
formulations. Solid dispersions of Cilnidipine
were prepared by solvent evaporation
technique using plasdone K-29/32. Various
physical parameters were evaluated for the
prepared solid dispersions. The in vitro drug
release studies were performed for the solid
dispersions using phosphate buffer pH 6.8.
The solid dispersions which showed
maximum drug release were selected for
the preparation of oral controlled release
formulations. Tablets were prepared using
Cilnidipine solid dispersions and varying
concentrations  of  polyethylene  oxide
(PEO) WSR 303 by direct compression
technique. Pre and post-compression
parameters were evaluated along with in vitro
drug release studies. In vitro dissolution
studies revealed that solid dispersion CP3
containing Cilnidipine and plasdone K-29/32
in 1:3 ratios showed faster drug release.
Formulation CPP5 containing CP3 solid
dispersion with 25% w/w of PEO WSR 303
showed prolonged drug release up to 12h.
The solubility of Cilnidipine was enhanced
using plasdone K-29/32 and the drug release
was delayed using PEO WSR 303 as
polymer.

Keywords: Cilnidipine, Solid dispersions,
Plasdone K-29/32, Controlled release, PEO
WSR 303.

Introduction

Solubility is an important factor for any
drug to show its pharmacological effect in the
body. Now a days, most of the drugs are facing
the problem of aqueous solubility. In such
cases, solubility enhancement could be helpful
which could be beneficial for many patients (1).
The water solubility of such drugs can be
improved by various techniques. One of such
most popular techniques is solid dispersions.
They modify the drug properties and make
them more soluble in water (2). Solid
dispersions are the dosage forms with two
major components; a hydrophobic drug and a
hydrophilic carrier. They were made using
various techniques like physical mixing, solvent
evaporation and fusion (3). Solid dispersions
dissolve drug in water by employing various
mechanisms like making complexes, reducing
the particle size, increasing wetting time (4).
The drug concentration in body is maintained
within the therapeutically effective range by
conventional drug delivery systems only when
taken multiple times in a day. This could be
disadvantageous in case of geriatrics who
ought to take many drugs in a day due to
various disease conditions. Dosage forms
which could retain in the stomach for prolonged

and predictable period of time are
advantageous in such cases (5). Prolonged
gastric retention of drug also increases

bioavailability, decreases wastage of drug and
improves solubility for drugs that are less
soluble in a high pH environment (6). This
could be achieved by using certain polymers
like polyethylene oxides (7). Poly ethylene
oxides are hydrophilic in nature and are
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available in various grades. They help in
prolonged drug release (8).

In current study, an attempt was
made to enhance the solubility of BCS

(Biopharmaceutical Classification System)
class-Il drug, Cilnidipine which is poorly
soluble in water. It shows the anti-

hypertensive effect by blocking L-type calcium
channels on blood vessels. It also suppresses
the contraction of blood vessels (9). The
bioavailability of Cilnidipine is approximately
13%. It shows high binding to plasma
proteins. It has an approximate elimination
half-life of 2.5h. Based on pharmacokinetic
parameters, Cilnidipine is selected as drug of
choice for present study.

Materials and Methods

Materials: Cilnidipine is a gift sample
from M/s. NATCO Pharma Ltd. (Hyderabad,
India). Plasdone K-29/32 and micro crystalline
cellulose were gift samples from M/s. Pellets
Pharma Ltd (Hyderabad, India). Poly ethylene
oxide WSR 303 is a gift sample from M/s.
Colorcon Asia Pvt Ltd., (Goa, India).
Magnesium stearate and talc were procured
form S.D Fine Chem. Ltd. (Mumbai, India).

Preparation of Cilnidipine Solid
Dispersions by Solvent Evaporation
Method: Solid dispersions of Cilnidipine were
prepared using plasdone K-29/32 as polymer
in different ratios by solvent evaporation

method (10). Measured quantities of Cilnidipine
and Plasdone K-29/32 were placed in china
dish. Few ml of methanol was added and
heated at low temperature until both gets
melted. The mixture was allowed to evaporate
by continuous stirring. The solid mass obtained
after the solvent evaporation was crushed and
stored in desiccator for further study. The
composition of various Cilnidipine solid
dispersions. (Table 1).

Evaluation of Physical Parameters
of Cilnidipine Solid Dispersions: The
prepared solid dispersions were evaluated for
various physical parameters such as angle of
repose, Carr’'s index, Hausner's ratio, particle
size and drug content (11). The results were
indicated in (Table 2).

Table 1. Composition of Cilnidipine Solid
Dispersions Prepared by Solvent Evaporation
Method

Formulation - .Drug:Ponmer
(Cilnidipine*:Plasdone K-29/32)
CP1 1:1.0
CP2 1:2.0
CP3 1:3.0
CP4 1:4.0
CP5 1:5.0
*One part is equal to 10mg

Table 2. Physical Parameters of Cilnidipine Solid Dispersions

o | gt | Careimex | vammers | il | g
(um) (Mean + S.D)
CD 33 23 1.28 42 09.64+0.98
CP1 24 19 1.22 188 10.04+0.47
CP2 22 16 1.18 172 09.99+0.63
CP3 20 12 1.15 156 10.08+0.31
CP4 22 14 1.17 164 09.95+1.03
CP5 23 15 1.18 169 10.11£0.32
*CD indicates Cilnidipine pure drug; n=3, S.D: standard deviation
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Angle of Repose: The powder flow
properties were determined to know the good
or bad material flow. The powder was taken
into a funnel and poured through it. Below
this, a graph sheet was placed to form a heap
like structure for which, the radius and height
of the heap was measured. Based on these,
the angle of repose was calculated by using
the formula;

8 = tan”(h/r)

Carr’s Index: A simple test was used
to evaluate the flow ability of a powder by
comparing the poured density and the tapped
density of a powder and the rate at which it is
packed down.

Tapped density — Poured densi
Cart's Index = —2F v - v %100
Tapped density

Hausner’s Ratio: It is an indication of
flow properties of the powder. Hausner’s ratio
can be calculated by using the formula;

Tap density

H ‘s Ratio = ——————
ausners Bulk density

Particle Size: A set of sieves were
taken, properly cleaned and are stacked in
descending order of mesh size (increase in
the sieve number). The solid dispersion was
taken in the sieve number 18. The sieves are
closed with lid and sieving was done for 5min.
The material retained on individual sieves
were collected and weighed.

Drug Content Uniformity: Solid
dispersions of Cilnidipine equivalent to 10mg
was weighed and transferred into a 100ml
volumetric flask. To this, small quantity of
methanol was added to dissolve. It was
shaken occasionally for about 15min and the
volume was made up to 100ml by methanol.
The solution was filtered using Whattmann
filter paper. The filtrate was subsequently
diluted with 6.8pH phosphate buffer and the
absorbance was measured at 240nm using
6.8pH phosphate buffer as blank.

In vitro Dissolution Studies of
Cilnidipine Solid Dispersions: Dissolution
studies for all solid dispersions were

performed in a calibrated dissolution test
apparatus (LABINDIA DS8000) equipped with
paddles employing 900 ml of phosphate buffer
pH 6.8 as dissolution medium. The paddles
were operated at 50rpm and temperature was
maintained at 37+1°C throughout the
experiment. The samples were withdrawn at 5,
10, 15, 20 and 30min and replaced with equal
volume of same dissolution medium to
maintain the sink conditions (12). The amount
of the drug dissolved in the dispersions was
estimated by double beam u.v
spectrophotometer at 240nm. The dissolution
profiles were indicated. (Figure 1).

Preparation of Cilnidipine Tablets:
Cilnidipine tablets were prepared by direct
compression technique using the solid
dispersion which showed maximum drug
release. The solid dispersion concentration
was maintained constant, while the
concentration of PEO WSR 303 was increased
the range of 5% to 30% w/w of total tablet
weight. The raw materials were individually
weighed and transferred to mortar. Using
pestle, the components were mixed well and
the prepared granules were passed through
sieve no. 40. The granules were taken into a

plastic bag and lubricated with talc and
magnesium  stearate. Then they were
compressed as tablets under identical

conditions (13). The compositions of various
tablet formulations. ( Table 3).

——CD
——CP1
CcP2
——CT3
—+—CP4

CP5S

Cumulative % Drug Released
3

o 5 10 15 20 25 30

Time (min)

Fig 1. Drug Release Profiles of Cilnidipine
Solid Dispersions

Mean + S.D = Mean values
Deviation of three experiments

Standard
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Evaluation of Pre-Compression
Parameters: The prepared granules were
evaluated for pre compression parameters
such as angle of repose, Carr's index and
Hausner's ratio (14). (Table 4).

Evaluation of Post Compression
Parameters: The compressed tablets were
further evaluated for post compression
parameters such as weight uniformity,
hardness, friability, swelling index and drug
content (15) (Table 5).

Weight Uniformity: Twenty tablets
were selected randomly from a batch
and were individually weighed and then
the average weight was calculated. The
weights of individual tablets were then
compared with the average weight that
was already calculated. The tablets meet
the specifications if not more than 2 tablets

tablet differs by more than 2 times the
percentage limits.

Hardness: The crushing
strength/hardness which is the force required
to break the tablet in the radial direction was
measured using Monsanto hardness tester
(Tab-machines, Mumbai). The tablet to be
tested is held in fixed and moving jaw and
reading of the indicator adjusted to zero. Then
force to the edge of the tablet was gradually
increased by moving the screw knob forward
until the tablet breaks. The reading was noted
from the scale which indicates the pressure
required in kg/cm2 break the tablet.

Friability: Friability test was performed
by using Roche friabilator (REMI Equipment,
Mumbai). Ten tablets of a batch were weighted
and placed in a friabilator chamber and it was
allowed to rotate for 100 revolutions. During

are outside the percentage limit and if no  each revolution these tablets fall from a
Table 3. Composition of Cilnidipine Tablets
Ingredient Formulations
(mg/tablet) CPP CPP1 CPP2 | CPP3 | CPP4 | CPP5 | CPP6
gi‘;tggr'zﬁ)dn (Cc;'lﬂ'sd)'p'”e Solid | 4, 40 40 40 40 40 40
PEO WSR 303 - 12.50 25.0 37.50 50.0 62.50 75.0
MCC (PH 102) 205.0 192.50 180.0 167.50 155.0 142.50 130.0
Talc 2.5 2.5 25 2.5 25 2.5 2.5
Magnesium Stearate 2.5 2.5 2.5 2.5 2.5 25 2.5
Total Weight 250 250 250 250 250 250 250
Table 4. Pre-Compression Parameters of Cilnidipine Granules
Formulation Angle of Repose (0) Carr’s Index (%) Hausner’s Ratio

CPP 30 21 1.22

CPP1 26 19 1.18

CPP2 24 17 1.17

CPP3 23 16 1.15

CPP4 22 15 113

CPP5 21 12 112

CPP6 21 12 112
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Table 5. Post Compression Parameters of Cilnidipine Tablets

) Hard Friabilit ] Drug Content*
, Weight ardness riapility Swelling Index (mgltablet)
Formulation Uniformity (mg) (kglem?) (% loss) (%) 9
(Mean £ S.D)
CPP 250+0.88 3.5+0.08 0.4 - 10.0910.57
CPP1 249+0.94 3.3+0.05 0.3 90 09.96+0.82
CPP2 251+0.39 3.310.07 0.3 141 10.10£0.68
CPP3 250+1.01 3.240.10 0.3 185 10.01£1.03
CPP4 251+0.64 3.240.09 0.3 224 09.92+1.12
CPP5 250+0.82 3.310.04 0.3 262 10.050.93
CPP6 251+0.66 3.241.03 0.2 295 10.15+0.38
*n=6; S.D is standard deviation

distance of six inches to undergo shock. After
completion of 100 revolutions, tablets were
again weighed and the loss in weight
indicated friability. The acceptance limits of
weight loss should not be more than 1%. This
test was performed to evaluate the ability of
the tablets to withstand abrasion in packing,
handling and transporting.

Swelling Index: Swelling index of the
prepared tablets was measured using
dissolution test apparatus (USP apparatus Il
method) with 900 ml of phosphate buffer pH
6.8 as dissolution medium. The paddles were
operated at 50rpm and temperature was
maintained at 37+1° C throughout the
experiment. Weight of the tablet was taken
before the study (W1). The tablet was placed
in the medium for predetermined time. The
swollen tablets were removed, wiped and

weighed (W2). The swelling index was
calculated using the formula;
W2-w1 % 100
Swelling index = W1
Drug Content Uniformity:

Cilnidipine tablets from a batch were taken at
random and were crushed to a fine powder.
The powdered material was transferred into a
100 ml volumetric flask and few ml of
methanol was added to it. It was shaken
occasionally for about 30 minutes and the
volume was made up to 100 ml by adding

methanol. The resulting solution was set aside
for few minutes and the supernatant solution
was collected, filtered by using whattmann filter
paper. Then the filtrate was subsequently
diluted with phosphate buffer pH 6.8 and the
absorbance was measured at 240 nm. This
test was repeated six times (n=6) for each
batch of tablets.

In vitro Dissolution Studies of
Cilnidipine Tablets: Dissolution studies for
Cilnidipine tablet formulations were performed
in a calibrated dissolution test apparatus (USP
apparatus Il method) using 900 ml of
phosphate buffer pH 6.8 as dissolution
medium. The paddles were operated at 50rpm
and temperature was maintained at 37+1° C
throughout the experiment. Samples were
withdrawn at 0.5, 1, 2, 4, 6, 8, 10 and 12h and
replaced with equal volume of same dissolution
medium to maintain the constant conditions.
The amount of drug dissolved was estimated
using U.V spectrophotometer at 240nm. The
dissolution profiles were given in (Figure 2).

Results and Discussion

Preparation of Cilnidipine Solid
Dispersions by Solvent Evaporation
Method: Solid dispersions of Cilnidipine were
prepared using plasdone K-29/32 as carrier in
different ratios by solvent evaporation method.
The composition was given the Table 1.
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Fig 2. Dissolution Profiles of Cilnidipine
Tablets
Mean = S.D = Mean values * Standard

Deviation of three experiments

Evaluation of Physical Parameters
of Cilnidipine Solid Dispersions: Various
physical parameters for Cilnidipine solid
dispersions were evaluated. All the flow
properties were found to be within I.P
specified limits. The obtained results were
indicated in table 2.

In vitro Dissolution Studies of
Cilnidipine Solid Dispersions: Formulation
CP3, prepared using Cilnidipine and plasdone
K-29/32 in 1:3 ratios showed maximum drug
release. This showed that plasdone K-29/32

significantly increases drug release as
suggested by past studies (16, 17). The
dissolution profiles of Cilnidipine solid

dispersions were given in Fig 1.

Preparation of Cilnidipine Tablets:
Cilnidipine tablets were prepared using the
optimized solid dispersions (CP3) along with
various concentrations of PEO WSR 303 by
direct compression technique. The
compositions were given in table 3.

Evaluation of Pre-Compression
Parameters: The pre compression parameter
values obtained for various prepared granules
were given in the table 4. The angle of
repose, Carr's index and Hausner's ratio
values for granules were within the range
specified. Thus all the prepared granules
were found to be stable and suitable for
compression of tablets.

Evaluation of Post Compression
Parameters of Cilnidipine Tablets: The direct
compression method was found to be suitable
for preparation of controlled release tablets.
Cilnidipine  tablets were prepared and
evaluated for post compression parameters.
The results were given in table 5. Weight
uniformity, hardness and friability loss of tablet
formulations were within the specified limits.

In vitro Dissolution Studies of
Cilnidipine Tablets: Dissolution studies were
carried on Cilnidipine tablets using U.S.P
paddle method (apparatus Il) with phosphate
buffer pH 6.8 as dissolution medium by
maintaining the bath temperature at 37+1°C
and the paddles were operated at 50rpm. The
dissolution profiles of tablets were given in
Table 8. The study clearly indicated that
increase in the concentration of PEO WSR 303
as polymer has slowed down the drug release
in the prepared tablet formulations.
Formulation CPP5 containing 25% w/w of PEO
WSR 303 as polymer exhibited controlled and
prolonged dissolution profile. Similar drug
release profile was observed with CPP6
formulation which was made using 30% w/w of
PEO WSR 303. Thus the results obtained
strongly suggest the usage of PEO in
controlled release formulations which matches
with recent findings (18, 19). The results were
shown in Fig 2.

Conclusion

The present study showed that
proportion of polymers used in preparation of
formulations has high impact on dissolution
parameters. The formulation CPP5 prepared
with  Cilnidipine solid dispersions using
Plasdone K-29/32 (1:3 ratios) and PEO WSR
303 (25%w/w) showed slower drug release.
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Abstract

According to WHO, 700,000 people
were affected by antibiotic resistance per year
and it becomes a serious threat to global
health. Keeping in view this observation and
emerging need of new drug candidates to
overcome the antibiotic resistance and also to
fight against the emerging diseases, the
present research study focussed on to
develop some novel antimicrobial agents. The
study involved Insilico design and solvent free
synthesis of some novel
dihydropyrimidinthione derivatives and study
of its antimicrobial activity. The purity of the
synthesized compounds was confirmed by
TLC and melting point determination. The
structures of the synthesized compounds
were characterized, predicted using
CHEMSKETCH, CHEM DRAW and MARVIN
SKETCH software. Drug likeness properties
were studied using MOLINSPIRATION
software. All the synthesized compounds
obey the Lipinski rule of Five. Insilico ADME
studies were performed using SWISS ADME
online web tool, toxicity profile studied using
OSIRIS property explorer software for all the
designed compounds only compound F was
found to be tumorogenic . The docking study
was performed for all thedesigned
compounds against the targeted enzyme
Tyrosyl -RNA Ligase Synthetase (1JIL) using
AUTODOCK 4.2 software. The docking
results showed Compound A, C and D
produced good binding affinity and Compound
B showed significant binding score (-8.30
kcal/mol) compared to standard ciprofloxacin

(-7.32 kcal/mol) Based on the docking score
compounds A, B, C, and F were screened for
their in vitro antibacterial activity against gram
positive and gram-negative organisms using
well diffusion method at the concentration of
100ug/ml. Compound A, B, C and D showed
the good antibacterial activity compared to
standard ciprofloxacin at the concentration of
100pg/ml.

Keywords: Solvent free synthesis, SWISS
ADME, MOLINSPIRATION, OSIRIS,
AUTODOCK 4.2.

Introduction

Antibiotic resistance is all the time
more recognized as a serious and permanent
public health concern and is usually considered
to be a consequence of wide use and misuse
of antibiotics(1). Antibiotic resistance drug
discovery and development is one of the
most essential and rapidly changing avenues
for medicinal chemist. Despite a large number
of antibiotics and for medicinal use, the
treatment of infectious diseases remains an
important and challenging problem(2). This
is because of a combination of factors
including emergence of resistance to current
antimicrobial therapy and rapid increase of
primary and opportunistic fungal infections
in  immune compromised patients like
those suffering from  immunodeficiency
syndrome (aids) or undergoing anticancer
therapy and organ transplantation. So, the
drug resistivity of microbes has been
increased enormously. To combat this
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antimicrobial resistance, it is necessary to
develop a new and effective antimicrobial
drug. Dihydropyrimidinthione is one of the
promising candidates attracted substantial
attention of the medicinal chemists(3).
Dihydropyrimidinthione were reported as
therapeutic leads to develop newer and
effective pharmacophores with enhanced
and a versatle range of medicinal
activities like such as antiviral(5), anticancer(3),
antibacterial(3), antituberculosis(4),
antihypertensive(6), antiarrythmic activities(7).
In keeping in view, the biological significance
and medicinal utility of dihydropyrimidinthione
derivative, the present study involved solvent
free synthesis, molecular docking and study
of some novel dihydropyrimidinthione
derivatives against Tyrosyl t-RNA Ligase
Synthetase as a target enzyme.Green
chemistry approach under solvent free
condition Simplify and improve conditions
have been used traditionally to carry out the
conventional Biginelli reaction involves three-
component one-pot condensation of an
aldehyde, B-ketoester and urea or thiourea in
ethanol under strong acidic condensation HCI
for the synthesis of dihydropyrimidinthione
derivatives by green chemistry approach.
These reactions were performed by three-
component condensation of different types of
an aldehyde (benzaldehyde, acetaldehyde,
furfural, cinnamaldehyde, and salicaldehyde
etc.,), ethyl acetoacetate, and urea or thiourea
at reflux temperature under solvent-free
conditions with catalyst (scheme Il) or without
catalyst (scheme |) to afford the
corresponding dihydropyrimidinthione in good
yield (76—-96%).

Material and Methods

All the chemicals and reagents used
in experimental reactions were Analytical
Grade. The melting point of the titled
compounds were determined using one end
sealed open capillary tube method and are
uncorrected. The purity of the synthesized
compounds was also checked by TLC on a
pre coated silica gel using chloroform:

methanol (9:1) and spots were visualized using
UV- chamber. The 'H NMR and C" NMR
spectra were predicted using CHEM DRAW
software. The Mass spectra were also
predicted by MARVIN SKETCH software. The
compounds were designed by Molecular
docking study using AUTODOCK 4.2 software.
All the synthesized compounds were evaluated
for in silico ADME studies using SWISS ADME
online and for its toxicity profile using OSIRIS
property explorer software.

Synthesis:

General Procedure for the Synthesis
of Titled Compounds: A mixture of 0.1 mole
of substituted aldehydes, 0.1 mole of
Ethylacetoacetate and 0.1 mole of thiourea
with catalyst or without using any catalyst
under solvent free condition, were taken in a
round bottom flask, the reaction mixture was
continuously shaken for two minutes, then
heated wunder reflux for 2 hours, as
the progress of the reaction was observed a
solid compound was started to deposit.
The completetion of reaction was monitored by
TLC using solvent system [chloroform:
methanol (9: 1). the reaction mixture was
allowed to cool and washed with cold water to
remove excess of urea. It was filtered and
recrystallised using ethanol to afford a pure
solid product.

Scheme of Synthesis:

Scheme — I: A mixture of 0.1 mole of
various substituted aldehydes, 0.1 mole of
Ethylacetoacetate and 0.1 mole of thiourea
without any catalyst under solvent free
condition, were taken in a round bottom flask
was shaken continuously for two minutes. The
Reaction mixture was then heated under reflux
for 2 hours, a solid product was started to
deposit. The completetion of reaction was
monitored by TLC wusing solvent system
[chloroform: methanol (9: 1). Then, the reaction
mixture was allowed to cool and washed with
cold water to remove excess of urea. It was
filtered and recrystallised using ethanol to
afford a pure solid product. The solid was
taken out carefully and washed with cold water
to remove excess of urea. Then, recrystallized
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from rectified spirit to afford a pure solid
product (Figure.1.0).

Scheme — II: To a mixture of various
substituted aromatic aldehydes (0.1 mole),
ethyl acetoacetate (0.1 mole), thiourea (0.1
mole) and [Btto][p -TSA] (0.15 mmolL) was
heated at 90°C for 30 minutes under solvent
free condition with magnetic stirring. The
completion of reaction was monitored by TLC.
After cooling, the reaction mixture was poured
on to crushed ice and stirred for 5 min. The
separated solid was filtered and washed with
cold water thoroughly. Then, recrystallized the
synthesized products from ethanol to afford
the pure product (Figure.1.1).

Physical and Spectroscopic Data of
Synthesized Products

Physicochemical Properties: The
Physicochemical properties of the
synthesized compounds were also
determined. The purity of the synthesized
compounds was determined by TLC and
melting point  determination. All  the
synthesized compounds obey’s the Lipinski's

Ethyl aceto acetate Aldehyde Thiourea

rule of five. So, it has a good oral
bioavailability. Determination of the Elementary
analysis for all the synthesized compounds
using CHEMKETCH software.

Spectroscopic Data for the
Synthesized Products: The structures were
characterized using predicted spectrum from
CHEMSKETCH, CHEM DRAW and MARVIN
SKETCH software. Drug likeness properties

were studied using MOLINSPIRATION
software.
A [ethyl 4- (4-chlorophenyl)-6-methyl-2-

thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate]

BC-NMR; & (ppm) = 166 (-C), 61.7 (-
CHy), 174.5 (-C), 141.3 (-C), 128.3 (-CH), 15.6
(-CHs), 54.6 (-CH,), 'H NMR; & ppm: 4.19
(s,7H,-CH), 2.0 (s, 1H, NH), 4.59 (s, 3H, CH3),

7.00 (s,MH,CH), 7.15 (s,1H,CH), 1.30
(s,2H,CH,), Mass (m/z): 310
B [ethyl 4- (3-chlorophenyl)-6-methyl-2-

thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate]

o R

o H,N. NH,
/ z z  Hge o NH
R + solvent free condition \
H s X

H,C N s
Reflux for 2 hrs H

Dihydropyrimidinthione

derivative (A-1)

Fig 1.0. Solvent Free Synthesis of Dihydropyrimidinthione Derivative without Catalyst

RN M % T 5mo|%[Btto] [p-TSA] €™ 0 | /t

Ethyl aceto acetate Aldehyde Thiourea

HyC N S
stirring for 30 min at 90°c H

Dihydropyrimidinthione
derivative ( A-l)

Fig 1.1 Solvent Free Synthesis of Dihydropyrimidinthione Derivative using Catalyst (p-TSA)

Novel Dihydropyrimidinthione Derivatives



Current Trends in Biotechnology and Pharmacy

114

Vol. 16 (Supplementry Issue 2) 111 - 130, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.3s.70

BC-NMR; & (ppm) = 167.2 (C=0),
61.7 (-CH,), 104.2 (C=C), 130 (-C), 54.6 (-
CH,), 15.6 (-CH3), 160.3 (-C=C) 'H NMR; &
ppm: 2.0 (s,1H,NH), 1.30 (s,3H,CHj3), 4.19
(s,1H,-CH), 1.71 (s,3H,CHs), 7.53 (tdd,1H-
CH), 4.59 (s, 3H, CHs ), Mass (m/z): 310.

C [ethyl 4- (2-chlorophenyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate]

BC-NMR; & (ppm) = 167.2 (C=0),
455 (-CH,), 104.2 (-C), 142.8 (-C), 160.3
S-C), 180.4 (C=S), 142.8 (-C), 61.70 (-CH,),
H NMR; & ppm: 4.19 (s,2H,-CH,), 2.0 (s,1H,
-NH), 4.59 (tdd,1H,-CH), 1.30 (s,3H,-CH3),
7.0 (s,1H,-CH), 1.71 (s,3H,CH3), Mass (m/z):
310.

D [ethyl 6-methyl-4- (2-nitrophenyl)-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate]

BC-NMR; & (ppm) = 167.2 (C-O),
46.0 (-CH2), 104.2 (C=C), 180.4 (C=S), 61.70
(-CH,), 142.8 (-C), 137.5 (C=C), 1H NMR; &
ppm: 4.19 (s,2H,-CH,), 2.0 (s,1H,-NH), 4.59
(dd,2H,CH-NH), 8.07 (s,1H,-C), 1.30 (tdd,3H,-
CHs), 7.53 (tdd,1H-CH), 7.32 (s,1H,-CH), 1.71
(s,3h,CHgz), Mass (m/z): 321.

E [ethyl 4- (4-hydroxy-3-methoxyphenyl)-6-
methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate |

BC-NMR; & (ppm) = 167.2 (C-O),
54.9 (-CH2), 104.2 (C=C), 180.4 (C=S), 61.70
(-CHy), 151.2 (-C), 160.3 (-C),1H NMR; d
ppm: 4.19 (s,2H,-CH,), 2.0 (s,1H,-NH), 4.59
(dd,2H,CH-NH), 6.40 (s,1H,-C), 1.30 (tdd,3H,-
CHj3), 6.45 (tdd,1H-CH), 5.0 (s,1H,-OH), 1.71
(s,3h,CH3), Mass (m/z): 322.

F [ethyl 4-[4- (dimethylamino)phenyl]-6-
methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate |

BC-NMR; & (ppm) = 167.2 (C-O),
54.6 (-CH2), 104.2 (C=C), 180.4 (C=S), 61.70
(-CH,), 151.2 (-C), 160.3 (-C), '"H NMR; &
ppm: 4.19 (s, 2H, -CH,), 2.0 (s,1H,-NH), 4.59
(dd,2H, CH-NH), 6.47 (s,1H-CH), 1.30
(tdd,3H,-CH3), 6.88 (s,1H.-CH), 6.45 (tdd,1H-

CH), 5.0 (s,1H,-OH), 1.71 (s,3h,CH3), 2.85
(s,3H,-CH3), Mass (m/z): 319.

G [ethyl 4- (furan-2-yl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate]

BC-NMR; & (ppm) = 167.2 (C-0), 55.8
(-CH2), 104.2 (C=C), 180.4 (C=S), 61.70
(-CH,), 152.5 (-C), 160.3 (-C), 106.7 (-CH) 'H
NMR; & ppm: 4.19 (s,2H,-CH,), 2.0 (s, 1H,
-NH), 4.82 (dd,2H,CH-NH), 6.06 (s,1H,-CH),
1.30 (tdd,3H,-CHg), 6.24 (s,1H.-CH), 7.28
(tdd,1H-CH),1.71 (s,3h,CH3), 2.85 (s,3H,
-CHj3), Mass (m/z): 266.

H [ethyl 4- (2-hydroxyphenyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate]

BC-NMR; & (ppm) = 167.2 (C-0), 44.4
(-CH2), 104.2 (C=C), 180.4 (C=S), 61.70 (-
CH,), 122.9 (-C), 160.3 (-C), 128.4 (-C) 'H
NMR; & ppm: 4.19 (s,2H,-CH,), 2.0 (s,1H,-NH),
459 (dd,2H,CH-NH), 6.70 (s,1H,-CH), 1.30
(tdd,3H,-CH3), 6.89 (s,1H.-CH), 6.90 (tdd,1H-
CH),1.71 (s,3h,CH3), 5.00 (s,3H,-OH), Mass
(m/z): 266.

I [ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate]

BC-NMR; & (ppm) = 167.2 (C-O), 54.6
(-CH2), 104.2 (C=C), 180.4 (C=S), 61.70 (-
CH,), 122.9 (-C), 160.3 (-C), 128.6 (-C) 'H
NMR; & ppm: 4.19 (s,2H,-CH,), 2.0 (s,1H,-NH),
459 (dd,2H,CH-NH), 7.14 (s,1H,-CH), 1.30
(tdd,3H,-CH3), 7.06 (s,1H.-CH), 6.90 (tdd,1H-
CH),1.71 (s,3h,CHj), Mass (m/z): 276.

In Silico Studies

Evaluation of In Silico Adme Properties for
the Synthesized Compounds Using Swiss
Adme Software:

Swiss ADME Tool: The
pharmacokinetics and drug likeness prediction
of compounds were performed online on Swiss
ADME tool. The online prediction was done to

check the compound were inhibitors of
cytochrome  P450.In  additon to the
pharmacokinetic properties such as

Gastrointestinal absorption, Blood-Brain Barrier
penetration, Skin  Permeation, synthetic
associability and drug-likeness prediction like
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Lipinski, Ghose and Veber rules and
bioavailability score were also assessed.
Bioavailability Radar: The drug-
likeness of a molecule can be rapidly assessed
from the Bioavailability Radar. The pink colored
zone is the suitable physiochemical space for
oral bioavailability and the radar plot of the
molecule has to fall entirely in the zone to be
considered drug-like. The pink area represents
the optimal range of each property LIPO
(Lipophilicity): -0.7 < XLOGP 3 < +5.0; SIZE:
150 g/mol< MW < 500 g/mol; POLAR (polarity):
20A%< TPSA < 130A% INSOLU (Insolubility): 0 <
Log S (ESOL) < 6; INSATU (Insaturation): 0.25
< Fraction of Csp3 < 1; FLEX (Flexibility): 0 <

Compound - A

Compound - B

Num. rotatable bonds < 9. From the Swiss ADME
prediction output, it is evident that all the
compounds have the optimal range of all the six
properties, enabling them to be considered to
possess significant chemotherapeutic potentials.

Pharmacokinetics Properties: All the
designed compounds (Fig.1.2 — 2.1) were
observed with high intestinal absorption and
hence should permeate quite easily across the
intestinal lining and available for the cell
membrane. drugs that act in the CNS need to
pass over the blood brain barrier (BBB) to
reach their molecular target. however, little or
no BBB permeation might be required for drug

Compound - C

Fig 1.2
Compound - D

Fig 1.3
Compound - E

Fig 1.4
Compound - F

Fig 1.5
Compound - G

Fig 1.6
Compound - H

Fig 1.7

Compound - |

Fig 1.8

Fig 1.9

Fig 2.1
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molecules with a peripheral target, so as to
avoid CNS side effects.

The Blood-brain  barrier (BBB)
permeation expresses the relative affinity of
the drug for the blood or brain tissue. It was
observed that all the compounds predicted
have no blood-brain barrier penetration and
hence free from CNS side effects.

BOILED-Egg Model: The Brain or
Intestinal permeation method (BOILED-Egg)
is an intuitive graphical method to accurately
predict the passive human gastrointestinal
absorption (HIA) and brain permeability
(BBB). This classification model relies on the
descriptors: WLOGP and TPSA values, for
computing lipophilicity and corresponding
polarity of small molecules. The egg-shaped
classification plot includes the yolk (i.e. the
physicochemical space for highly probable
brain permeation) and the white (i.e. the
physicochemical space for highly probable
passive absorption by the gastrointestinal
tract). The outside grey region stands for
molecules with properties implying predicted
low absorption and limited brain penetration.
from the boiled-egg plots, it has been
observed that all the compounds were spotted
in the white yolk attributed to highly probable
HIA absorption Fig. 2.2.

Molecular Docking:

Ligand Preparation: Structures of
molecules were drawn using ACD Labs
Chemsketch 2017 V.21 and saved in mol
format. Open Babel V.2.4.1 mol format is used
for converting formats (mol to pdb). UCSF
Chimera V.1.13.1rc was used for optimization
and minimizing structures by setting default
options, i.e., steepest descent 100 steps, and
conjugate gradient 10 steps. On adding
hydrogens and assigning Gasteiger’s charges,
the net charge on the molecules is displayed.
On saving the work, molecules were processed
for docking using AutoDock Tool V.1.5.6.

Protein Preparation: Proteins were
selected from PDB (w3.rcsb.org) and initially
processed to remove solvent molecules,
heteroatoms, and other non-standard residues.
AutoDock Tool V.1.5.6 was used to prepare
protein for docking by adding polar hydrogen,
merging non-polar hydrogenand assigning
Kollman’s charges.

Grid Generation: AutoDock Tool is an
interactive graphical tool for coordinate
preparation, docking, and analysis.Preparation
of coordinate files is the most important step of
the process, as it affects docking quality. The
three-dimensional (3D) grid box was created
by AutoGrid algorithm to evaluate the binding
energies on the macromolecule coordinates.
Using AutoGrid, the grid maps expressing the
intact ligand in the docking target site were

Fig 2.2
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calculated. The 3D grid box with 100 grid size
(x, y, z) was created with a spacing of 0.375.
The selected protein and ligand in PDBQT
format were chosen, followed by the
generation of GPF (grid parameter file), after
which Running AutoGrid provided GLG (grid
log file).

Docking: AutoDock V.4.26 is a
computational docking program based on an
empirical free energy force field andrapid
Lamarckian genetic algorithm search method.
In AutoDock, the overall docking energy of a
given ligand molecule is expressed as the
sum of intermolecular interaction energies
including van der Waals attractive and
repulsive energies, H-bond interaction energy,
coulombic electrostatic energy, and the
internal steric energy of the ligand. The
selected protein and ligand on Autogrid
options were subjected to docking, followed
by generation of DPF (docking parameter
file). Running AutoDock provides DLG
(docklog file). By default, ten best
conformations of protein-ligand interactions
were resulted by AutoDock along with binding
energy values, inhibition constant (predicted)
and H-bond interactions. The docking results
are presented below in Tables 1.4 and 1.5.
The complexes with good binding energy
values were built and subjected to LigPlot+
V.2.1 for visualizing interactions Fig.2.4. The
typical interactive patterns are shown in
Figs.2.6, 2.7, 2.8.

Molecular Docking for Anti-Microbial
Activity:

Target Enzyme->Tyrosyl T-RNA Ligase
Synthetase

Target Protein> PDB ID : 1JIL

Active Site: Active sites were selected using
PDB sum by Ligplot interaction.

Standard: Ciprofloxacin

Toxicity  Profile
Explorer:

by Osiris Property

All the synthesized compounds were
studied for its toxicity profile using Osiris
Property Explorer software. The results

OH

Fig 2.5

Docked Poses Of Standard, Compound B And
C in the Binding Pocket with Tyrosyl T-RNA
Ligase Synthetase (PDB ID: 1JIL) and Yellow
Dashed Lines Represents Hydrogen Bond
Interactions
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showed that the most of the studied
compounds were found to be non-toxic or low

Fig 2.7 Compound B
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Fig 2.8 Compound C

risk except compound F which showed
Tumorogenic effect.

In Vitro Antimicrobial Study

Antibacterial activity of synthesized
compounds against gram negative (E.coli and
Pseudomonas aeruginosa) bacteria and gram
positive bacteria (Bacillus subtilis and MRSA)
were investigated in vitro using well diffusion
method.

The evaluation can be done by the following
methods.

e Turbidimetric method.
e Agar streak method

e Serial dilution method.
e Agar diffusion method.

In agar diffusion methods there are about two
types of techniques;

e Agar well diffusion

e Agar disc diffusion

Organism:

e Escherichia coli (gram negative)

e Pseudomonas aeruginosa (gram
negative)

e Bacillus subtilis (gram positive bacteria)

e Methicillin - resistant staphylococcus
aureus (MRSA) (gram positive bacteria)

Control: Distilled water
Concentration: 10 pg/ml
Method: Well diffusion method.

e All the synthesized compounds were
screened for their in vitro antibacterial
activity against gram positive (Bacillus
subtilis and MRSA) and gram negative (E.
coli and Pseudomonas aeruginosa)
organisms using well diffusion method at
the concentration of 100ug/ml. Compound
C showed significant antibacterial activity
against E. coli (17mm), Pseudomonas
aeruginosa (19mm), Bacillus  subtilis
(15mm) and MRSA (14mm) respectively.

e Among the tested compounds, compound
C produces a very good antibacterial
activity.

e Compound A, B, C and F showed the good
antibacterial  activity against MRSA
compared to standard ciprofloxacin.

Results
1. Chemistry and Synthesis

> A series of nine novel
dihydropyrimidinthione derivatives were
synthesized by condensing ethyl aceto
acetate with various aromatic aldehydes
under solvent free condition using catalyst
(p-TSA).
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» The reaction has also been carried out
without using catalyst.

» The progress of reaction were checked by
thin layer chromatography using the
solvent system chloroform: methanol
(9:1).

» The scheme details has been shown in
Table.1.0

Scheme Details: The purity of the
synthesized compounds were characterized
by melting point determination and are
uncorrected. The physiochemical properties
of the synthesized compounds were studied
and has been depicted in the Table 1.1 given
below:

The chemical structures of synthesized
compounds  were characterized using
PREDICTED NMR and MASS SPECTRUM by
the software CHEM DRAW, CHEM SKETCH
and MARVIN SKETCH softwares for elemental
analysis, NMR and Mass spectra respectively.

2. In Silico Studies: The preliminary
QSAR study or drug likeness of the
synthesized compounds were studied using
MOLINSPIRATION software was shown in the
Table 1.2 and 1.3 and the parameters obeys
the Lipinski rule of five. Hence, the synthesized
compounds have a good oral bioavailability.

QSAR, Drug Likeness and Docking
Results: Molecular docking studies of Tyrosyl

Table 1.0

Compound Code

R Structure

A
[ ethyl 4- (4-chlorophenyl)-
6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine
-5-carboxylate ]

H4C

B
[ ethyl 4- (3-chlorophenyl)
-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine
-5-carboxylate ]

C
[ ethyl 4- (2-chlorophenyl)
-6-methyl-2-
thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate ]

D
[ ethyl 6-methyl-
4- (2-nitrophenyl)-
2-thioxo-1,2,3,4-tetrahydropyrimidine
-5-carboxylate ]

E
[ ethyl 4- (4-hydroxy-
3-methoxyphenyl)-6-methyl-
2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate ]
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F Q <CH3 HQC\N—CHS
[ ethyl 4-[4- (dimethylamino) dH . b
phenyl]-6-methyl-2-thioxo-1,2,3,4- HC D
tetrahydropyrimidine-5-carboxylate ] f‘JHa \ %S
G (@) () <0 =
[ ethyl 4- (furan-2-yl)-6-methyl-2 , / o N
-thioxo-1,2,3,4- Y Wao & N w
tetrahydropyrimidine-5-carboxylate ] H M %S
H <c Hg
[ ethyl 4- (2-hydroxyphenyl) ot
-6-methyl-2-thioxo-1,2,3,4- "o ol "
T = N%
tetrahydropyrimidine-5-carboxylate ] o} H N
| <c Hs
[ ethyl 6-methyl-4-phenyl-2- o
thioxo-1,2,3,4-tetrahydropyrimidine-5- Wao 4 N H
carboxylate ] 3 : %ﬁ
Table 1.1. Physicochemical Properties
Compound Molecular Mole_cular Percentage Melt_lng Log RF
Weight ) o Point
Code Formula Yield (%) 0 P Value
(gm/mol) ("C)
A C14H1202N2SCl 310.81 83.3 206 3.54 0.64
B C14H1202N,SCl 310.81 96.7 180 3.75 0.88
C C14H1202N,SCI 310.81 97.6 220 3.59 0.64
D C14H1204N3S 321.36 96.71 170 2.82 0.52
E C15H18N204S 322.38 90.23 160 2.73 0.86
F C16H21N302S 319.42 96.5 85 3.01 0.68
G C12H14N203S 266.32 97.12 158 217 0.75
H C14H16N203S 292.36 82.15 170 2.85 0.8
| C14H16N202S 276.36 85.36 110 2.91 0.58
Table 1.2. Preliminary QSAR Study
Compound Log N N N
Code P Tpsa Atoms Non Nohnh Violations Rotb Volume
A 3.59 | 50.36 20 4 2 0 4 261.54
B 3.57 | 50.36 20 4 2 0 4 261.54
C 3.54 | 50.36 20 4 2 0 4 261.54
D 282 | 96.18 22 7 2 0 5 271.34
E 225 | 79.82 22 6 3 0 5 281.57
F 3.01 53.60 22 5 2 0 5 293.91
G 217 | 63.50 18 5 2 0 4 227.57
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H 285 | 70.59 20 5 3 0 4 256.02
/ 2.91 50.36 19 4 2 0 4 248.00
Table 1.3. Drug Likeness by Molinspiration
Compound Gpcr lon Channel Kinase Nuclear Protease Enzyme
Code Ligand Modulator Inhibitor Receptor Inhibitor Inhibitor
Ligand
A -0.99 -0.55 -1.57 -0.91 -1.49 -0.91
B -0.96 -0.5 -1.46 -0.95 -1.41 -0.85
C -0.97 -0.51 -1.44 -0.94 -1.41 -0.85
D -0.97 -0.47 -1.52 -0.85 -1.37 -0.88
E -0.84 -0.51 -1.23 -0.72 -1.26 -0.73
F -0.81 -0.49 -1.19 -0.76 -1.20 -0.76
G -1.37 -0.86 -2.08 -1.43 -1.91 -1.17
H -9.7 -0.48 -1.44 -0.80 -1.37 -0.77
I -1.05 -0.53 -1.54 -1.01 -1.48 -0.87
Table 1.4. Molecular Interactions of Ligand Compounds with Protein in 1jil
Binding
H-Bond !
Compound H-Bond Interaction Distance Non-Bonding Interactions Energies
Code (Kcal/
(A)
Mole)
. . Ser 194, Leu 223, Phe 232, Asp
A UNKIN: VAL 224 A 2.21 195, Gly 193, Leu 52, Pro 32 6.83
Tyr 170, Asp 177, GIn 174, Asp
B UNK O : GLY 38: A 1.982 80, Thr 75, GIn 196, GIn 190,Val -8.30
191, GIn 191, Asn 124
c } ) Arg 227, Pro 336, Pro 326, Ser 8.28
382, Glu 381, lle 338, Asp 384 '
. . Ala 335, Pro 336, Ser 330, Leu
D UNK O : ARG 65: A 2.065 329, Asp 384, Phen 92, Arg 227 -6.84
Leu 329, Ser 330, Thr 332, lle
E UNK O:LYS90: A 2.675 338, Ser 330, Glu 381, Asp 384, -6.81
Phen 92
F ) ) Pro 326, lle 338, Ala 335, Pro 6.20
336, Asp 384, Arg 227, Arg 65 ’
Pro 326, lle 338, Asp 384, Glu
G - - 381, Ala 335, Leu 329, Pro 336, -5.60
Ser 330
UNK O : SER 194: 2380 Leu 329, Pro 326, Ser 382, Glu
H A 1.796 381, Asp 384, lle 338, Thr 332, -6.20
UNK O: VAL 224 : A ' Ala 335, Arg 227
UNK O : ARG 227: 2 152 Phen 92, Lys 90, Asp 384, Tyr 673
B ' 402, Val 109, Leu 108, Ala 409 )
. . Phen 92, Ser 330, Arg 227, Pro
Ciprofloxacin UUNNKKOC')_LJISS 31371AA 1231 336, Pro 326, lle 338, Ser 382, -7.32
) : : Asp 384, Phe 383
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Table 1.5. Energy Minimization Table

123

s Compound E':S;SS Ligand Inhibitory Vdw - Hb Desolvation
No Code (Kcal/Mol) Efficiency Constant (uM) Energy (K Cal/Mol)
1 -6.83 -0.34 9.92 -8.02

2 B -8.30 -0.42 82.14 -8.87

3 Cc -8.28 -0.32 20.83 -6.86

4 D -6.84 -0.32 7.79 -7.54

5 E -6.81 -0.27 38.83 -7.45

6 F -6.20 -0.27 38.89 -7.51

7 G -5.60 -0.29 152.96 -6.24

8 H -6.20 -0.3 40.96 -7.09

9 | -6.73 -0.29 106.71 -5.97

10 Ciprofloxacin -7.32 -0.22 36.49 -8.04

RNA ligase synthetase (PDB ID: 1JIL) with
designed potential inhibitors was carried out
by using Auto dock 4.2. And the results has
been tabulated in Table 1.4. 2D and 3D
snapshots depicting the docking poses along
with molecular level interactions responsible
for the binding have been shown in Figs 1.13,
1.14, 1.15. for the standard control drug
Ciprofloxacin and nine novel
dihydropyrimidinthione derivatives
respectively. Molecular docking study were
performed for the synthesized compounds
using AUTODOCK software version 1.5.4.

o Antimicrobial Activity - compound B showed
the good binding affinitiy (-8.87 kcal/mol)
towards the target Tyrosyl t-RNA Ligase
Synthetase (1JIL) compared to standard
ciprofloxacin (-8.04) respectively.

o Docking scores or binding energies for all
the synthesized compounds were shown
in the Table.1.4

o Energy minimization values for the
obtaine compounds were also depicted in
the Table 1.5

Evaluation of Pharmacokinetics,
Drug Likeness and Medicinal Chemistry
Friendliness of Molecules—Swiss Adme: To

be effective as a potent drug, a molecule must
reach its target in the body in sufficient
concentration, and stay there in a bioactive
form long enough for the expected biologic
events to occur. Drug development involves
assessment of  absorption, distribution,
metabolism and excretion (ADME) increasingly
earlier in the discovery process, at a stage when

considered compounds are numerous but
access to the physical samples is limited. In
that context, computer models constitute valid
alternatives to experiments. The Swiss ADME
web tool that gives easy efficient input, free
access to a pool of fast yet robust predictive
models for  physicochemical properties,
pharmacokinetics, drug-likeness and medicinal
chemistry friendliness, among which in-house
proficient methods such as the BOILED Egg,
iLOGP and Bioavailability Radar to support
drug discovery endeavors were tabulated as
Table 1.7. Class: <10 — Insoluble, 10 — Poorly,
6- Moderetly, 4 — soluble, 2 — very, 0 highly.
During the time- and resource-consuming
processes of drug discovery and development,
a large number of molecular structures are
evaluated according to very diverse
parameters in order to steer the selection of
which chemicals to synthesize, test and
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promote, with the final goal to identify those
with the best chance to become an effective
medicine for the patients. The molecules must
show high biological activity together with low
toxicity. Equally important is the access to and
concentration at the therapeutic target in the
organism. It has been demonstrated that early
estimation of ADME in the discovery phase
reduces drastically the fraction  of
pharmacokinetics-related failure in the clinical
phases 1. As per the Swiss ADME
predictions, results of which were tabulated in
Tables 1.6, 1.7 and 1.8; all the synthesized
dihydropyrimidinthione derivatives are as per
Lipinski’'s rule. Hence all the synthesized
compounds have potential drug likeness, lead
likeness, skin permeation and synthetic
accessibility. The results showed that the
synthesized compounds are polar with good
to moderate water solubility and are therefore

expected to have good oral absorption and
bioavailability. The predicted gastro-intestinal
absorption was displayed high and could
assess the absence of toxicity at CNS level
due to nonpermeation across the BBB. The log
p values of all designed compounds were
found to be optimal and hence are predicted to
have good permeability and oral absorption.

Elementary  Analysis: All  the
synthesized compounds were dertermined for
elementary analysis using CHEMSKETCH
SOFTWARE. The Elementary values are
depicted in the tabular column 1.9.

Toxicity = Assessment: All the
synthesized compounds were studied for its
toxicity profile using OSIRIS PROPERTY
EXPLORER software. The results showed that
the most of the studied compounds were found

Table 1.7. Drug Likeness Properties using SWISS ADME

Compound Lipophilicity Water Solubility
Code (Log Pojw) (Log S)
iLO XLOG WLOG MLOG SILICO ESO Ali SILICO
GP P3 P P S-IT L S-IT
A 2.96 2.61 1.61 2.03 3.83 - - -4.91
3.37 3.9
9
B 2.92 2.61 1.61 2.03 3.83 - - -4.91
3.37 3.9
9
C 2.87 2.61 1.61 2.03 3.83 - - -4.91
3.37 3.9
9
D 212 1.81 0.86 0.54 1.04 - - -3.67
2.84 4.1
2
E 2.74 1.60 0.67 0.66 2.77 - - -3.84
2.72 3.5
6
F 2.90 2.10 1.02 1.45 2.86 - - -4.40
3.02 3.5
3
G 2.53 1.06 0.55 0.18 2.58 - - -3.53
2.1 2.6
8
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H 2.32 1.62 0.66 0.95 2.71 - - -3.73
2.63 3.3
9
2.70 1.98 0.96 1.51 3.19 - - -4.31
277 3.3
4
Table 1.8. In Silico ADME Prediction using SWISS ADME
Gl BBB P-GP CYPIA | cypact | CYP3A Skin
Compoun Absorptio Permeati Substra 2 9 4 Permeation
d Code P Inhibito e Inhibito
n on te r Inhibitor r cm/s
A High No No Yes Yes Yes -6.34
B High No No Yes Yes Yes -6.34
C High No No Yes Yes Yes -6.34
D High No No Yes No No -6.98
E High No Yes No Yes No -7.13
F High No No No Yes No -6.76
G High No No Yes Yes No -7.16
H High No No No Yes No -6.93
| High No No Yes Yes No -6.58
Table 1.9. Elementary Analysis
Corggg:nd Molecular Formula Molecular Weight Composition
C (54.10%) H (4.86%) Cl (11.41%) N
A C14H1202N2SClI 310.81 (9.01%) O (10.30%) S (10.32%)
C (54.10%) H (4.86%) Cl (11.41%) N
B C14H1202N2SCl 310.81 (9.01%) O (10.30%) S (10.32%)
C (54.10%) H (4.86%) Cl (11.41%) N
C C14H1202N2SClI 310.81 (9.01%) O (10.30%) S (10.32%)
C (52.33%) H (4.70%) N (13.08%) O
D C14H1204N3S 321.36 (19.92%) S (9.98%)
C (55.88%) H (5.63%) N (8.69%) O
E C15H18N204S 322.38 (19.85%) S (9.95%)
C (60.16%) H (6.63%) N (13.16%) O
F C16H21N302S 319.42 (10.02%) S (10.04%)
C (54.12%) H (5.30%) N (10.52%) O
G C12H14N203S 266.32 (18.02%) S (12.04%)
C (57.52%) H (5.52%) N (9.58%) O
H C14H16N203S 292.36 (16.42%) S (10.97%)
C (60.85%) H (5.84%) N (10.14%) O
| C14H16N202S 276.36 (11.58%) S (11.60%)
Table.2.0: Osiris Property Explorer — Toxicity Profile
Corggg:nd Mutagenic Effect Tumorogenic Effect Irritant Effect Reproductive Effect
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5 O & & O
c OO & & O
0 O & & &
e O & & &
i O @& O O
. O & & U
" O & & O
| O & & U
- => indicates the non-toxic effect - => indicates the Tumorigenic effect
Table 2.1. Evaluation of In Vitro Antibacterial Activity
Zone of inhibition
Compound Escherichia Pseudomonas Bacillus Methicillin Resistant-
Code Coli Aeruginosa Subtilis Staphylococcus Aureus
MTCC 433 MTCC 1934 MTCC 121 MRSA
A 12 mm 15 mm 11 mm 11 mm
B 15 mm 17 mm 14 mm 13 mm
C 17 mm 19 mm 15 mm 14 mm
D 15 mm 18 mm 12 mm -
E 16 mm 11 mm 11 mm -
F 11 mm 12 mm 12 mm 13 mm
G 12 mm 13 mm 12 mm -
H 12 mm 13 mm 11 mm -
| 13 mm 12 mm 12 mm -
Ciprofloxacin 22 mm 21 mm 20 mm -
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Evaluation of in-vitro Antibacterial activity
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Fig.2.9
to be non-toxic except compound F which and misuse of antibiotics. So, the drug

showed Tumorogenic effect. The risk of
toxicity profile for the predicted compounds
were depicted in the Table 2.0.

Evaluation of In Vitro Anti-Bacterial
Activity: All the synthesized compounds
were screened for their in vitro antibacterial
activity against gram positive (Bacillus
subtilis and MRSA) and gram negative
(E.coli and Pseudomonas aeruginosa)
organisms using well diffusion method at
the concentration of 100ug/ml was shown
in the Table 2.1. Compound C showed
significant  antibacterial  activity against
E.coli MTCC 433 (17mm), Pseudomonas
aeruginosa MTCC 1934 (19mm), Bacillus

subtilis MTCC 121 (15mm) and MRSA
(14mm) respectively.

Among the tested compounds,
compound C produces a very good

antibacterial activity. Compound A, B, C and F
showed the good antibacterial activity against
MRSA compared to std ciprofloxacin.

The Schematic representation for the
evaluation of In vitro antibacterial activity were
depicted in the Fig.2.9

Discussion

Antibiotic resistance is all the time
more recognized as a serious and permanent
public health concern and is usually
considered to be a consequence of wide use

resistivity of microbes has been increased
enormouslyz. To combat this antimicrobial
resistance, it is necessary to develop a new
and effective antimicrobial drug3. So, we
sought to design, synthesis of novel
dihydropyrimidinthione is one of the promising
candidates attracted substantial attention of the
medicinal chemists®. Dihydropyrimidinthione20
were reported as therapeutic leads to develop
newer and effective pharmacophores with
enhanced and a versatile range of medicinal
activities like such as antivirals, anticancer3,
antibacterial3, antituberculosis4,
antihypertensivee, antiarrythmic activities’.

Most of the drugs on the market today
are entirely chemically synthesized in the
laboratory. Several medicinal chemists had
synthesized dihydropyrimidine (DHPMs)
derivatives showing a wide spectrum of
therapeutic actions as antibacterials, antivirals
as well as antitumor agents.

Green Chemistry approach32 shows
synthesis is in good yields and in less time and
also avoids problems associated with solvent
and reagents use. It was found that PTSA (p-
toluene sulphonic acid) works as an excellent
catalyst for the one-pot three components and

solvent free synthesis of
dihydropyrimidinthione. This technique is
superior to the existing methods. Since

grinding does not require solvents leading to a
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safe and environmental friendly synthesis
solvent free approach opens up numerous
possibilities for conducting rapid organic
synthesis and functional group
transformations more efficiently33. Additionally
there are distinct advantages of these solvent
free reactions. It prevents pollution in organic
synthesis at source®.In solvent free organic
reactions reagents react together in the
absence of any solvent have been reviewed
as a fast developing technology. It is required
to develop safe, practical and environmental
friendly process. Many exothermic reactions
can be accomplished in high yield by using a
technique known as “Grindstone chemistry
"which is one of the “Green Chemistry
Technique”34.

In the conventional synthesis of
dihydropyrimidinthione derivatives requires
nearly 20 hours to complete the synthesis
without using any catalyst and green
chemistry a?proach. Comparison between
conventional”” and solvent free synthesis30
was done by comparing total reaction time
and percentage yield. The results suggest
that solvent free synthesis15 lead to higher
yields within very short reaction times. In
keeping in view, the biological significance,
medicinal utility and inorder to minimize of
solvent and also time consuming with good
yield product of dihydropyrimidinthione
derivative®, the present study involved
solvent free synthesis”, molecular docking
and study of some novel
dihydropyrimidinthione derivatives™ against
Tyrosyl t-RNA Ligase Synthetase as a target
enzyme. solvent-free conditions with catalyst
p-TPSA *' (scheme Il) or without catalyst

(scheme 1) to afford the corresponding
dihydropyrimidinthione in good vyield (76—
96%).
Conclusion

Novel dihydropyrimidinthione

derivatives were designed and synthesized
using Green chemistry approach, eco-friendly
technique in order to increase the speed of
the reaction and the percentage yield. The

purity of the synthesized compounds was
determined by TLC and melting point
determination. The structures were
characterized using predicted spectrum from
CHEMSKETCH, CHEM DRAW and MARVIN
SKETCH software. Drug likeness properties
were studied using MOLINSPIRATION
software. All the synthesized compounds
obey’s the Lipinski's rule of five. All the
synthesized compounds were studied for its
toxicity profile using OSIRIS property explorer
software. The results showed that the most of
the studied compounds was non-toxic, except
compound F which shows tumorogenic effect.
All the synthesized compounds showed good
binding energies against the target enzyme for
antimicrobial activity.Compound B showed
significant antibacterial activity compared to
Standardciprofloxacin at the concentration of
100pg/ml. This result showed Compound B
may be suitable newer molecule for further
development of potential antimicrobial agent
for emerging diseases.
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Abstract

Herbal therapy is becoming
increasingly popular as a safe and effective
treatment option for a variety of medical
problems. Herbs are frequently chosen since
they are natural and do not contain hazardous
chemicals. Clove (Syzygium aromaticum) is a
natural spice with antibacterial and
antioxidant qualities that is used as a
medicine and a preservative. Clove is being
used as a larvicidal agent to treat dengue
fever, which is one of the most significant
health issues in tropical nations. In the
present study, various standardisation
procedure has been used to evaluate the
extracts (Maceration and ultrasonication
process) of the plant. The result showed that
total ash value was found to be as 4%w/w.
Furthermore, swelling index was found to be
as zero indicating absence of mucilage in the
sample. Phytochemical screening showed
that alkaloids are present in drug in higher
amount. Also, it indicated the presence of
tannins and glycosides. These data can be
used to make pharmaceutical preparations
from the clove.

Keywords: Clove, Ultrasonication, ash value,
remedies, bitterness value

Introduction

Herbal remedies are the favoured
treatment choice for a variety of common
diseases in virtually all areas of India due to
its traditional values, fewer known adverse
effects, ease of availability, cost, and other

factors (1, 2). Spices are produced, consumed,
and exported in significant quantities in India.
Out of the eighty-six spices grown worldwide,
India produces over fifty (3). Many leaves
(mint, coriander), bulbs (garlic) and buds
(clove) have been used as food preservatives
and traditional remedies from ancient times in
addition to flavouring agents in meals (4). One
of the most common spices is clove (Syzygium
aromaticum). Cloves are the dried flower buds
of the evergreen tree Syzygium aromaticum,
belonging to family Myrtaceae (5). It is used to
treat dyspepsia and stomach irritations. It is
fragrant, carminative, and stimulating. Clove
buds and essential oils have been recognised
to have antibacterial and antioxidant effects for
a long time (6). Clove oil is widely used to
flavour a variety of foods, including meats,
sausages, baked goods, confectionary,
chocolates, table sauces, pickles, and so on.
Its antibacterial, antiseptic, and antibiotic
qualities make it useful in medicine (7).

Extraction is a phrase used in the
pharmaceutical industry to describe the
separation of medicinally active parts of plants
using the right solvent. Impure liquids,
semisolids, or powders are collected from the
plant area, from which the pure form of active
substances is removed using conventional
techniques. Before moving on to biological
testing, this procedure entails extracting and
determining the quality and an amount of
bioactive components (8-11).

Ultrasound assisted extraction is a
stimulating approach for producing high-value
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compounds, and it will help to raise the value
of some food by-products once they are
employed as a source of natural chemicals.
The most significant advantages will be
simpler extraction, which saves energy, and
the usage of moderate temperature, which is
useful for heat-sensitive chemicals. Many
technique factors must be considered for
effective use of ultrasound-assisted
extraction, the most important of which are
the supersonic power, frequency, extraction
temperature, reactor parameters, and the
solvent-sample interaction. The first
extraction, which is the most profitable
quantity, is finished within the first few
minutes. A rate equation and a defined
method characterization area unit were
required to optimise this approach, which had
previously been lacking. (12-14).

Material and Methods
Authentication

The flowe buds was procured from
local market of Sonipat and authenticated by
department of botany, MDU Rohtak.

Preparation of Extract
Maceration

In a weighing bottle, 20 g of coarsely
powdered drug was shifted to a dry 1000 ml
conical flask. The solvent (methanol) was
poured to the delivery mark in a 500 mL
graduated flask. The flask was corked and left
for 18 hours, shaking often. After that, it was
filtered and placed in a thin porcelain plate. It
was then dried on a water bath. Then stored
in a desiccator so that it can be use further.
The percentage w/w of extractable material
was determined (15).

Ultrasonication Assisted Extraction

In this investigation, ultrasonic-
assisted extraction was used. The extraction
procedure was carried out with methanol as
the solvent. The ultrasonic effect was created
with a ultra-sonicator (Model-TUGOW, 20
kHz). A water bath was put underneath the

extraction set-up to regulate the temperature.
The ultrasonic probe was dipped directly into
the sample-holding solution. To aid in the
extraction process, the ultrasonic device may
generate cavitation with a bubble implosion
effect (16).

Standardisation

Standardisation of Syzygium
aromaticum was carried out for various
parameters such as crude fibre content, ash
values, bitterness value, loss on drying,
extractive value and foaming index were
evaluated according to WHO guidelines (15,
17, 18).

Ash Values

Ash is the residue left after the crude
drug has been incinerated. The inorganic salt
naturally existing in the drug and sticking to it is
represented by the ash residue produced. It
fluctuates within certain limits depending on the
soils. Inorganic particles may also be
intentionally introduced for the aim of
adulteration. As a result, assessing the ash
value provides the foundation for establishing
the identity and cleanliness of any medication,
as well as providing information about its
adulteration/contamination ~ with  inorganic
materials. As a result, ash values are valuable
in identifying the quality and purity of medicinal
drugs (8).

Total Ash

On completion of incineration of
powdered extract(2g) at a temperature not
more than 450°C, a residue is left which is
known as total ash. The percentage of ash was
evaluated on air dried drug basis (8) (Figure 1).

Water Soluble Ash

Water soluble ash is unambiguously
recommended for drugs which are probable to
be exhausted with water. The total ash was
boiled with water (25 ml) for 5 min. In a
crucible, insoluble material was collected and
then washed with hot water. Further it was
ignited at 450°C. The weight of insoluble
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Fig 1. (A) ash of

Incinerator
Powdered Drug of Syzygium Aromaticum

(B) Total

substance was deducted from weight of ash.
Limit given in I.P. for water soluble ash is not
less than 1.7% wiw (8).

Acid Insoluble Ash

Acid insoluble ash was calculated as
per the procedure given in |.P. (8).

Sulphated Ash

Powdered extract (2g) was placed in
a properly weighed crucible and gently ignited
until the substance was completely burned.
After cooling, with 1ml sulphuric acid, residue
was wetted, heat slowly untii no white
vapours are released, then ignite at 800°C £
25°C until black particles are no longer
visible. Before adding a few drops of sulphuric
acid and heating, the crucible was cooled.
Ignited as previously, cooled, and weighed.
The technique was continued until the
difference between two subsequent weighing
was less than 0.5 mg (8).

Extractive Values

It is one of the imperative parameters
for evaluation of a crude drug and helps in
determination of polarity of chemical
constituents. It can be achieved by two
processes of extraction:

Cold Maceration

In a weighing bottle, 4 g of coarsely
powdered drug was shifted to a dry 250 ml
conical flask. The solvent was poured to
the delivery mark in a 100 mL graduated
flask. The flask was corked and left for
18 hours, shaking often. After that, it

was filtered and placed in a thin porcelain
plate. It was then dried on a water bath
before being stored in a desiccator. The
percentage w/w of extractable material was
determined (15).

Loss on Drying

The presence of excessive water in
medicinal plant material may lead to
deterioration through microbial and bacterial
growth or enzyme mediated hydrolysis. There
should be limit of water content for every
plant material. It can be determined by
weighing about 2 g of powdered drug into a
weighed thin and flat porcelain dish. At
100°C, the material was dried until two
consecutive weighing do not fluctuate by more
than 0.5 mg. It was cooled in desiccator and
weighed (15).

Foaming Index

Saponins  containing drugs give
persistent foam. A plant extract/ material
should be evaluated for foaming index to
check its capability to form foam. Foaming
index was calculated according to WHO
guidelines 2011.

The height of foam was measured by
means of equation (i):

ey

Foaming Index =

Where a is the volume in ml of filtrate in test
tube showing 1cm foam height (15).

Crude Fibre Content

Crude fibre content is the deposit
of resistant tissues which can be achieved
after giving treatment to powdered drug
with dilute acid followed by dilute alkali. It is
an important tool for detection of adulteration

in the drug. Crude fibre content was
evaluated (17).
Swelling Index

The volume occupied by the

plant material in millilitre (mL). It provides
idea about the mucilage content of the drug.
It can be calculated by taking the
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Table 1. Serial Dilution for the Initial Test

Tube No. Sq (ml) Safe Drinking Water Quininesl-lgzg:;:)cnhzgéi)d(en:;;0 ml of
1 4.2 5.8 0.042
2 4.4 5.6 0.044
3 4.6 54 0.046
4 4.8 5.2 0.048
5 5.0 5.0 0.050
6 5.2 4.8 0.052
7 54 4.6 0.054
8 5.6 4.4 0.056
9 5.8 4.2 0.058
Sqg- Stock solution of quinine hydrochloride

powdered drug material in a 25 ml stoppered Table 2. Serial Dilution for the Second Test
cylinder. Further, water was added up to
25 mL volume mark. Shaken occasionally Tube No. st (ml) Safe Drinking
during 23 h and then kept aside for one h. Water
The swollen drug material's volume was
calculated (17).

RN

1 9

Bitterness Value

The bitterness value was determined
through standard guidelines issued by WHO
in 2011. The various compositions that were
prepared by serial dilution method for initial
and second test are prepared 0.042-0.058
mg/10mL and 1-10 mL respectively then
bitterness value was calculated according to
equation (ii):

O | N|oo|la|b~|wW|DN

8
7
6
5
4
3
2

Bitterness value in units (per g) = 2000 x CAx B

O || Nl || wW|DN

9 1

10 10 -

Where, A = the quantity of material in mg/mL
of St; B = the volume of St in mL/10mL of St = stock solution (herbal material being
dilution threshold bitter concentration; C = examined)

the quantity of quinine HCL R in mg/10mL
of the dilution of threshold bitter
concentration (15).

organic acids, volatile oils, steroids, tannins etc
17).

. i Result and Discussion
Qualitative Phytochemical

Screening:  Detection ~ of  alkaloids, = Morphological Evaluation of Syzygium
carbohydrates, proteins, flavonoids, resins, Aromaticum

Colour- Dark Brown
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Odour- Pungent
Taste- Spicy and pungent taste
Microscopy

In the microscopy, the epidermis, oil
glands, collumela, clusters of calcium oxalate
crystals, vascular bundles, and cortex are
depicted. However, starch was absent.

Physical Evaluation
Ash Values

The Syzygium aromaticum had a low
ash level (Total ash 4%, water-soluble ash 0.2
%, acid-insoluble ash 0.0041%, and sulphated
ash 0.025 % w/w), suggesting that there were
less organic compounds and foreign organic
materials present as impurities.

o 252, Vascular

% ' bundles
o‘ S &
N ) Columella
(Calcium

LI ~7
Cortex I oxalate crystals)
Oil glands

Fig 2. Microscopy of Clove

Epidermis«L

Table 3. Ash Values of Rhizomes of
Syzygium aromaticum Linn

Ash Values
Total ash 4% wiw
Water- soluble ash 0.2 Y%w/w
Acid-insoluble ash 0.0041%w/w
Sulphated ash 0.025%w/w

Extractive Values

In evaluation of crude drugs, the
extractive value plays an important role.
Further, it helps in understanding the chemical
components of the drugs that was increased
using ulta-sonicatiton in comparision to cold
maceration. The extraction values were found
to be petroleum ether (10.5 %w/w), ethanolic
(10.8%w/w), hydroalcoholic (8.5% w/w), and
water (14.4%w/w).

Loss on Drying

Loss on drying gives idea about
moisture content present in the drug. Loss on
drying was found to as 10%w/w.

Foaming Index

Foaming index was found to as
0.0085%w/w indicating that saponins may be
present in minute amount.

Swelling Index

Swelling index was found to be zero
indicating that there is absence of mucilage
content in the dried buds of clove.

Crude Fibre Content

Crude fibre content was found to be
10.5%w/w.

Bitterness Value
Bitterness value was found to be 7.5.
Phytochemical Investigation

Phytochemical screening of petroleum
ether, alcoholic, hydroalcoholic, and aqueous
extracts obtained using different extraction
techniques such as maceration (MC) and
ultrasonication (US). The vaious

Table 4. Extractive Values of dried Syzygium aromaticum

Extractive Values
S.No. Extract
Cold Maceration Ultra- sonication
1. Petroleum Ether (40-60°C) 4.25%wiw 10.5 %w/w
2. Ethanolic 6.75%w/w 10.8%w/w
3. Hydroalcoholic 5%w/w 8.5% wiw
4. Water 12.5%w/w 14.4%wiw
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phytoconstituents carbohydrates, flavonoids,
glycosides, alkaloids, tannins, amino acids
Table 5. Phytochemical Screening Results of Different Extracts of Syzygium aromaticum

and proteins were present.

136

Petroleum
Alcoholic Hydro_alco Aqueous
S. holic
No. Test (40-60°C)
M U M U M U M U
C S C S C S C S
1. Molisch’s test + + + + + + + +
2. Benedict's test + + + + + + + +
3. Fehling’s test + + + + + + + +
4. Pentose sugar test + + + + + + + +
5. Tollen’s + N . . R . R .
phloroglucinol test
lodine test + + + + + + + +
7. Legal’s test + + + + + + + +
++ + + + + +
8. Keller—Killiani test + : ++ . . ++ N N
9. Foam test + + + + + + + +
10. Cyanogenetic + + N N R . R R
glycosides
++ + 4+ + + 4 + +
11. Hager’s test + + . + + A + +
+ + + + +
++ + ++ + + + + +
12. Mayer's test + + . + + A + +
+ + + + +
++ + ++ + + + + +
13. Wagner's test + + . + + A + +
+ + + + +
++ + ++ + + + + +
14. Tannic acid test + + . + + A + +
+ + + + +
++ + ++ + + ++ + +
15. Dragendroff’s test + + . + + A + +
+ + + + +
16. Salkowski reaction - - - - - - - -
17. 5% FeCls solution ++ N ++ : N ++ N '
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18 Lead acetate + + - + + o + +
' solution + + + + +
. . . + + + + +
19. Acetic acid solution ++ . ++ N N ++ . .
. + + + + +
20. Dilute HNO3 ++ . ++ + " +t + +
. + + + + +
21. Bromine Water ++ . ++ N . ++ N N
22. Biuret Test + + + + + + + +
23 Protein  containing + + N N . . . .
sulphur

24. Precipitation test
a. 5% HgCl» + + + + + + + +
b. 5% CuSO4 + + + + + + + +
C. 5% lead test + + + + + + + +
25. Ninhydrin test + + + + + + + +
26. Cysteine + + + + + + + +
27. Sulphuric acid test + + + + + + + +
28. Lead acetate test + + + + + + + +

Conclusion utilise the novel methods to increase the yield,

The different standardisation lesser solvent consumption and lesser time.

characteristics calculated in this study might
aid in the botanical identification and
standardisation of drugs in unrefined form. On
the basis of its phytochemistry, the original
plant material may also be investigated for its
pharmacological and phytochemical potential.
Short extraction times, minimal solvent
consumption, low hazardous pollution
generation, and high extraction yields were
shown to be major advantages of innovative
or non-conventional extraction techniques.
We can use new techniques to cut down on
time. Using the novel extraction of method,
like ultra-sonication, the yield can be
increased as the cell burst out during the
process of ultrasonication. High frequency of
ultrasound accommodates in the bursting of
cell and penetration of solvent in the drug
thus increasing the yield. Furthermore, the
extraction time is lesser as compared to the
conventional methods of extraction. We can
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Abstract

Syzygium cumini (Family:
Myrtaceae), is known to show antioxidant,
antidiabetic, cardioprotective and
hepatoprotective  activities in  ayurvedic
system of medicine. This study aims at
determining in vitro and in vivo antioxidant
activity of ethanolic extract of S. cumini
(ESC). Effect of ESC on rosiglitazone induced
cardiotoxicity and hepatoxicity in alloxan-
induced diabetic rats was studied. Results of
study indicated that ESC exhibited significant
protection against cardiac and hepatic
damage caused by rosiglitazone in alloxan-
induced diabetes in rats comparable to
silymarin, used as reference standard.
Cardioprotective and hepatoprotective activity
may be attributed to presence of antioxidant
activity.

Keywords: Alloxan,
Cardiotoxicity, Diabetes,
Jambul, Rosiglitazone

Antioxidant,
Hepatotoxicity,

Introduction

Plants based products have been in
use for medicinal or other purpose right from
the dawn of history. Ayurveda, the traditional
Indian system of medicine, involves
dispensing of plant products in various forms
such as powders, extracts, decoction etc.
Interest in medicinal plants has increased
enormously over the last two decades. Herbal
drugs constitute a major part in the traditional
system of medicine of many countries. Large
numbers of these herbal medicines have
been incorporated into practice. Herbs have
been used for easy accessibility and
inexpensiveness. Several drugs of plant origin

have been used in treatment of a variety of
disorders. Many medicines and formulations
have significant antioxidant properties and are
beneficial in treating toxicity in animals.
Phytoconstituents like alkaloid, flavonoids,
tannins, gallic acid and B-sitosterol are known
to possess antidiabetic, hepatoprotective and
cardioprotective activity.

Syzygium Cumini (Family: Myrtaceae),
commonly known as jambul, is native of India
or East India and it's found in some other
countries like Thailand, Philippines,
Madagascar. Seed consist of alkaloid,
flavonoid and tannins. S. cumini seeds are
used in traditional medicinal system for
diarrhea, dysentery, enlargement of spleen etc
(1). Seed extract of S. cumini, the part most
often used in Ayurvedic medicine, having good
level of total phenolic activity. The patient's
blood sugar and glycosuria were lowered by an
oral dose of dry alcoholic extract of jamun
seed. The seed powder is used as an antidote
for strychnine poisoning in India (2). Oxidative
stress can cause hepatotoxicity and
cardiotoxicity ~ due to free radicals.
Hepatotoxicity and cardiotoxicity are treated
with plants possessing free radical scavenging
activities. Literature review revealed that S.
cumini seeds having significant antioxidant
activity (3). Present study was aimed to explore
the potential of S. cumini through the use of
drug induced hepatotoxicity and cardiotoxicity
in experimental animals.

Materials and Method

Animals: Wistar rats (150-200gm) were
procured from Veterinary College, Mumbai. The
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study was performed according to the CPCSEA
guidelines and protocol was approved (Protocol
number: MGV/PC/CPCSEA/XXXII/02/2016/06)
by the IAEC.

Drugs and Chemicals: Rutin and
Gallic acid used for estimation for total phenol
and flavonoid content. Rosiglitazone (Yarrow
Pharmaceutical, Mumbai), Silymarin, Alloxan
monohydrate (Sigma-Aldrich- USA) were
used. Alanine Aminotransferase (ALT or
SGPT), Aspartate Aminotransferase (AST or
SGOT), Alkaline Phosphatase (ALP),
Bilirubin, CK-MB, and LDH were all tested
using biochemical kits.

Preparation of Extract: The seed
powder of S. cumini obtained from local
market. The powdered material (190 gm) was
extracted with ethanol using Soxhlet
apparatus. Filtrate was obtained and
evaporated to get solid ethanolic extract
(Yield: 21.05%w/w).

Preliminary Phytochemical
Screening: Phytochemical screening of
ethanolic extract of S. cumini (ESC) for
presence of various phytoconstituents like
carbohydrate, protein, alkaloids, flavonoids,
phenolic content, glycosides, tannins, steroids
was done using standard procedure(2,4).

Determination of In Vitro Antioxidant

Activity
Free Radical Scavenging Activity:

DPPH Method: The ability to
scavenge free radicals was tested against a
stable free radical of DPPH (1, 1-diphenyl-2-
picryl hydrazyl). Antioxidants react with DPPH
to form 1,1-diphenyl-2-picryl-hydrazine (non-
radical). The amount of discoloration reflects
how effective the drug is at scavenging free
radicals. ESC extract of varying concentration
was used. Absorbance of solutions was
recorded at 517nm. * Percentage inhibition
was calculated. % inhibition  versus
concentration plot was used for determination
of IC50 values.

Reducing Power Assay: Due to
presence of reductants (antioxidants) in the

extracts, the Fe3+/Ferric cyanide complex is
reduced to ferrous form (Fe2+). Depending on
the reduction power of each extract, the yellow
tint of the test solution changes to various
shades of green and blue. Various
concentrations of the plant extracts and
Ascorbic acid were used. Increased
absorbance of the reaction mixture indicates
increase in reducing power (5). Reducing
power was measured by measuring
absorbance at 700 nm by varying the
concentration of the extract and the contact
time.

Total Phenolic Contents: The total
phenolics content of the plant extracts was
determined using spectrophotometric method.
A spectrophotometer set to 765 nm was used
to determine the absorbance. For each
analysis, the samples were produced in
triplicate and the mean absorbance value was
calculated. The calibration curve was
generated using the same process for the
standard gallic acid solution. The concentration
of phenolics (mg/ml) was retrieved from the
calibration curve based on the measured
absorbance. In terms of gallic acid equivalent,
the equivalent content of phenolics in extracts
was calculated (mg of GA/g of extract) (6).]

Total Flavonoids Contents:
Estimation of Total flavonoid content in ESC
seeds using spectrophotometer at 415nm is
dependent on the development of a flavonoid-
aluminium complex. Rutin was used as a
reference compound. Calibration curve was
prepared for rutin using same procedure as for
sample. Calibration curve was used for
measuring concentration of flavonoids (mg/ml).
Flavonoid content in extracts was expressed in
terms of rutin equivalent (mg of rutin/g of
extract)(7).

Experimental Induction of Hyperglycemia in
Wistar Rats: Alloxan is the most well-known
chemical substance utilized in diabetogenic
research and type 1 diabetes induction. Alloxan
is a urea derivative that promotes necrosis of
pancreatic islet cells specifically(6). Alloxan
monohydrate 120mg/kg will be administered by
intraperitoneal route, blood was collected from tail

Cardiotoxicity and Hepatotoxicity
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vein and glucose level was estimate by
Glucometer. Rats with established
hyperglycemia (blood glucose >300 mg/dl) were
included for subsequent treatment.

Experimental

Animals were divided into 6 groups
(n=5). Group I: Distilled water (10 ml/kg, p.o.).
Group II: Alloxan Monohydrate (120 ml/kg,
i.p.). Group lll: Alloxan (120 ml/kg, i.p.) with
Rosiglitazone (10 mi/kg, p.o.) for 21 days.
Group IV & V: ESC 100 mg/kg & 300 mg/kg
respectively with Rosiglitazone (10 ml/kg) for
21 days. Group VI: Silymarin (60 mg/kg) with
Rosiglitazone (10 mi/kg) for 21 days.

ESC, Rosiglitazone and Silymarin
were administered through oral route.

% Change in Body Weight, Relative
Liver and Relative Heart Weight. Each
animal's body weight was measured before
treatment and sacrifice. Each animal's liver and
heart samples were dissected and weighed.

Preparation of Serum and Tissue
Homogenate: After the 21-day therapy, the
animals were sacrificed 24 hours later.
Cardiac puncture was used to get blood
samples. Centrifugation at 3000 rpm for 10
minutes separated the serum. The serum
samples were kept at -20 °C to be used for
liver and kidney function tests. For the
determination of SOD, CAT, GSH, and LPO
activity, a known amount of tissue (liver and
heart) was weighed and homogenised in ice
cold 0.1 M Tris-HCI buffer.

Determination of In Vivo Antioxidant
Activity

Estimation of Superoxide
Dismutase Activity (SOD): The ability of
SOD to suppress the spontaneous oxidation
of adrenaline to adrenochrome was measured
compared to a reagent blank as the change in
optical density every minute at 480 nm. The
results were represented as units of SOD
activity per mg of wet tissue (8).

Estimation of Catalase Activity
(CAT): The assay of CAT is based on ability
of CAT to initiate break down of hydrogen
peroxide.

The absorbance was recorded at 240
nm every 10 seconds for 1minute. The results
were represented as units of CAT activity per
mg of wet tissue (9).

Estimation of Reduced Glutathione
Activity (GSH): It is based on the principle of
development of yellow colour when 5, 5
dithiobis (2-nitro-benzoic acid) (DTNB) is
added to compound containing sulfhydryl
groups. Absorbance was measured at 412 nm
(nM/mg of wet tissue) (10).

Estimation of Lipid Peroxidative
Indices (LPO): Plants and animals both
experience lipid peroxidation, which is a
complex process. Formation of thiobarbituric
acid reactive substances (TBARS) was
measured against reference blank at 535nm
(nM/mg of wet tissue) (11).

Biochemical Assays
Liver Function Tests Assessment.

Aspartate Aminotransferase (AST or
SGOT): The amino group transfer between L-
Aspartate and Ketoglutarate is catalysed by
AST, resulting in Oxaloacetate and Glutamate.
In the presence of Malate Dehydrogenase, the
Oxaloacetate produced reacts with NADH to
create NAD. Mean absorbance change per
minute (AA/ min.) was calculated (12).

Alanine Transaminase (ALT): L-
Alanine and Ketoglutarate are transaminated by
ALT to generate pyruvate and L-Glutamate.
Lactate Dehydrogenase (LDH) then converts
Pyruvate to Lactate while simultaneously oxidising
NADH to NAD'. At a wavelength of 340 nm,
absorbance was measured after 60 seconds.
Every 30 seconds, the reading was repeated. The
average change in absorbance per minute
(AA/minute) was calculated (13,14,15).

Alkaline Phosphatase (ALP):
Hydrolysis of colourless p-Nitro phenyl
Phosphate to yellow coloured p-Nitrophenol
and Phosphate occurs in presence of ALP at
pH 10.3. Absorbance was recorded after every
30 seconds at 405 nm. The average change in
absorbance per minute (AA/minute) was
determined (16).
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Bilirubin: Total bilirubin couples with
diazotised sulphanillic acid in the presence of
TBA to form pink coloured azobilirubin
complex of both direct and indirect bilirubin
and in the absence of TBA, only direct
billirubin reacts with diazotised sulphanillic
acid to form azobillirubin complex. The
intensity of the colour formed is directly
proportional to the bilirubin present in the
sample. Absorbance was measured at 546
nm and 620 nm respectively(17).

Assessment of Cardiac Marker Enzyme

Creatine Kinase (CK)-MB: An anti-
CK-M antibody in the reagent completely
inhibits the CK-M portion of the CK-MM and
the CK-MB in the sample. Initial absorbance
was measured after 10 minutes & absorbance
was repeated after every 1, 2, and 3 minute at
340nm  wavelength. Mean absorbance
change per minute (AA/minute) was
calculated (18).

Lactate Dehydrogenase (LDH)
Activity: LDH catalyzes the conversion
of pyruvate to NAD+ by reducing it
with NADH. The rate of oxidation of NADH
to NAD+ is assessed as a decline in
absorbance proportional to the sample's LDH
activity. Initial absorbance was read after 10

minutes and repeated after every 1, 2, and 3
minute at 340 nm. Average change in
absorbance per minute was calculated
(AA/minute) (19).

Histopathological Examination: The
liver and heart tissues were immediately
removed after scarification of animals and
preserved in 10% formalin solution before
being sent for histopathological testing. These
tissues were embedded in paraffin wax, cut
into tiny thin slices of 3-5 ym thickness, stained
with haematoxylin-eosin, and photographed
under 40X magnification to observe for
histological abnormalities.

Statistical Analysis: The data was
presented as a mean * SEM. One-way
ANOVA was used in the statistical analysis,
followed by Dunnett's multiple comparison
tests. Statistical significance was defined as
p0.05.

Results

Phytochemical analysis of Ethanolic
extract of Syzygium cumini seed
(ESC) revealed presence of alkaloids,
flavonoids, tannins and phenolic compounds
in Figs 1-14.
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Fig 2. Effect of ethanolic extract of S. Cumini and RSG, alloxan on blood glucose level of rats
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In Vitro Antioxidant Activity

Free Radical Scavenging Activity:
The % Scavenging activity increased with the
increase in concentration of the ESC. S.
cumini extract shows good inhibition of DPPH
radical and ICsy, value was found to be
160pg/ml.

Reducing Power Assay: The %
Scavenging activity increased with the
increase in concentration of the ESC.
Ethanolic extract of S. cumini shows good
reducing power as compared to Vit-C and ICs
value was found to be 300 pg/ml.

Total Flavonoid Content. Total
flavonoid content in S. cumini was found to be
48ug of rutin equiv/mg extract.

Total Phenolics Content. Total
phenolic content in S. cumini was found to be
125pug of Gallic acid equiv/mg extract.

Percent Body Weight,
Weight (Liver and Heart)

Significant reduction in body weight
was observed in Alloxan treated group as
compared to normal group, while treatment
group of S. Cumini and Silymarin shows
significantly increased body weight as
compared to RSG treated group. In RSG
treated rats, significant increase in relative
liver weight was observed as compared to
Alloxan treated group, S. Cumini and
Silymarin treated group shows significant
increase in relative weight of liver as
compared to RSG treated group. In RSG
treated rats, significantly increase in relative
heart weight was observed as compared to
Alloxan treated group. S. Cumini and
Silymarin shows significant decreased relative
weight of heart as compared to RSG treated
group.

Relative Organ

Blood Glucose Level

Blood Glucose Level on Day ‘0’:
Blood glucose level on day ‘0" was
significantly decreased in RSG treated rats as
compared to Alloxan treated group. S. Cumini
and Silymarin treatments shows significantly

decreased body weight as compared to RSG
treated group.

Blood Glucose Level on Day ‘3’:
Blood glucose level on day ‘3’ was significant
decreased in RSG treated rats as compared to
Alloxan treated group. S. Cumini and Silymarin
treatments shows significantly decreased blood
glucose level as compared to RSG treated
group.

Blood Glucose Level on Day ‘21’:
Blood glucose level on day ‘21’ was significant
decreased in RSG treated rats as compared to
Alloxan treated group, S. Cumini and Silymarin
treatments shows significantly decreased blood
glucose level as compared to RSG treated
group.

Antioxidant Studies

Effect of ESC on Superoxide
Dismutase (SOD) Level in Rosiglitazone
Induced Cardiotoxicity and Hepatotoxicity
in Rats: Significant decreased SOD level in
liver was observed in RSG treated rats as
compared to Alloxan treated group.

Treatment of S. Cumini and Silymarin
treated significant increase level of SOD in
liver as compared to RSG ftreated group.
Significant decreased SOD level in heart
was observed in RSG treated rats as
compared to Alloxan treated group. Treatment
of S. Cumini and Silymarin significant increase
level of SOD in heart as compared to RSG
treated group.

Effect of ESC on Catalase (CAT)
Level in Rosiglitazone Induced
Cardiotoxicity and Hepatotoxicity in Rats:
Significant decreased CAT level in liver was
observed in RSG treated rats as compared to
Alloxan treated group. Treatment of S. Cumini
and Silymarin treated significant increase level
of CAT in liver as compared to RSG treated
group. Significant decreased CAT level in heart
was observed in RSG treated rats as
compared to Alloxan treated group. Treatment
of S. Cumini and Silymarin significant increase
level of CAT in heart as compared to RSG
treated group.
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Effect of ESC on Reduced
Glutathione (GSH) Level in Rosiglitazone
Induced Cardiotoxicity and Hepatotoxicity
in Rats: Significant decreased GSH level
in liver was observed in RSG treated rats
as compared to Alloxan treated group.
Treatment of S. Cumini and Silymarin treated
significant increase level of GSH in liver
as compared to RSG treated group.
Significant decreased GSH level in heart was
observed in RSG treated rats as compared
to Alloxan treated group. Treatment of
S. Cumini and Silymarin significant increase
level of GSH in heart as compared to RSG
treated group.

Effect of ESC on Lipid Peroxidation
(LPO) Level in Rosiglitazone Induced
Cardiotoxicity and Hepatotoxicity in Rats:
Significantly increased LPO level in liver was
observed in RSG treated rats as compared to
Alloxan treated group. Treatment of S. Cumini
and Silymarin treated significant decreased
level of LPO in liver as compared to RSG
treated group. Significantly increased LPO
level in heart was observed in RSG treated
rats as compared to Alloxan treated group.
Treatment of S. Cumini and Silymarin treated
significant decreased level of LPO in heart as
compared to RSG treated group.

Biochemical Assays
Effect of ESC on AST Level

Significant increase in AST level was
observed in RSG treated rats as compared to
Alloxan treated group. Treatment of S. cumini
significant decrease in AST level was
observed as compared to RSG treated group.
Silymarin treatment shows AST level was
reduced as compared to RSG treated group

Effect of ESC on ALT Level

Significant increase in ALT level was
observed in RSG treated rats as compared to
Alloxan treated group. Treatment of S. cumini
significant decrease in ALT level was
observed as compared to RSG treated group.
Silymarin treatment shows ALT level was
reduced as compared to RSG treated group.

Effect of ESC on ALP level

Significant increase in ALP level was
observed in RSG treated rats as compared to
Alloxan treated group. Treatment of S. cumini
significant decrease in ALP level was observed
as compared to RSG treated group. Silymarin
treatment shows ALP level was reduced as
compared to RSG treated group.

Effect of ESC on Bilirubin Level

Significant increase in Bilirubin activity
was observed in Alloxan treated rats as
compared to RSG treated group. Treatment of
S. cumini in significant decrease in Bilirubin
activity was observed as compared to RSG
treated group. Silymarin treatment show
reduction in Bilirubin level was reduced as
compared to RSG treated group.

Estimation of Cardiac Marker Enzyme
Effect of ESC on CK-MB Level

Significant increase in CK-MB level was
observed in RSG treated rats as compared to
Alloxan treated group. Treatment of S. cumini
significant decrease in CK-MB level was
observed as compared to RSG treated group.
Silymarin treatment shows reduction in CK-MB
level compared to RSG treated group.

Effect of ESC on LDH Level

Significant increase in LDH level was
observed in RSG treated rats as compared to
Alloxan treated group. Treatment of S. cumini
significant decrease in LDH level was observed
as compared to RSG treated group. Silymarin
treatment shows LDH level was reduced as
compared to RSG treated group.

Histopathological Examination

Histopathological study of revealed
disturbance in the normal liver and heart
architecture due to hepatotoxin and cardiotoxin in
Rosiglitazone treated animal, whereas animals
treated with the ESC showed retention of the
normal cellular architecture and it is comparable
with the standard Silymarin group, hence
confirming the significant Hepatoprotective and
Cardioprotective effect of ethanolic extract of
S. cumini seed in Figs 15 and 16.
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Histopathological Examination of Liver

Fig 15. Histopathological studies of H & E stained section of liver showing ‘A’ vehicle treated
animal with normal liver architecture with normal appearance of central vein, kuffer cell, and
hepatocytes. RSG treated rat liver ‘C’ with mild fatty changes, focal necrosis and portal
inflammation. ESC treated rat liver ‘D’ and ‘E’ with reversal of portal inflammation and destruction
of central vein. Silymarin treated rat liver ‘F’ with normal liver architecture, central vein, and portal
inflammation hepatocyte appearing normal

Histopathological Examination of Heart

Fig 16. Histopathological studies of H & E stained section of heart showing ‘A’ vehicle treated
animal with normal architecture of heart and to normal arrangement of the layer of myocardium,
having a normal cellularity, congestion, fatty changes, atrophy and smaller nuclei. In RSG treated
rat heart ‘C’ with myocardial inflammation, hypertrophy, and lipid accumulation and apoptosis.
ESC treated rat heart ‘D’ and ‘E’ with reversal of lipid accumulation apoptosis, hypertrophy and
myocardial inflammation. Silymarin treated rat heart ‘F’ with normal heart architecture, normal
arrangement of the layer of myocardium, fatty changes and atrophy appearing normal
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Discussion

The product of metabolic and
physiological processes is reactive oxygen
species (ROS). Environmental stress causes
oxidative stress by disrupting the balance
between free radical generation and
antioxidant capabilities, resulting in oxidative
stress due to excess ROS, antioxidant
depletion, or both. When a cell's antioxidant
capacity is depleted, damage to -cellular
macromolecules such as lipids, proteins, and
DNA mutations occur, causing harm to target
cells and tissues and, in some cases, cell
death. This damage has been related to an
elevated risk of diseases like diabetes,
cardiovascular disease, cancer, and liver
disease, among others [20]. Hepatotoxicity
and cardiotoxicity has been reported as one
of the damages caused by free radicals [21].

Rosiglitazone, an insulin sensitizer, is
an antidiabetic compound. The use of RSG in
diabetes, on the other hand, has been
implicated in the development of
cardiovascular disease [22]. In diabetic
animals, RSG causes hepatotoxicity and
mitochondrial dysfunction. Drugs having
antioxidant activity are effective in treating
RSG toxicity. RSG induced side effect such
as an increased weight and fat gain upon
treatment with 10mg/kg per day RSG [23].
The higher dose of ESC (300 mg/kg, p.o.)
prevented the increased weight when
compared to toxicity treated animals.

The ethanolic extract of S. cumini was
subjected the presence of alkaloid, saponins,
tannins Flavonoids and antioxidant
compounds. This extract contains flavonoid
and phenolics which have potential to
contribute in management of diabetes and its
complication. ™ In vitro antioxidant activity of
seed extract of S. cumini was performed. The
result of different assay using extract
exhibited antioxidant activity and reducing
power. Alloxan induced diabetic rats showed
a significant reduction in body weight. Insulin
deficiency occurs as alloxan affects protein
and lipid tissues, glucose does not enter the
cells. Instead of glucose, utilization of lipid

and protein as energy sources increases and
body weight losses due to severe damages in
protein of tissues [24].

Toxicity group reflected a significantly
increased liver and heart weight compared to
other group because RSG leads lipid
deposition in liver and heart [25, 26].

Furthermore, in the present study,
treatment of Rosiglitazone in alloxan-induced
hyperglycaemic rats shows significantly
increased blood glucose level on day ‘0’ and
increased glucose level on 3" day compared to
day ‘0’, but at the end of experiment on 21°
day, the glucose level was significantly
increased due to induction of alloxan
monohydrate. RSG treated animals showed
reduction of glucose level compared to alloxan
treated animal. ESC treated animals shown
significantly decreased blood glucose level
compared to RSG treated animals. The
continuous treatment with ESC for 21 days
resulted in a considerable reduction in diabetic
rats' blood glucose levels.

Alloxan causes diabetes by destroying
the insulin-producing beta-islet in the pancreas.
Alloxan treatment caused a multiphase
glycemic response, with changes in plasma
insulin concentration followed by alterations in
beta cell ultrastructure, which eventually led to
necrotic cell death [27].

Rosiglitazone decreases insulin
resistance, an increase in glucose utilization, a
decrease in hepatic glucose production, and an
increase in B-cell function. The primary
peripheral site of action is within adipose
tissue, although other target tissues such as
liver and skeletal muscle are also affected [28].

The most sensitive enzymatic indexes
in liver and cardiac injury produced by ROS
and oxidative stress are SOD and CAT. SOD is
one of the most abundant internal antioxidant
enzymes found in all aerobic cells, and it has
an antitoxin impact against ROS. This
dismutase superoxide anion produced during
metabolism in cell. It reduces the toxicity of
superoxide radicals by converting them to
hydrogen peroxide [29]. CAT breaks down
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hydrogen peroxide into water and oxygen. In
normal homeostasis, the activity of both
enzymes is sufficient to remove ROS [30]. For
biological integrity to be maintained, there
must be a balance between oxidation and
antioxidant levels in the system. Oxidant such
as superoxide anion (02') hydroxyl radical
(HO) may attack the membranes of the liver
and heart cell causing oxidative stress.
Results of this study shown significant
decrease in anti-oxidants enzyme activity
(SOD and CAT) in both liver and heart in RSG
treated rats compared to alloxan treated
group. Treatment of ESC and Silymarin
treated group significantly increases level of
SOD and CAT in both heart and liver as
compared to RSG treated group. This may
suggest that ESC can reduces ROS that may
lessen the oxidative damage to the
hepatocyte and myocardial tissue and
improve the activities of the antioxidant
enzyme, thus protecting liver and heart from
Rosiglitazone damage.

Through the action of GSH-
peroxidase, glutathione (GSH) detoxifies
hydrogen peroxide and lipid peroxides.

Reduced glutathione levels were found to be
significantly lower in RSG-treated rats' liver
and heart tissue, indicating an imbalance
between oxidant and defence mechanisms,
whereas ESC treatment showed a
considerable rise in tissue. The detoxifying
enzymes may be indicated by ESC, and these
enzymes may detoxify the toxicant's ROS
delivery [31].

Lipid peroxidation has been
suggested as the damaging mechanism in
RSG-induced liver and cardiac injury. The
levels of LPO in the liver and heart of animals
in the toxicity group (RSG) were found to be
higher in this investigation. Increased lipid
peroxidation causes tissue damage, and
antioxidant defence mechanisms fail to
prevent the creation of too many free radicals.
Lipid peroxidation was greatly reduced after
pretreatment with ESC. As a result, it's
probable that ESC's hepatoprotective and
cardioprotective properties are attributable to
its antioxidant capability [32].

To evaluate potential toxicity related
with these organs, several hepatic and cardiac
marker enzymes are employed. ALT, AST,
ALP and serum bilirubin are hepatic marker
enzymes, while CK-MB and LDH are cardiac
marker enzymes. In addition, the antioxidant
status of renal and hepatic tissue was
evaluated to establish whether these organs
were under any toxic stress.

In acute liver damage induced by RSG,
in RSG treated animal was showed increase
level of liver enzyme marker as compared to
ESC treated animal ESC significantly reduced
the elevated serum level of AST, ALT, ALP and
total bilirubin as compared to toxicity treated
animals. It was observed that ethanolic extract
of seed extract of S. cumini (100 and 300
mg/kg) showed significant Hepatoprotective
effect in diabetic rat as compared to other
groups. This may be due to antioxidant
property of seed extract; it showed nearly
normal level of liver enzymes. Antioxidant
neutralize the oxidants generate in the liver.
Any changes between level of oxidants and
antioxidants cause development of liver
damage. Plants having antioxidant effect use
to treat diseases due to oxidative stress. In this
study showed S. cumini have liver protection
effect in diabetic rats [33].

Increased level of hepatic enzyme
markers indicator of liver injury. The
disturbance in the transport function of the
hepatocyte as a result of hepatic injury causes
the leakage of enzyme from cell due to altered
permeability of membrane [34]. A fatty liver is
characterized by elevated circulating level of
ALT and AST, markers of hepatocellular
damage. ALP levels were, however,
significantly increased, suggesting induction of
liver injury [23].

RSG causes cardiotoxicity effect,
cardiac biomarkers such as CK-MB and LDH
has been used as indicator for cardiac
disorder. Serum LDH and CK-MB activity have
previously been demonstrated to be elevated
in cardiomyopathy in diabetic patients,
suggesting that they could be used as a
marker for cardiovascular risk and cardiac
muscular injury [35]. In our study, serum LDH
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and CK-MB activities were found to be
increased in diabetic rats, possibly due to
myocardial  dysfunction. Furthermore, a
significant increase in serum LDH and CK-MB
level was observed with RSG treatment,
which was more marked in diabetic rats than
normal rats, indicating that Rosiglitazone has
a cardiotoxic effect.

RSG can induce  myocardial
infarction, cardiomyopathy in diabetes as
shown by increasing cardiac marker. These
effects may be associated to alterations of
cardiac ion channels and other processes
rather than oxidative stress [22]. Medicinal
herbs have long been considered as a source
of novel cardioprotective chemicals.
Methanolic extract of S. cumini seed has
efficiently protected the myocardium against
isoprotrenol-induced myocardial infarction.
(36]

Histopathological study of liver and
heart revealed disturbance in the normal
architecture of liver and heart due to toxicity in
RSG treated animals, whereas animals
treated with the ESC showed retention of the
normal cellular architecture and it is
comparable with the standard Silymarin
group, hence confirming the significant
hepatoprotective and Cardioprotective effect
of ethanolic extract of S. cumini seeds.
Aqueous seed extract of S. cumini (500
mg/kg) showed significant hepatoprotective
effect in diabetic rat's compared to other
group. This may due to antioxidant property of
seed extract. Antioxidant neutralize the
oxidant generated in the liver. Plant having
antioxidant effect use to treat disease due to
oxidative stress [33]. Hepatotoxicity caused
by rosiglitazone can be reversed by co-
administering Silymarin, a proven
hepatoprotective drug, without affecting its
hypoglycemic potential [34]. Methanolic
extract of S. cumini seeds exhibited
cardioprotective  effect on isoprotrenol-
induced myocardial infarction of rat [36].

Silymarin administration causes the
organ's morphological structure to resemble
its physiological appearance. Cardiomyocytes

are cylindrical and regular, with no evidence of
degeneration or necrosis observable. Silymarin
has been shown to protect heart and liver
tissue against doxorubicin-induced damage
[37]. Study reflects good antidiabetic,
cardioprotective and hepatoprotective activity
of ethanolic extract of S. cumini seed at 100
mg/kg and 300 mg/kg orally and effect
produced by the higher dose of ESC was
similar to that produced by Silymarin, having
hepatoprotective cardioprotective activity.

Conclusion

Our finding highlights the efficacy of
ESC as protective effect against RSG induced
oxidative damage to the myocardial and
hepatic cell which induced toxicity. RSG
induction leads to reduction in level of enzymic
and non-enzymic antioxidant. However, the
treatment of ESC normalised the level of all
biochemical and antioxidant parameter. It can
be concluded that ethanolic seed extract of S.
cumini provide a protective and antidiabetic
effect in RSG induced cardiotoxicity and
hepatotoxicity in diabetic Wistar rats.
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Abstract

The present research work mainly
focused on the preparation of methanolic
extracts of Momordica charantia and Luffa
acutangula fruits and their pharmacological
evaluation for anti-anaemic property individually.
The methanolic extracts were prepared by
simple  maceration process. Preliminary
phytochemical screening of the extracts showed
the presence of various phytochemicals. Anti-
anaemic activity was evaluated on wistar rats
using phenyl hydrazine induced anaemia model.
The results of extract treated groups were
compared with that of the anaemic group.
Dexorange syrup was used as standard. Blood
samples were collected through retro-orbital
puncture from rats on day 0, 2, 7, 14, 21 and 28
of treatment and subjected to analysis of red
blood cell count, haemoglobin and hematocrit
using 3-part haematology analyzer. A significant
increase in red blood cell count, haemoglobin
and hematocrit was observed in rats treated with
methanolic extract of Momordica charantia and
Luffa acutangula when compared to that of the
untreated anaemic group. Momordica charantia
showed more anti-anaemic effect when
compared to Luffa acutangula. Thus from the
present study, it was concluded that the
Momordica charantia and Luffa acutangula
showed significant anti-anaemic activity.

Keywords: Anaemia; haemoglobin; phenyl
hydrazine; rats.

Introduction

Anaemia is a condition where there is
a decrease in the total amount of red blood
cells (RBCs) and hemoglobin in the blood. It is
affecting about a quarter of people globally. It

is more common in females, than in males(1).
Haemolytic anaemia occurs due to abnormal
breakdown of RBC, either in blood vessels or
elsewhere in the human body. It causes
several consequences, ranging from relatively
harmless to life-threatening (2).Haemolytic
anaemia may be due to oxidative stress or
defects in RBC membrane production and
haemoglobin production. It shows symptoms
like fatigue, pallor, loss of weight, shortness of
breath and dark colored urine. Anaemia can be
induced by several chemicals. One of them is
phenyl hydrazine. It causes haemolytic
anaemia by increasing the absorption of iron in
liver, spleen and duodenum and there by
leading to altered iron metabolism in body.

Plants have been used for health and
medicinal purposes for several thousands of
years. They support in relieving from several
types of ailments (3). Momordica charantia and
Luffa acutangula belonging to the family
Cucurbitaceae have several therapeutic
benefits. Momordica charantia, commonly
called as “Bitter gourd” and Luffa acutangula,
commonly called as “ridged gourd” are
available throughout India and are extensively
used as vegetables. The fruits of Momordica
have a distinct warty exterior and an oblong
shape. The fruit is most often consumed green.
It is mostly used in culinary. These are useful in
treatment of diabetes mellitus, anthelmintic,
anaemia and rheumatoid arthritis (4). The fruits
of Luffa are slightly bitter in taste with slightly
spongy texture. These are useful in killing of
parasites and to treat gonorrhea, eczema and
anemia (5). The present study was aimed on
the preparation of methanolic extracts from
unripe fruits of Momordica charantia and Luffa
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acutangula and to evaluate their anti-anaemic
potential on Wistar rats.

Materials and Methods

Plant Material: Fruits of Momordica
charantia and Luffa acutangula belonging to
the family Cucurbitaceae were collected from
the local market of Guntur, Andhra Pradesh,
India. Collected material was analyzed and
authentified by Dr. K. Ammani, Professor,
Department of Botany, Acharya Nagarjuna
University. A voucher specimen (02/2017 and
03/2017) was preserved in the Department of
Pharmacology.

Preparation of Methanolic Extract
of Momordica charantia and Luffa
acutangula: The fruits of Momordica
charantia were made into small pieces, dried,
powdered and subjected to maceration. In this
a total amount of 100 g powder is macerated
in 400ml of methanol for 72 hours with
occasional stirring for every 3 hours. At the
end, the extract was passed through a filter
paper and filtrate was evaporated on water
bath to obtain crude. After cooling 2 drops of
chloroform are added for preservation.
Condensed extracts were weighed and stored
in air-tight containers at 4°C till further
investigation. Similar procedure was followed
to extract Luffa acutangula fruits.

Phytochemical Analysis:
Preliminary phytochemical screening was
performed for the methanolic extracts of
Momordica charantia and Luffa acutangula to
detect the presence of various constituents
responsible for the pharmacological activity
like carbohydrates, fixed oils, glycosides,
alkaloids, flavonoids, tannins, polyphenols,
steroids and saponins (6).

Drugs and Chemicals: Dexorange
syrup (Franco-Indian Pharmaceuticals Pvt.
Ltd., Mumbai) and phenyl hydrazine
hydrochloride (Qualigens Fine Chemicals,
Mumbai) were commercially procured from.
All other materials used were of analytic grade
and procured commercially.

Experimental Animals: Healthy adult
male albino rats (Wistar strain) weighing 250—
300 g, housed in polypropylene cages,
maintained under standardized condition i.e.,
12:12 hour light/dark cycle at 25 + 2°C with
paddy husk bedding at the animal house,
Chebrolu Hanumaiah Institute of
Pharmaceutical Sciences, Guntur, India.
Animals were provided with standard pellet
food and had free access to purified drinking
water.

Pharmacological Evaluation:

Induction of Anaemia: Anaemia was
induced in all groups of rats except to the
control group, by intra-peritoneal administration
of 40 mg/kg of phenyl hydrazine (PHZ) for two
days (7).

Treatment of Animals: Rats were
divided into five groups and treated daily for 4
weeks. The control group | is treated with
normal saline solution. The anaemic control
group Il was treated with phenyl hydrazine 40
mg/kg for first two days. The standard group |l
was treated with dexorange syrup at a dose of
1ml/day from day 2 to day 28. Whereas the test
groups IV and V were treated with methanolic
extract of Momordica charantia and Luffa
acutangula respectively at a dose of 200 mg/kg
from day 2 to day 28. This dose was selected
based on the acute toxicity tests from past
studies (8-9). All administrations were done
orally using oropharyngeal cannula once per
day for 28 days (4 weeks).

Analysis of Haematological
Parameters: Blood samples were collected
from the rats through retro-orbital puncture,
before induction of anaemia (day 0), after
induction of anaemia with phenyl hydrazine
(day 2) and on 7, 14, 21 and 28 days of
treatment. The red blood cell count,
haemoglobin concentration and haematocrit
were determined before starting of the study
and on 2, 7, 14, 21 and 28 days using a 3-part
haematology analyzer (BENESPHERA) and
the variations of average values of
haematological parameters were calculated
relative to the mean values of DO and D2 (10).

Anti-Anaemic Activity of Methanolic Extracts
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Statistical Analysis: Graph Pad
Prism 5.0 software was used for the analysis
of the results obtained. The mean value is
accompanied by the standard error of mean
(mean £ SD).

Results and Discussion

The present study was intended to
prepare methanolic extracts of Momordica
charantia and Luffa acutangula and to
evaluate their anti-anaemic property.

Phytochemical  Screening: The
phytochemical investigation of methanolic
extract of Momordica charantia revealed the
presence of alkaloids, carbohydrates, tannins,
flavonoids, glycosides and saponins which
promises their huge pharmacological abilities.
The methanolic extract of Luffa contains all the
phytochemicals except glycosides (Table 1).
Past studies indicate that the phytochemicals
that are present in the methanolic extracts of
these plants have antioxidant activity which
favours tissue regeneration and enhances the
resistance of blood vessels to haemolysis (11).

Alkaloids also been known to posses
anti-anaemic property by inhibiting
phosphodiesterase enzyme thereby

accumulating cyclic adenosine monophosphate
(cAMP). This causes phosphorylation and

Table 1. Phytochemical Screening of
Methanolic Extracts of Momordica Charantia
and Luffa Acutangula

) Methanolic Extracts of
Phytochemical
Constituents Momordica Luffa
charantia acutangula
Alkaloids + +
Carbohydrates + +
Steroids - +
Tannins + +
Flavonoids + +
Glycosides + -
Saponins + +

+ indicates Presence ; — indicates Absence

synthesis of proteins, which increases
erythropoiesis (12). Saponins are also known to
inhibit platelet aggregation and thrombosis. The
methanolic extracts can detoxify the saponins
which allow increase in haemoglobin and
RBC(13). Flavonoids have anti-anaemic potential
and also protect the blood capillaries(14).

In vivo Anti-Anaemic Activity

Effect on Body Weight. The in vivo
anti-anaemic activity was performed by using
phenyl hydrazine hydrochloride induced
anaemia method. After administration of phenyl
hydrazine, there is a decrease in the body
weights of rats from all groups except normal
group. The loss of body weight is one of the
symptoms of anaemia, which would be due to
lack of appetite in anaemic rats. This is mostly
due to improper carbohydrate metabolism.
After the study duration (28 days), the
methanolic extract of Momordica charantia
showed 14.50% increase in body weights of
rats which are nearer to the standard group
(17.65%). This indicates regaining of appetite
in rats during treatment which lead to gain in
body weight (15). The same was also observed
in the rats that were treated with dexorange
syrup (Table 2).

Effect on Red Blood Cell Count:
The administration of phenyl hydrazine leads to
decrease in red blood cell count except in
normal group of rats (16). An increase in
number of red blood cells was observed in
following weeks in treatment groups. The
animals were almost recovered by the end of
the study (28 days). Significantly, the animals
treated with methanolic extract of Momordica
charantia showed 80.88% increase in red blood
cell count. A bit less effect than this was found
with Luffa extract (Table 3).

Effect on Haemoglobin Content:
Haemoglobin is an important constituent of
blood which maintains RBC in constant
functioning and fulfils body oxygen needs.
Administration of phenyl hydrazine on D2
caused a significant decrease in haemoglobin
content in all groups except normal
group(17).

Anti-Anaemic Activity of Methanolic Extracts
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Table 2. Effect of Methanolic Extracts of Momordica charantia and Luffa acutangula on Body
Weight in Wistar Rats

Body Weight (g); Mean = SD (%)
Group Treatment
Day 0 Day 2 Day 7 Day 14 Day 21 Day 28
| Control 300+1.12 | 302+1.77 300+0.81 305+1.64 300+0.14 302+0.77
. 260+1.64 270+1.86
Il Anemic control 298+0.93 (-12.75)° 262+0.22 275+1.55 275+1.94 (+03.84)°
Dexorange 255+1.32 300+1.54
1} Syrup 299+1.24 (-14.71)? 262+1.20 282+3.02 290+1.62 (+17_65)b
Methanolic
W extract of 300£1.02 | 262107 | 75,188 | 282t2.87 | 2004177 | 300:1.99
) (-12.66) (+14.50)
Momordica
Methanolic 275+1.99 310£1.42
Vv extract of Luffa 325+1.56 (-15.38)° 282+1.05 290+1.35 300+1.64 (+12.72)°

a - Percentage variation compared to day 0; b - Percentage variation compared to day 2

Table 3. Effect of Methanolic Extracts of Momordica charantia and Luffa acutangula on Red
Blood Cell Count

Red Blood Cells (106 cells/uL); Mean £ SD (%)
Group Treatment
Day 0 Day 2 Day 7 Day 14 Day 21 Day 28
| Normal 8.92+1.04 | 944172 | 9.02+1.04 | 9274232 | 9.14+1.10 | 9.44+0.44
Control
Anemic 4.5+0.21 7.39+2.01
I ontro) 8748123 | [jpots | 463:154 | 663241 | 7054066 | (100
Dexorange 4.21+1.24 7.93+1.64
I iyl 8.05:241 | %750 | 6206053 | 6.93+172 | 7.2840.89 | |legush
Methanolic
v extractof | 6.62¢2.55 | 4298125 | 6251170 | 7.05+162 | 7254281 | -7/6%1.36
. (-35.19) (+80.88)
Momordica
Methanolic
v extractof | 8.17+0.36 4'3%*31'038 584%142 | 7102096 | 7.76+1.82 8;170612'765’
Luffa (-43.81) (+76.47)

a - Percentage variation compared to day O; b - Percentage variation compared to day 2

After treatment, a progressive recovery Effect on Haematocrit: Haematocrit
was obtained. Animals treated with vitamin  also called as packed cell volume (PCV) is the
syrup showed higher recovery which is  measurement of volume percentage of red
80.41%. A nearer recovery value blood cells in the blood. The administration of
was obtained with Methanolic extract phenyl hydrazine also decreased the
of Momordica which is 80%. Even the haematocrit levels. After four weeks, the
extract of Luffa also showed prominent effect  haematocrit value observed was very high in
(Table 4). case of animals treated with methanolic extract
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of Momordica which is 90.51% when
compared to day 2. This was more than the
standard treatment group (Table 5). The intra
peritoneal administration of 40mg/kg/day of
phenyl hydrazine for two days in Wistar rats
caused a decrease in the concentration of
body weight, haemoglobin, red blood cells
and haematocrit. The results obtained were

similar to those of previous studies who
observed a decrease of number of blood cells
and haematocrit with a phenyl hydrazine
administration(18-19). Considering the results
of the groups IV, V and VI, the methanolic
extract of Momordica charantia fruits have
higher anti-anaemic potential than that of other
vegetable extracts. The anti-anaemic effect of

Table 4. Effect of Methanolic Extracts of Momordica charantia and Luffa acutangula on

Haemoglobin Content

Haemoglobin (in g/dL); Mean + SD (%)
Group Treatment
Day 0 Day 2 Day 7 Day 14 Day 21 Day 28
Normal 17.2141.30 | 17.3121.68 | 16.71+1.60 | 16.91£1.20 | 16.30+1.60 | 17.10£0.53
Control
Anemic 10.73+£1.58 13.27+1.58
1] control 16.12+1.52 (-33.54)° 11.90£1.13 12.72+2.41 13.84+1.95 (+23.36)b
Dexorange 9.77£1.72 17.56+0.95
1] syrup 15.70+£2.03 (-38.21)° 12.33+0.74 15.10+£1.92 17.22+1.58 (+80.41 )b
Methanolic 9.08+0.31 16.23+1.58
\) extract of 14.31+£1.63 (-37.06)° 11.24+1.64 13.81+2.50 15.63+0.58 (+80.00)b
Momordica
Methanolic
v extractof | 14.92:0.82 | 9312180 144 95.134 | 14324167 | 15542039 | 16.1620.86
(-37.58) (+73.11)
Luffa
a - Percentage variation compared to day O; b - Percentage variation compared to day 2

Table 5. Effect of Methanolic Extracts of Momordica charantia and Luffa acutangula on

Haematocrit
Haematocrit (%) (Mean + S.E.M) (%)
Group Treatment
Day 0 Day 2 Day 7 Day 14 Day 21 Day 28
Normal + +1 . 141 +1 N
Control 50.82+0.95 | 49.12+1.08 | 48.34+0.62 50.41+1.75 49.76+1.88 50.24+0.93
Anemic 24.21+1.13 34.93+1.51
1 control 45.80+£1.20 (-47.16) 27.66+1.43 30.20+1.31 32.81+1.71 (+44.21)
Dexorange 27.60+1.62 50.70+1.97
1]} syrup 45.03+0.93 (-38.66) 32.29+1.70 | 45.73%+1.09 49.54+1.44 (+83.69)
Methanolic
v extractof | 42.71+1.53 | 2746127\ o4 70,1 19 | 4524172 | 48572083 | 9222%1:55
. (-35.83) (+90.51)
Momordica
Methanolic
v extractof | 43.17+1.20 | 2753134 | 33004188 | 45.70£1.03 | 48.26x1.28 | 49:14%2:55
(-36.19) (+78.54)
Luffa
a - Percentage variation compared to day 0; b - Percentage variation compared to day 2
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the methanolic extracts was compared with
commercially used dexorange syrup. The
dexorange syrup showed a significant
increase of the content in haemoglobin after
the first week of treatment.

Conclusion

From the above results, it was
concluded that the methanolic extracts of
Momordica charantia and Luffa acutangula
showed promising anti-anaemic effect and
among these two, Momordica charantia
showed more efficacy. Further work is needed
to be done on the isolation of specific
phytochemical component that is responsible
for anti-anaemic activity.
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Abstract

To Explore two heterocyclic based
scaffolds; Pyrimidine and Imidazole for
Anticancer activity targeting Human Lung
cancer cell lines. The designed compounds
were synthesized and evaluated for their
invitro Anticancer activity against Human
Lung Cancer Cell line A549. In Vvitro
anticancer activity revealed that 14h showed
more potent anticancer activity as compared
to the standard drug Sunitinib. This compound
exhibited apoptosis thus, arresting the cell
cycle at GO/G1 phase itself. To conclude, the
above findings clearly demonstrated that the
compound 14h may serve as good anticancer
agent for further development.

Keywords: Pyrimidine, Imidazole, Human
Lung Cancer Cell line.
Introduction

Today, cancer is becoming a

common word, with each one of us closely
related with at least one nearby or a relative
or a friend or a colleague, diagnosed with
cancer (1). It can occur at any age, but it is
more common among the people over 65
years old (2). It has been reported that cancer
has become the major cause of death
worldwide. As per WHO, Cancer is leading
cause of death worldwide, accounting nearly
10 million deaths in 2020. The most common
in 2020 (in terms of new cases of cancer)
were Breast (2.26 million cases), lungs (2.21
million cases), Colon and rectum (1.93 million
cases), Prostate (1.41 million cases), Skin

(1.20 million cases) and stomach (1.09 million
cases). The most common causes of cancer
death in 2020 were lungs, colon and rectum,
liver, stomach and breast (3). This increasing
burden opens the window for the research in
newer anticancer molecules. Tremendous
efforts are taken to combat cancer over the
past few years, but there is still a demand for
new and better drugs (4). Heterocycles are a
good choice when designing molecules that
will interact with targets and influences the
biological pathways involved in cancer
progression, as many of the protein targets are
habited to interact with heterocyclic moieties
(5). With a vision of novel drug design, the
concept of molecular coupling is a significant
approach which involves combination of two
structurally diverse moiety in a single
framework. It is well evident from the literature
survey that Pyrimidine scaffold possesses
significant anticancer activity.

Pyrimidine substituted with another
heterocycle is widely used in the design and
discovery of anticancer drugs. Pyrimidine is a
versatile heterocycle and possesses many
sites which enable it to combine with other
potent moieties to construct a coupled
framework. Such framework has multifaced
mode of action or may bind to various targets
to get desired activity. Imidazole ring have
been lately gaining much attention due to their
roles as attractive scaffolds for biologically
active heterocyclic drugs. In general terms,
physicochemical properties like -1 stacking
interactions, co-ordination bonds with metals
as ligands, hydrogen bond donor-acceptor
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capability, van der Waals, polarization and
hydrophobic forces have caused the
increasing interest in these fragments. These
properties liable for their reactivity enable
derivatives to willingly bind with a series of
biomolecules, including several enzymes and
nucleic acids (6-9).

In the present work, we designed and
synthesized Pyrimidine  coupled  with
imidazole to explore the anticancer potential
of the hybrid moieties in a single framework.
The rationale behind the design of these
coupled framework is to get maximum activity
against Human Lung cancer.

Materials and Methods
Chemicals, Reagents and Cell Lines:

All the chemicals used were of
analytical grade and procured from Sigma-
Aldrich, Loba chemie Pvt Ltd, India and Sisco
Research Laboratories Pvt. Ltd., India. o-
Toluidine, Sulphuric acid, Nitric acid, n-
Butanol, 50% aqueous solution of cyanamide,
50% Ethanol, Stannous chloride dihydrate,

Methanol, Diethyl ether, N, N -
Dimethylformamide dimethyl acetal,
Cyclohexane, Hydrochloric acid, Ethyl

acetate, Sodium sulfate, Dichloromethane,
Thionyl chloride, Sodium hydroxide, Tetra
Hydro Furan (THF), Tri Ethyl Amine (TEA),
Propyl amine, Ammonia, and 2-Acetyl
Imidazole. Cell culture was obtained from
Future Bioscience, Korea. Fetal Bovie Serum,
Antibiotics, Dulbecco's Modified Eagle's
Medium (DMEM), Phosphate Buffered Saline,
Trypsin-EDTA was purchased from HiMedia.
RNase A, Propidium lodide was purchased
from HiMedia. Dichloro-Dihydro-Fluorescein

Diacetate (DCFH-DA) was obtained from
Sigma.  Annexin  V-FITC/PI  apoptosis
detection kit was procured from BD

Biosciences (Cat.No. 556547). Human lung
cancer cell line A549 was procured from
National Centre for Cell Science (NCCS).
A549 cells were preserved in
cryoperservation medium, which contains
10% DMSO, 30% Fetal Bovine Serum and
60% DMEM.

Instrumentation:

Melting points was measured in open
capillaries and were uncorrected. The purity of
all the newly synthesized compounds were
checked by TLC with silica gel glass plates and
the spots were detected by exposure to iodine
and viewed under UV light at A 254 nm. The
infrared (FT-IR) spectra were recorded using
Perkin Elmer Spectrum one FT-IR instrument
at a resolution of 1.0cm™ and in the range of
4000-450cm™”.  Proton Nuclear Magnetic
Resonance (H' NMR) spectra were recorded in
CDCI; as solvent on a Bruker Avance™ 1l
500MHz NMR Spectrometer using Tetra
Methyl Silane (TMS) as an internal standard.
Chemical shifts (&) are expressed in parts per
million (ppm). Mass spectra for the newly
synthesized compounds were obtained from
the Q-TOF Mass Spectrometer (Micromass).
ELISA well plate reader (Robonik India pvt
Ltd.,), Flow cytometer BD FACS VERSE (BD
BioSciences) was used for in vitro anticancer
studies.

Synthesis:
2-Methyl-5-nitroaniline (2)

51.1mL of o-toluidine (1) was added
dropwise to 122.3mL of sulphuric acid cooled
to ice cold condition with vigorous stirring.
Mixture of 8.9mL of 65% nitric acid and 27.2mL
of sulphuric acid was cooled to ice cold
condition and added16, 17 to the above
mixture for a period of 2h. Finally, it was
poured into crushed ice. It was made alkaline,
with aqueous sodium hydroxide. The product
formed was filtered and dried in air.
Recrystallization was done using 50% ethanol.

N-(2-Methyl-5-nitrophenyl)guanidinium
nitrate (3)

2-methyl-5-nitroaniline (2, 25g) in n-
butanol (120mL) was taken. 65% aqueous
nitric acid (10.5mL) was added dropwise. 50%
aqueous solution of cyanamide (22.7mL) was
added to the above mixture. The mixture was
refluxed for 12h and subsequently it was
cooled to 0°C. The precipitate formed was
collected by filtration and washed with an ice

Human Lung Cancer Cell Line
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cooled solution of 50% ethanol and diethyl
ether taken in equal quantity. The product
was dried in air for further use.

4-(Chloromethyl) benzoyl Chloride (10)

4-(hydroxyl methyl)-benzoic acid (9,
15.2g), dichloromethane (50mL), and thionyl
chloride (50 mL) was added into a round
bottomed flask and it was refluxed for 5h. The
excess thionyl chloride and dichloromethane
were removed. The residue was cooled to ice

1 M,
2
N o
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N :h] #
H HyC™ Oy
- Y
9
CODE K R
14f -H -H

14h | -CH,-CH,-CH; | -H

cold condition for 12h. White crystals. mp
30-32°C.

Scheme:
3-Dimethylamino-1-(1H-imidazol-2-yl)prop-
2-en-1-one (6b)

A mixture of 2-acetyl Imidazole (4b,
24.21g) and N, N-dimethylformamide dimethyl
acetal (5, 34.4mL) were refluxed for 16h and then
concentrated to get residue. Cyclohexane (100
mL) was added to the residue and it was cooled
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in ice. The precipitate formed was filtered and
dried in air. Yellow solid. mp 84-86°C.

N-(2-methyl-5-nitrophenyl)-4-(1H-imidazol-
2-yl)pyrimidin-2-amine (7b)

To a mixture of 3-Dimethylamino-1-
(1H-imidazol-2-yl)prop-2-en-1-one (6b,
26.969) and N-(2-methyl-5-nitrophenyl)
guanidinium nitrate (3, 51.40g) in n-butanol
(200mL), sodium hydroxide (8.63g) was
added in solid form and it was refluxed for
16h. After the completion of 16h it was cooled
in ice. The precipitation formed was filtered. It
was washed with methanol and diethyl ether.
The product was dried in air for further use.
Yellow solid. mp 199-201°C.

4-methyl-N-[4-(1H-imidazol-2-yl)pyrimidin-
2-yl]benzene-1,3-diamine (8b)

Stannous chloride di hydrate (11.29 g
in 30mL of hydrochloric acid) was cooled to 0
°C. N-(2-methyl-5-nitrophenyl)-4-(1H-
imidazol-2-yl)pyrimidin-2-amine (7b, 3.69g) in
portions was added to the above mixture and
stirred vigorously for 6h. The mixture was
poured into crushed ice and it was made
alkaline using solid sodium hydroxide.
Extracted three times with ethyl acetate
(100mL). The combined organic phase was
dried over anhydrous sodium sulfate and
evaporated to dryness. Yellow solid. mp 145-
147°C

4-(chloromethyl)-N-(3-{[4-(1H-imidazol-2-
yl)pyrimidin-2-ylJamino}-4-ethylphenyl)
benzamide(11b)

4-methyl-N-[4-(1H-pyrrol-2-

yl)pyrimidin-2-yllbenzene-1,3-diamine

(0.277g), Tetra hydro furan (5mL), and
Triethylamine (0.29mL) were refluxed. The
reaction mixture was cooled to 0°C and
maintained for 10 min. 4-
(chloromethyl)benzoyl chloride (0.217g) in
Tetra Hydro Furan (2mL) was added dropwise
to the above mixture within 10min. TLC of
reaction mass indicated the absence of
starting compound. After stirring the mixture
at 0°C for 3h, 15mL of water was added
dropwise. The resultant precipitate was

collected by filtration and washed with 100mL
of water. The product was dried at 75-80°C.
Light yellow crystals. mp 271-273°C

Compound 14f

4-[aminomethyl]-N-(3-{[4-(1H-imidazol-2-
yl)pyrimidin-2-ylJamino}-4-
methylphenyl)benzamide

4-(chloromethyl)-N-(3-{[4-(1H-imidazol-
2-yl)pyrimidin-2-ylJamino}-4methylphenyl)
benzamide (0.429g) and ammonia(12f, 11.1mL)
were added in a round bottomed flask and
refluxed for 3h. The reaction mass was
checked for the absence of compound (11b).
The resultant mixture was cooled to room
temperature and 10mL of water was added to
it. The precipitate was collected by filtration
and washed with 100mL of water. The product
was dried at 75-80°C. Recrystallized using
methanol. White solid. Yield 94.21%, Melting
range 220-222°C; FTIR (cm™) 3456.09 (Ar N-H
str), 3066.09 (Ar C-H str), 2948.10 (-C-H-str),
2790.01(N-H str), 1648.42 (amide -C=0O str),
1578.98 (-C=C-, -C=N-ring str), 1181.66 (-C-C-
str), 1081.77 (C-N str), 805.79 (N-H wag),
705.60 (C-H out of plane bending), 665.20 (N-
H out of plane bend). '"H NMR (CDCl;) & 8.64
(m, 1H), 8.09 (s, 1H), 7.92 — 7.65 (m, 3H), 7.46
—7.07 (m, 7H), 4.76 (s, 1H), 4.10 (m, 2H), 2.29
(s, 3H), 1.35 (s, 3H). m/z [M" +1] 400.5 Peak
and 382.4 Base Peak observed.

Compound 14h

4-[(propylamino)methyl]-N-(3-{[4-(1H-
imidazol-2-yl)pyrimidin-2-ylJamino}-4-
methylphenyl) benzamide

4-(chloromethyl)-N-(3-{[4-(1H-imidazol-
2-yl)pyrimidin-2-ylJamino}-4-
methylphenyl)benzamide (0.4299) and
propylamine (12h, 11.1 mL) were added in a
round bottomed flask and refluxed for 3h. The
reaction mass was checked for the absence of
compound (11b). The resultant mixture was
cooled to room temperature and 10mL of water
was added to it. The precipitate was collected
by filtration and washed with 100mL of water.
The product was dried at 75-80°C.
Recrystallized using methanol [10,11]. White

Human Lung Cancer Cell Line
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powder. Yield 92.70%, Melting point 226-
228°C. FTIR (cm™) 3430.48 (Ar N-H str),
3055.01 (Ar C-H str), 2878.57 (-C-H-str),
2797.23 (N-H str), 1648.42 (amide -C=0 str),
1576.66 (-C=C-, -C=N- ring str), 747.66 (C-H
out of plane bending), 1050.62 (C-N str),
809.16 (N-H wag), 611.96 (N-H out of plane
bend). '"H NMR (CDCl;) 5 8.64(m, 1H), 8.16 —
7.73 (m, 5H), 7.47 — 7.03 (m, 8H), 4.78 (m,
2H), 2.83 — 2.49 (m, 4H), 2.29 (s, 3H), 1.94
(m, 2H), 1.20 (s, 2H). m/z 4425 (M" +1)
Peak, 440.2 (M"-1) Peak, 398.4 (Base Peak).

In vitro Anticancer Studies:
Cytotoxic Activity

The cytotoxic potential of the
synthesized compounds 14f and 14h was
screened invitro against Human Lung cancer
cell line A549 according to procedures
described in the literature. Sunitinib was used
as standard drug. The results are summarized
in Table 1 Compound 14f and 14h showed a
cytotoxic effect of 10.14% and 51.04%
compared to the standard exhibiting 35.20%
at the concentration of 25uM for 24h. At 48h
compounds 14f and 14h showed 19.24% and
53.28% of inhibitory effect at 25 pM
concentration. The ICsy value was calculated
using the obtained results.

Apoptosis Detection Assay

Human lung cancer cell A549 was
treated with 25uM  concentrations of
synthesized compounds14f, 14h and

standard, diluted in DMSO for 18h. After
treatment, cells were washed with cold
Phosphate  Buffer  Solution and then
resuspended cells in 1X Binding Buffer (dilute
1 part of the 10X annexin V Binding Buffer to 9
parts of distilled water) at a concentration of
1x10° cells/ml. One hundred micro liter (100ul)
of the solution was transferred to a 5ml culture
tube. Five micro liters (5pl) of FITC Annexin V
and 5pl of Propidium lodide were added. The
cells were vortexed gently and incubated for
15min at room temperature (25°C) in the dark.
After incubation, 400 pl of 1X Binding Buffer
was added to each tube and analysis was
carried out within 1h using flow cytometer.

Apoptosis Detection assay was used to
elucidate the mode of cell death caused by the
newly synthesized compounds 14f, 14h and
standard drug sunitinib in Human lung cancer
cell line (A549) after treatment with ICsy
concentration of 25uM for a period of 18h. The
disruption of cell membrane phospholipid
asymmetry, evidenced by Phosphatidyl Serine
(PS) externalization, was examined by utilizing
annexin V-FITC and propidium iodide assay
and monitored via the flow cytometer protocol.
The cell distributions in flow cytometric
histograms are as follow: Cells in the lower left
quadrant (Q3) represented live cells. Cells that
are viable shows Annexin V-FITC and PI
negative. The lower right quadrant (Q4)
represented early apoptotic cells. Early
apoptotic cells show Annexin V-FITC positive
and Pl negative. The upper right quadrant (Q2)

Table 1. Percentage of Scavenging Activity at 24h

Comp 5uM 25uM 50uM 75uM
Code
14f 10.08 10.14 19.80 26.91
14h 42.08 51.04 54.08 59.20
Standard 26.08 35.20 44.48 59.20
Percentage of scavenging activity at 48h
14f 28.28 19.24 26.77 30.67
14h 33.16 53.28 56.12 67.38
Standard 27.84 29.79 53.90 67.02

Human Lung Cancer Cell Line
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represented late apoptotic cells. Cells that are
in late apoptosis shows Annexin V-FITC and
Pl positive and the necrotic cells show Pl
positive only. The upper left quadrant (Q1)
represents necrotic cells. The necrotic cells
show PI positive only (Fig.1).

The addition of both early and late
apoptotic cells (annexin V-FITC positives)
was defined as the total percentage value of

C A+P - All Events

14H - All Events

apoptotic cells. When Human A549 lung
cancer cells were treated with the newly
synthesized compounds 14f, 14h and Standard
drug sunitinib (25uM) for 18h, the total
percentage of apoptotic cells increased up to
28.96%, 38.01% and 21.03% at 25uM
respectively (Table.2). This indicates that the
newly synthesized compounds 14f, 14h and
Standard drug sunitinib was able to induce
apoptosis of Human A549 lung cancer cells.

14F - All Events

¢ 1w ° ' »*
FAITC-A

STD - All Events

Fig 1. Apoptosis Detection Assay

Apoptosis Detection Assay - Flow cytometric analysis of the newly synthesized compounds
14f, 14h and Standard drug sunitinib in Human A549 lung cancer cells using the Annexin V-
Fluorescein isothiocyanate / Propidium lodide method. (i) Control group, (ii-iv) treatment with the
newly synthesized compounds 14f, 14h and Standard drug sunitinib

Table 2. Total Percentage of Apoptotic Cells Exhibited by the Newly Synthesized Compounds at

ICso Concentration
S. No. Compound Code Total Apoptotic Cells in % (at 25uM)
1 14f 28.96
2 14h 38.01
3 Standard 21.03

Human Lung Cancer Cell Line
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Table 3. Percentage of Cells in each phase of Cell Cycle after Treatment with 25uM of the Newly

Synthesized Compounds and Standard

Compound

P7 (GO/G1)

P8 (S) P9 (G2)

Control

100

100 100

14f

2514

257.13 176.57

14h

73.89

10.03 9.29

Standard

60.47

13.79 5.78

14F - P2

14H- P2
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Fig 2.. Graph Showing Result Generated for
Cell Cycle Analysis using Flow Cytometer

Cell Cycle analysis

Changes in cell cycle due to the
synthesized compounds 14f, 14h and
standard were estimated using flow
cytometry. Briefly, after treatment of cells with
25uM concentration of the synthesized
compounds14f, 14h and standard for 18h,
cells were harvested and washed with 1X
Phosphate Buffer Solution. The cells were
treated with 75ug of RNase for 30 minutes at
room temperature. After treatment, cells were
washed with 1X Phosphate Buffer Solution.

The cells were then incubated with propidium
iodide (1mg/mL) for 15 minutes. After 15
minutes, the cells were washed and
resuspended in 1X Phosphate Buffer Solution.
Cell cycle analysis was estimated in flow
cytometry. From the flow cytometry data, the
control cells in each phase of the cell cycle
were considered as 100% and changes in
treated cells were calculated with respect to
control cells[12-18].

Further, cell cycle analysis was carried
on BD FACS VERSE (BD BioSciences) flow
cytometer using propidium iodide. Human
A549 lung cancer cell lines was treated with
14f, 14h and standard drug sunitinib at a
concentration of 25uM for a period of 15min
(Fig. 2).

Treatment of newly synthesized
compounds with 14h and standard drug
sunitinib at 25uM showed increase in fraction
of cells 73.89% and 60.47% respectively
arrested in G1 phase from control (50.23%).
The DNA contents of the live population
(control) were 50.23%, 11.99% and 7.81% for
untreated cells at 25uM, respectively for
G0/G1, S and G2/M phase. Human A549
cell line treated with compound 14h showed
73.89%, 10.03% and 9.29%, standard
drug sunitinib showed 60.47%, 13.79% and
5.78% respectively for GO0/G1, S and
G2/M phase. compound 14f showed 25.14%,
25713% and 176.57% respectively for
G0/G1, S and G2/M phase (Table. 3). Taken
together, the results of apoptosis and cell cycle
analysis suggest that the compound 14h delay
the cell cycle progression by arresting the cell
cycle at G1phase and Compound 14f at S
phase.

Human Lung Cancer Cell Line
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Conclusion

The designed compounds were
synthesized using chemicals of synthetic
grade and obtained a good yield. The spectral
data of the synthesized compounds were
consistent with the assigned structure. In vitro
anticancer activity revealed that 14h showed
more potent anticancer activity as compared
to the standard drug Sunitinib. This compound
exhibited apoptosis thus, arresting the cell
cycle at GO/G1 phase itself. To conclude, the
above findings clearly demonstrated that the
compound 14h may serve as good anticancer
agent for further development.
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Abstract

Hydralazineis a BCS class |l
antihypertensive drug. The main aim of this
study is to improve the dissolution and thus
the bio availability of hydralazine by preparing
fast dissolving oral films of Hydralazine HCI.
The objective of this study is to enhance
therapeutic efficacy, compliance &
convenience of geriatric and pediatric patients
by preparing hydralazine fast dissolving oral
films by solvent casting method. The
hydralazine films were prepared by using
different film forming polymers. Various
grades and concentrations of hydroxypropyl
methylcellulose (HPMC) E 3 and E 15, methyl
cellulose (MC), sodium carboxy methyl
cellulose (CMC), varying the surfactants like
Sodium Lauryl Sulfate (SLS) and Poly vinyl
pyrrolidone (PVP) are used. Morphological
studies, Thickness  uniformity, Folding
endurance, Drug content uniformity test, In
vitro dissolution studies, Weight variation tests
were performed for evaluation of films.The
film formulation F12 having HPMC E 15, PVP
and Glycerol showing the greatest dissolution
and bio availability and could give quick onset
of action upon administration when compared
to other formulations.

Keywords: Hydralazine Hcl, oral fast
dissolving films, hydroxypropyl
methylcellulose, sodium carboxy methyl

cellulose, solvent casting method.

Introduction

Hydralazine is a BCS class Ill anti
hypertensive drug. It is a hydralazine

derivative vasodilator used in the treatment of
diseases like hypertension and heart failure. It
interferes with calcium transport may be by
preventing influx and efflux of calcium into
cells, resulting that to relax arteriolar smooth
muscle and lowers the pressure of blood. This
results in decreased vascular resistance leads
to increased heart rate, stroke volume, and
cardiac output(1-3). Among all the drug
delivery routes, the oral route is the most
preferred route due to its ease of
administration, non-invasiveness, adaptability,
patient compliance and acceptability (4)Oral
Solid dosage forms also have impervious
difficulties in patients especially for geriatric
and pediatric patients. Dysphasia is most
common among all age group patients(5).
Research and development in the oral drug
delivery systems has led to transition of
dosage forms from simple conventional
tablets/capsules to modified release tablets or
capsules to oral disintegrating tablet (ODT) to
wafer to oral Dissolving Films. Many
pharmaceutical firms have directed their
research activity in reformulating existing drugs
into new dosage forms like films. Fast
dissolving oral films constitute an innovative
dosage form that overcome the swallowing
problem and provides speedy onset of action.

A fast-dissolving oral film drug
delivery system is a film containing active
pharmaceutical ingredient and hydrophilic
polymers that rapidly dissolves or
disintegrates in the saliva, with an in-vitro
disintegration time of approximately 30
seconds without the need of water or
chewing(6).
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Basically the FDOFs can be
considered as an ultra-thin postage stamp
size strip contains active pharmaceutical
ingredient and other excipients. The
introduction of FDOFs in market was
accompanied by educating the mass about
the proper way to administer the product like
giving instructions “do not swallow” or “do not
chew’In this present study, the hydralazine
Hcl oral films were prepared by solvent
casting technique. The main advantages of
this technique are greater uniformity of
thickness, Greater film clarity, more flexibility,
and better physical properties than other
methods like hot melt and solid dispersion
extrusion methods(7).

Materials and Methodology
Materials

In this present study, the hydralazine
Hcl films were prepared by solvent casting
technique. hydralazine hcl was purchased
from aurobindo pharma and bio adhesive
hydrophilic polymers like Hydroxyl propyl
methyl cellulose (HPMC) E 3 and E 15was
purchased from Loba chemic pvt. Ltd,
Mumbai, Yarrow chem products, methyl
cellulose (MC), sodium carboxy methyl
cellulose (CMC) from Merck
specialitiespvt.Ltd, varying the surfactants like
Sodium Lauryl Sulfate (SLS), Poly vinyl
pyrrolidone(PVP) and other ingredients like
SLS, PVP, Citric acid, mannitol, flavouring ,
colouring agents and distilled water were
used in the formulation of films.

Methods

Preformulation  Studies: These
studies may be described as a stage of
development during which the

physicochemical and biotherapeutical
properties of a drug substance are
characterized. It is an essential step in the
drug development. Pre-formulation studies
are an investigation of physical and chemical
properties of the drug substances alone and
combined with excipients like colour, form,

melting  point, and  solubility studies,
micrometric properties, compatibility studies,
analytical studies etc. The information
produced during this phase is used for making
critical decisions in subsequent stages of
development.(8)

The APl was Tested for the Following
Properties

. Organoleptic Properties

o Melting point

. Solubility

. Drug — Excipients compatibility studies

Organoleptic Properties: The drug
sample was viewed under the compound
microscope for the determination of drug
morphology by using the black and white
backgrounds. Then the results were compared
with the official books and United States
Pharmacopoeia.

Melting Point: Melting point of
hydralazine was determined by using melting
point apparatus.

Solubility: According to the Indian
Pharmacopoeia the drug solubility was studied
in different solvents (aqueous and organic).The
drug solubility was checked in methanol, PEG,
water. The drug shows maximum solubility in
methanol and it is partially soluble in water.

Calibration Curve of Hydralazine HCL in
Artificial Saliva Buffer

Preparation of Artificial Saliva
Buffer: 0.844 gm of Nacl,1.2 gm of Kcl, 0.93
gm of Cacl, 0.11 gm of Mgcl,0.342 gm of KPO,
were weighed and added one by one to 500 ml
of distiled water and then the volume was
made up to 1000 ml by using water then the pH
was adjusted to PH 5.8 with 0.1N hydrochloric
acid.(9)

Preparation of Stock Solution: 10mg
of HYDRALAZINE HCL was dissolved in 10ml
of pH 5.8 Atrtificial saliva buffer (1000ug/ml).
1ml of this solution was taken in 100 ml
volumetric flask, and made up to volume with
pH 5.8 Artificial saliva buffer.

Hydralazine HCL
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Preparation of Standard Solution:
The above solution was subsequently diluted
with pH 5.8 Artificial saliva buffer to obtain series
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. Weight variation
. Disintegration time
Morphological Studies: A visual

of dilutions containing 10, 12, 14, 16, 18, 20
pg/ml of HYDRALAZINE HCL. The absorbance
of the above dilutions was measured at 235nm
by using UV- Spectrophotometer taking pH 5.8
artificial saliva buffer as blank. Then a graph
was plotted by taking concentration on X-axis
and absorbance on Y-axis which gives a
straight line.

Manufacturing Methods

Preparation of Hydralazine Oral Fast
Dissolving Films by Solvent Casting
Method

o Oral dissolving films are formulated by
using the solvent casting method, Drug
(HydralazineHcl) was dissolved in sufficient
amount of methanol.

. Then the polymers (HPMC E 3, E 15)
were completely dissolved in suitable amount
of hot water.

° Other ingredients like SLS, PVP, Citric
acid, mannitol, flavouring and colouring
agents are added one by one in a test tube
containing distilled water.

o These three solutions were mixed
vigorously and finally this solution was casted
on a Petri dish and dried in hot air oven at
50°C for 4 hours. The films were carefully
removed from Petri dish, checked for any
imperfections. The samples were stored in the
desiccators for further analysis(10)

. The Formulation of HYDRALAZINE
HCL Oral Fast Dissolving Films was given in
Table 1.

Evaluation Oral Fast Dissolving Films

. Morphological studies

. Thickness uniformity

o Folding endurance

o Drug content uniformity test
o Invitro dissolution studies

inspection for physical appearance of films and
evaluation of texture was done by feel and
touch(11)

Thickness Uniformity: All the batches
were evaluated for thickness by using
calibrated vernier calipers with a least count of
0.01mm. The film was placed in between anvil
and pressor foot of thickness gauge and the
reading on the dial was noted down. The
thickness was measured at different spots of
three randomly selected films of each
formulation. Calculate the average thickness of
film. Uniform thickness of film is essential as it
is directly related to accuracy of dose
distribution in the film(12). The results were
given the Table 2.

Folding Endurance: Folding
endurance is a procedure to estimate the
mechanical properties of a film and it also
gives an indication of brittleness of film. The
folding endurance was measured manually for
the prepared films to determine the flexibility of
films. A strip of film of specific size (1*1 cm)
was cut and repeatedly folded at the same
place till it breaks. The film was folded at the
same place until the film breaks(13). The
results were given the Table 2.

Drug Content Uniformity Test: One
cm? film was taken in a 100 ml volumetric flask
and dissolved in 5ml of artificial saliva buffer
and then final volume was made up with
artificial saliva buffer. Samples were suitably
diluted with artificial saliva and the absorbance
was measured at 228 nm (14). The results
were given the Table 2.

Disintegration Time: Disintegration
time of film is the time required by oral film to start
breaking when brought in contact with water or
saliva. The disintegration time depends upon the
composition of the films. Generally, it ranges from
5-30 seconds. There are no official guidelines to
determine the disintegration time of oral films.
One of the methods is dipping the film in 25 ml
water or saliva in a beaker. The beaker should be

Hydralazine HCL
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shaken gently and the disintegration time was
noted(15). The results were given the Table 2.

In Vitro Dissolution Studies

Take 500 ml of artificial saliva solution
as dissolution medium to perform in
vitro dissolution studies in modified type 5
dissolution apparatus. A temperature of 37°C
and 25rpm was used. Each fiim with a
dimension of appropriate size equivalent to 30
mg of HydralazineHClwas placed on a watch
glass covered with nylon wire mesh. The watch
glass was then dropped into a dissolution flask.
5ml samples were withdrawn at 1,2,3,4,5,10,
20, 30 min time intervals and every time
replaced with 5ml of fresh dissolution medium.
The samples were analyzed by measuring
absorbance at 228 nm (16).

Results and Discussion

Active Pharmaceutical (API)

Characterization:

Ingredient

Oraganoleptic Evaluation: These are
preliminary studies of any drug substance
which is useful in identification of specific
material. Following physico-chemical
properties of APl were studied. White powder
having melting point 210-220 °C and Freely
soluble in water and methanol (17).

Calibration Curve of Hydralazine
HCI in pH 5.8 Artificial Saliva Buffer by
using UV - Visible Spectrophotometer: The
calibration was used to determine the amount
of HydralazineHCI in unknown solution. The
series of dilutions containing 10, 12, 14, 16, 18,
20 pg/ml of Hydralazine HCI were analyzed at

Table 1. Formulation of Hydralazine HCI Oral Fast Dissolving Films

= o ) = ) ) = o = = o %)
w w o w w o w w if] w w o
Compound | — O ~N O ™ O <+ O 0O © O ~ O © O 0O 20 @) NGO
LLE LI_E wg LLE TS g LLE LI_E (g™ LE |L2 L g
T | | &z & & | T | x| | | &
Drug (mg) | 25 2 2 2 25 2 25 2 |25 | 25 | 25
Methanol | 2 2 2 2 2 2 2 2. 2 5 | 25 | 25
(gm) 5 5 5 5 5 5 5 5 5
Polymer 3 3 3 3 3 3
0 300 0 0 0 300 0 300 0o | 300 | 300 | 300
(mg) 0 0 0 0 0 0
sLs
(L) _ _ I A R 2 2 | _ | _ _
(mg)
(PVP)
2 2 2 B ~ ~ B B ~ 2 2 2
(mg)
2 2 2 2
PEG (mg) | 2 25 2 2 2 25 ; ; ; ; ; ;
Glycerol 2 2
P B ~ z 25 2|25 | 2 25
Water 1 ] 1 1 1 ] 1 ] 1
. 8 . . . ; . 8 . 17 | 17 | 17
(gm) 7 7 7 7 7 7
Z 4 Z 4 Z 4
5 45 5 5 5 45 5 45 5 | 455 | 455
Total 5 52 5 7 7 75 5 52 5 2 2 | 4952
2 2 5 5 2 2
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Table 2. Results of OFDFs of Hydralazine HCI Containing Evaluating Parameters as Drug
Content, Weight Variation, Thickness Uniformity, Disintegrating Time, Folding Endurance
Evaluation Parameters
F lati Drug Thickness
ormulation Content Weight Variation L Disintegration Folding
* Uniformity .
(1*1 (gm) (um) Time (sec) Endurance
cm)(mg) i
F1 15.0 0.21+£0.01414 56.5+0.70711 5 sec 120
F2 9.3 0.15+0.0070 50.5+0.70711 3.1 sec 125
F3 6.4 0.19+0.01414 54+1.41421 2.2 sec 115
F4 19.2 0.13++0.02828 52.2+0.70711 5.1 sec 95
F5 19.3 0.25+0.021213 51.5+£0.70711 6.2 sec 123
F6 13.3 0.26+0.01414 56.1+£2.0506 1.2 sec 122
F7 8.9 0.261£0.01414 53.5+2.969 5 sec 58
F8 15.9 0.28+0.007071 56+1.41421 2.5sec 140
F9 6.1 0.275+0.042426 59.5+0.70711 12 sec 99
F10 15.8 0.16+0.02828 57+1.41421 1.6 sec 85
F11 18.1 0.26+£0.01414 53+2.820 3.5sec 125
F12 19.5 0.285+0.0212 51+1.41421 2.9 sec 130
absorbance of 235 nm. The absorbance and 25rpm was used. Each film with a

values of the various concentrations of
Hydralazine Hclpure drug in pH 5.8 Atrtificial
saliva were checked. Calibration curve of
Hydralazine Hcl in pH 5.8 artificial saliva
buffer was plotted between the absorbance
and concentration of the HydralazineHCI. The
correlation coefficient (r2) value is about
0.994indicates that the hydralazine follows
Beer’s Lamberts Law.

Analytical Methods

Spectrophotometric Method: A
number of methods are reported in the
literature for the Estimation of Hydralazine
HCL (IP). By using pH 5.8 artificial saliva
buffer as a dissolution medium to calibrate
Hydralazine HCL drug.

In Vitro Dissolution Studies:

Take 500 ml of artificial saliva solution
as dissolution medium to perform in
vitro dissolution studies in modified type 5
dissolution apparatus. A temperature of 37°C

dimension of appropriate size equivalent to 30
mg of HydralazineHClwas placed on a watch
glass covered with nylon wire mesh. The watch
glass was then dropped into a dissolution flask.
5ml samples were withdrawn at 1,2,3,4,5,10,
20, 30 min time intervals and every time
replaced with 5 ml of fresh dissolution medium.
The samples were analyzed by measuring
absorbance at 228 nm (16).

Analytical Methods

Spectrophotometric Method: A
number of methods are reported in the literature
for the Estimation of Hydralazine HCL (IP). By
using pH 5.8 artificial saliva buffer as a dissolution
medium to calibrate Hydralazine HCL drug.

Evaluation Oral Fast Dissolving Films:

Morphological Characters: Prepared
Hydralazine HCI fast dissolving films were
transparent and colorless, all the films were
smooth in texture and glossy in appearance.The
results were shown in (Table 2).

Hydralazine HCL



Current Trends in Biotechnology and Pharmacy

176

Vol. 16 (SUpplementry Issue 2) 171 - 178, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.3s.75

Drug Content Uniformity Test. Films
of 1*1 cm were cut from different regions and
the drug content in the films was evaluated and
the values were found in between 6 to 20 mg.
The results were shown in (Table 2).

Weight Variation: The film was cut
from different regions and the weight variation
was determined and the values were found in
between 0.24 to 0.27 g.The results were
shown in (Table 2).

Thickness Uniformity: The
thickness was measured at 3 different regions
of film by using vernier calipers and the
values were found in between 50 to 60
um.The results were shown in (Table 2).

Disintegration Time: The film was cut
in to 1*1 mm and placed it in petri dish, now add
a drop of water at the center of the film measure
the time taken to disintegrate and noted. In the
same manner repeat it same with the buffer.
The disintegration time values were found in
between 1.2 to 12 sec.The results were shown
in (Table 2).

Folding Endurance: The folding
endurance was measured at different regions

% Hydlrolazine diasoived
o82888E

35588868

% Hydmlsaite Ralsoned

of film by repeated folding at 180° angle of the
plane at the same place till the film breaks. The
number of times the film was folded without
breaking was computed as the folding
endurance value. The folding endurance of
films was measured at different regions and
the values were found in between 96 to
147.The results were shown in (Table 2).

Dissolution Rate Studies: The in-vitro
dissolution studies were conducted using pH
5.8 buffer as dissolution medium. The percent
of Hydralazine HCL dissolved at the various
time intervals were calculated and plotted
against time. The graphical plots of percentage
of Hydralazine HCL dissolved versus time were
placed in (Figure. 1).

The cumulative % of hydralazine
released at the end of 5min is 98.87 for F12
formulation. Complete drug release from F12 is
significantly higher i.e., about 98% of drug was
released when compared to other formulations.

In f12 formulation, HPMC E15,
Glycerol, PVP were added to the formulation
gave superior dissolution properties when
compared to other formulations.

% Hydmlaaing selsaved

PRI

Fig 1. Comparative In Vitro Drug Release Profile of Hydralazine fromFilms A. Effect of Polymers
B. HPMC E 15 with Plasticizers C. HPMC E 15 with Surfactants
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Conclusion

The current investigation established
an effective and easy method to formulate
hydralazine Hcl films to increase its water
solubility and also its dissolution. OFDF were
prepared by solvent casting method through
OFDF proved to have the best results in
terms of solubility and dissolution. The
formulation F12 containing HPMC E 15 with
glycerol and PVP gave superior dissolution
properties when compared to other
formulations. The rise in dissolution efficiency
leads to improve bio availability. It would also
facilitate quick onset of action after oral
administration of films hence improving
patient compliance. This can serve as a novel
approach for the treatment of cardiovascular
diseases.
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Abstract

The aim of present research work is
to develop a topical gel formulation of
Itraconazole loaded nanosponges to increase
the solubility, permeability, stability and to
control the Itraconazole release for a
prolonged period. Itraconazole loaded
nanosponges was prepared by cross-linking
different concentrations of B- Cyclodextrin
with carbonate bonds of di phenyl carbonate
in different proportions, which are porous as
well as nanosized. Drug was incorporated by
solvent evaporation method by dissolving the
drug in various solvents like ethanol, acetone
and chloroform. The prepared nanosponges
were incorporated into carbopol gel. From the
encapsulation efficiency of the drug loaded
nanosponges formulations, it was observed
that as the crosslinking ratio increased the
encapsulation efficiency was found to be
enhanced. It is also found that the
encapsulation efficiency of drug loaded
nanosponges were influenced by the solvent
used for drug loading by solvent evaporation
technique. Based on the drug encapsulation
efficiency , drug content and extent of
sustained nature , the gel prepared with -
Cyclodextrin and crosslinking agent in 1:1
ratio, chloroform as a solvent and carbopol as
a gelling agent (IF12 formulation) was
concluded to be the best formulation. All the
formulations followed zero order release
kinetics and mechanism of drug release was
governed by Peppas model.The diffusion
exponential coefficient(n) values were found
to be in between 0.9402 to 1.1864 indicating
non fickian diffusion mechanisam.

Keywords: ltraconazole,
nanosponges, diffusion rate

B-cyclodextrin,

Introduction

Nanosponges are the progression in
nano technology, which are the prominent
answers for the various formulation challenges
like low aqueous solubility, controlled release
and targeted release. As compared to nano
paricles these are less prone to bursting and
releases the drug in a controlled and
predictable manner throughout the intended
period of application or administration (1).
Nanosponges are beneficial for the passive
targeting of drugs to skin, there by
accomplishing major benefits such as
reduction of total dose, retention of dosage
form on the skin for prolonged period.
Nanosponge loaded topical dosage forms can
act as local depot for sustained drug release as
well as rate- limiting membrane barrier for
inflection of systemic absorption and thus
overcoming the limitations of topical
formulations. They are non- irritating, non-
mutagenic, non- allergenic and non- toxic.
Itraconazole is an imidazole derivative and
used for the treatment of local and systemic
fungal infections. It is a BCS Class Il drug
having very low solubilty and high
permeability. The oral use of ltraconazole is
not much recommended as it has many side
effects.

Most of these infections spread only in
the skin layers but upon prolonged time they
may be converted to systemic infections which
may be mortal. Oral administration of
Itraconazole is not convenient due to its severe
side effects and its short half-life (3—6 h) that
requires frequent dosing(2). ltraconazole is a
BCS Class Il drug that has a dissolution rate
limited poor bioavailability so it needs to be
incorporated into a proper vehicle to have right
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levels of topical absorption. The conventional
topical Itraconazole formulations release the
drug for a shorter period at high quantities
which causes the adverse effects like stining,
zerythema, edema, vesicat, edema,
vesication, desquamation, pruritus and
urticaria due to the toxicity on the epithelial
cells of the skin . The conventional topical
dosage cannot reside at the site of application
for longer times and does not release the drug
in sustained manner.

Various methods are available to
sustain the release of the drug. Among them
the nanosponges have some unique
advantages, which are three dimensional
sponges like nanostructure encapsulating the
drug. The nanostructure have potential for
decreased skin irritation and stabilization of
sensitive activities. Moreover nanosponges
have good penetration into stratum corneum
by overcoming the skin barrier effect and
maintaining the good physical and chemical
stability(3).

Materials and Methods

Itraconazole was the generous gift
from Aurobindo Pharma Ltd, Hyderabad.

Carbapol 934 P was procured from SD Fine
chemicals Ltd, Mumbai.B- cyclodextrin and Di
phenyl carbonate were purchased from Sigma
Aldrich (Milan, Italy). All other ingredients used
were of analytical grade shows Table 1.

Synthesis of - cyclodextrin
nanosponges: B-  cyclodextrin based
nanosponges was prepared using Di phenyl
carbonate as a cross-linker. Nanosponges
were prepared using different ratios of (-
cyclodextrin and Di phenyl carbonate [1:0.25,
1:0.5.1:0.75 and 1:1]. Finely homogenized
anhydrous [3- cyclodextrin and Di phenyl
carbonate were placed in a 100 ml conical
flask. The system was gradually heated to 100
°C under magnetic stirring, and left to react for
5 h. During the reaction crystals of phenol
appeared at the neck of the flask. The reaction
mixture was left to cool and product obtained
was broken up roughly. The solid was
repeatedly washed with distilled water to
remove unreacted (- cyclodextrin and then
with acetone, to remove the unreacted Di
phenyl carbonate and the phenol present as
by-product of the reaction. After purification,
nanosponges were stored at 25 °C until further
use(4).

Table1. Composition of Itraconazole loaded nanosponges using different solvents

Polymer : cross
S. No Batch code linking agent Drug (mg) Solvent

(mg)
1 ILNS1 4000:1000 4000 Ethanol
2 ILNS2 4000:2000 4000 Ethanol
3 ILNS3 4000:3000 4000 Ethanol
4 ILNS4 4000:4000 4000 Ethanol
5 ILNS5 4000:1000 4000 Acetone
6 ILNS6 4000:2000 4000 Acetone
7 ILNS7 4000:3000 4000 Acetone
8 ILNS8 4000:4000 4000 Acetone
9 ILNS9 4000:1000 4000 Chloroform
10 ILNS10 4000:2000 4000 Chloroform
11 ILNS11 4000:3000 4000 Chloroform
12 ILNS12 4000:4000 4000 Chloroform
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nanosponges, Fourier Transform Infrared
(FTIR) spectroscopy studies was used.

nanosponges: The ltraconazole loading into -
cyclodextrin nanosponges was carried out by
solvent evaporation technique. In this various
solvents like chloroform, acetone and ethanol
were used. In 100 ml of each solvent 4000 mg
of ltraconazole was dissolved separately to form
solutions. To the each solution, prepared
nanosponges were added and triturated until
the solvent evaporated. While triturating the
clumps of nanosponges were segregated and
absorbs the drug solubilised solvent. The solid
dispersions were dried in an oven overnight (at
50 °C at atmospheric pressure) to remove any
traces of solvents and were sieved through 60 #
and used for further work(5).

Preparation of Itraconazole
nanosuspension: The dried drug
encapsulated nanosponges were collected
and required quantities of drug equivalent
nanosponges were transferred into 250ml
volumetric flask containing 100ml methanol in
order to remove the free unencapsulated drug
by solubilising in the methanol. The drug
encapsulated nanosponges were separated
from the free drug by membrane filtration by
using 0.22uy membrane filter. The residual
drug loaded nanosponges were collected and
dispersed in distilled water by using ultra
sonication to form a nanosuspension(6).

Formulation of carbopol gel
containing Itraconazole loaded
nanosponges: 500 mg of carbopol 934 was
dispersed in 5 ml of distilled water and allowed
for swelling over night. The swelled carbopol
was stirred for 60 minutes at 800 rpm. The
previously prepared required Itraconazole
equivalent nanosuspensions , methylparaben
and propylparaben were incorporated into the
polymer dispersion with stirring at 500 rpm, by a
magnetic stirrer for 1 h. The P of above mixture
was adjusted to 4.5 with tri ethanolamine
(0.5%). The gel was transferred in to a
measuring cylinder and the volume was made
up to 10ml with distilled water (7).

Evaluation studies

Fourier Transform Infrared (FTIR)
spectroscopy: To confirm the formation of

Potassium Bromide pellet method was used in
the study. The spectra was studied for the
conformational changes of optimized drug
when compared with the pure drug and pure
excipients spectrums(8). The spectra were
recorded in the wave number region of 4000-
500cm™”.

Encapsulation efficiency: The
encapsulation efficiency of nanosponges was
determined spectrophotometrically (Amax =
261 nm). A sample of Itraconazole
nanosponges (100 mg) was dissolved in 100
ml of methanol and kept it for overnight. 1 ml of
the supernatant was taken and diluted to 10 ml
with a solution containing 4.5 pH phosphate
buffer and was analysed at 260 nm using UV-
visible spectrophotometer. From the
absorbance the free drug content was
calculated in Table 2. The methanol dispersion
containing ltraconazole nanosponges was then
ultra sonicated to release the encapsulated
drug from the nanosponges structure(9). Then
the solution was filtered by using 0.22yu filter

Table 2. Encapsulation efficiency of
Itraconazole loaded nanosponges

S. No Batch %Encapsulation

code efficiency (n=3)

1 ILNS1 98.21+04

2 ILNS2 98.34 £ 0.7

3 ILNS3 98.40+ 1.1

4 ILNS4 98.56 £ 0.9

5 ILNS5 98.36 £ 0.3

6 ILNS6 98.44 £ 0.6

7 ILNS7 98.54 £ 0.6

8 ILNS8 98.67 £1.2

9 ILNS9 99.29+0.8

10 ILNS10 99.37+1.6

11 ILNS11 9943+14

12 ILNS12 99.57£0.9
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paper and the filtrate was analysed at 260 nm
using UV visible spectrophotometer for the total
drug content. The encapsulation efficiency (%)
of the nanosponges will be calculated
according to the following equation:

Encapsulated drug content in nanosponges
Encapsulation efficiency = ------=-=----=---- X 100
Total drug content

All measurements were performed
in triplicate. The results of the best polymer
and crosslinking agent ratio were
analysed statistically for their significance of
difference.

Determination of particle size
distribution: The particle size distribution
was determined by using Dynamic Light
Scattering (DLS) technique. The equipment
used for the particle size distribution is
HORIBA particle size analyzer. In this
technique the particle sizes of a batch of
the nanosponges were observed and from
the standard deviation and mean particle size
of nanosponges, the Poly Dispersity Index
(PDI) was calculated. The poly dispersity
index is the indication for the nature of
dispersity[10].

Determination of zeta potential:
Zeta potential is a measure of surface charge
of dispersed particles in relation to dispersion
medium. It was determined by using HORIBA
zeta sizer having the capability of
determination of zeta potential. The zeta
potential value is the indication of physical
stability of the nanosponges(11).

Evaluation of drug loaded Nano
sponges containing gels: The drug loaded
Nano sponges containing gels were evaluated
for PH,Viscosity Spreadability, Extrudability
and mucoadhesive time(12).

Drug content in the DLNS
containing gel formulations: The sample of
1 gram of gel formulation containing 10 mg of
Itraconazole was dissolved in methanol,
filtered and the volume will be made to 20 ml
with methanol in Table 3. The drug content

Table 3. Percentage of drug content in the
Itraconazole loaded nanosponges containing
gel formulations

S. No Batch code % Drug content
1 IF1 95.15
2 IF2 96.23
3 IF3 96.46
4 IF4 97.41
5 IF5 94.30
6 IF6 95.30
7 IF7 96.61
8 IF8 97.42
9 IF9 96.57
10 IF10 97.49
11 IF11 98.33
12 IF12 99.28

will be determined by diluting the resulting
solution for 10 times with a solution
containing7.4 pH phosphate buffer and the
absorbance was measured at 260 nm using
UV Visible spectrophotometer (13).

In-vitro  drug diffusion study:
Modified Franz diffusion cell was used for
these studies. Cellophane membrane was
used as the simulation for the skin. Cellophane
membrane was mounted in a modified Franz
diffusion cell. The known quantity (1g of gel
containing 100 mg of the drug equivalent
DLNS) was spread uniformly on the cellophane
membrane on donor side. The solution
containing 7.4 pH phosphate buffer solution
was used as the acceptor medium, from which
3ml of samples were collected for every hour
and the same amount of fresh medium was
replaced to maintain sink conditions for 12 hrs.
While taking the samples from the acceptor
medium, precautions were taken that no air
bubbles were formed in the acceptor
medium(14). The fresh samples were analyzed
at 260 nm by UV-spectrophotometer and the
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amount of drug diffused for each hour was
calculated. All the samples were analysed in
triplicate.

Results and Discussion

The FTIR structure of formed nano
sponges were studied by comparing with
unreacted B-cyclo dextrin and diphenyl
carbonate FTIR spectra. In all the ratio of
nanosponges, the major peaks were
observed at 940 cm™ which represents the a-
1,4 glycoside bond which is the indication that
there was no change in the cyclodextrin
linkages. The absence of peaks responsible
for carbonyl group of the diphenyl carbonate
at 1768 cm in the nanosponges is the
indication of the removal of C=0 from
diphenyl carbonate. The absence of peaks
responsible for —-C=C- at 1591 and 1497 cm”
in the IR spectra of nanosponges is indication
of absence of phenol rings which were
present in the unreacted diphenyl carbonate.
Similarly absence of an intense peak
responsible for —-C=0 group at 1157 cm™ in
the IR spectra of nanosponges is the
indication of removal of C=0 group from the
diphenyl carbonate which might be attached
to the primary of secondary hydroxyl groups
of B- cyclodextrin by leaving phenol as by
product. All these changes infers that the
formation of nanosponges by reacting of
primary/secondary  hydroxyl groups of
betacyclo dextrin with the carbonyl groups of
diphenyl carbonate. From the encapsulation
efficiency of the drug loaded nanosponges
formulations it was inferred that, as the
crosslinking ratio increased the encapsulation
efficiency was found to be enhanced. The
order of encapsulation efficiency in the
nanosponges is 1:1>1:0.75>1:0.5>1:0.25. It is
also found that the encapsulation efficiency of
drug loaded nanosponges are influenced by
the solvent used for drug loading by solvent
evaporation technique. Chloroform >Acetone
>Ethanol.

The change in the encapsulation
efficiency with respect to solvent might be due
to the solubility of Itraconazole in the

particular solvent. The extended sustained
release was observed in all the 12
formulations. But the extent of sustained nature
was varied from one ratio to other. The order of
sustained action was as follows
1:1>1:0.75>1:0.5>1:0.25.

Based on the drug encapsulation
efficiency, drug content and extent of sustained
nature formulation 12 was concluded to be the
best formulation. The results of the present
investigation overlay the path and provide
substantial information for the utilization of
Beta cyclodextrin in the development of drug
delivery systems. The optimized formulation
(IF12) were evaluated for their particle size and
zeta potential. The particle size (334 nm) and
zeta potential (-26.7 mV) was found to be good
enough to maintain the physical stability of the
nanosponges.

Carbopol gels containing nanosponges
prepared with B -cyclodextrin and Di phenyl
carbonate in different ratios and by using
ethanol as a solvent shown drug release for a
period of 7 hours, 7.5 hours, 8 hours and 9.5
hours respectively. Carbopol gels containing
nanosponges prepared with B -cyclodextrin
and Di phenyl carbonate in different ratios and
by using acetone as a solvent shown drug
release for a period of 8 hours, 8.5 hours, 9
hours and 10 hours respectively. Carbopol gels
containing nanosponges prepared with -
cyclodextrin and Di phenyl carbonate in
different ratios and by using chloroform as a
solvent shown drug release for a period of 8.5
hours, 9 hours, 9.5 hours and 11 hours
respectively. Based on the drug encapsulation
efficiency , drug content and extent of
sustained nature , the gel prepared with
polymer and crosslinking agent in 1:1 ratio,
chloroform as a solvent and carbopol as a
gellling agent (IF12formulation) was concluded
to be the best formulation.The initial burst
release decrease with increase in
concentration of crosslinking agent. To
ascertain the mechanism of drug release, the
dissolution data was analyzed by zero order,
first order, and Higuchi and Peppas equations.
The correlation  coefficient  values ()
and diffusion kinetics values were shown in
Table 4. Amount of drug diffused versus time

Topical Drug Delivery



Current Trends in Biotechnology and Pharmacy

184

Vol. 16 (Supplementry Issue 2) 179 - 186, October 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)

10.5530/ctbp.2022.35.76

Table 4. In vitro drug diffusion kinetic data of Itraconazole loaded nanosponges containing gel

formulations

Correlation coefficient Diffusion Diffusion
Rate Exponent
Formulation i Constan | Tso | Too (n)
zero Firstorder | iguch | Pepp t (hr) | (hr)
order i as (mg/hr)
Ko
IF1 0.9996 0.8771 | 0.9312 0'9797 13.62 356 654 | 09841
IF2 0.9996 0.8608 | 0.9267 0'%99 13.02 348 692 | 09919
IF3 0.9997 0.8425 | 0.9228 0'%99 12.25 450 734 | 09963
IF4 0.9998 07833 | 0.9221 0'%99 10.26 4%8 878 | 0.9951
IF5 0.9932 0.8964 | 0.9058 O'ﬂg“ 12.95 368 6.94 | 0.9957
IF6 0.9973 0.8474 | 0.9043 0'%97 11.52 443 782 | 0.9968
IF7 0.9961 0.8238 | 0.8979 0'%98 10.50 467 857 | 09957
IF8 0.9946 07977 | 0.8909 0'%99 9.76 5; 923 | 09864
IF9 0.9997 0.8721 | 0.9296 0'%99 12.25 4é° 734 | 09817
IF10 0.9987 0.8535 | 0.9276 0'%99 11.76 452 765 | 09923
IF11 0.9998 08160 | 0.9223 0'%99 10.50 467 857 | 09942
IF12 0.9997 07916 | 0.9214 0'%94 8.99 565 1%0 0.9937
curves exhibited straight line for the fickian diffusion mechanisam. These results

formulations and confirmed that the diffusion
rate followed zero order release Kkinetics.
Percentage of drug release versus square
root of time curves shows linearity and proves
that all the formulations followed Peppas
model.

The diffusion exponential
coefficient(n) values were found to be in
between 0.9841 to 0.9968 indicating non

indicated that the diffusion rate was found to be
decrease with increase in concentration of
crosslinking agent. The optimized formulation
has good spreadability, extrudability and
mucoadhesive nature in Table 5 and Fig 1. The
P" and viscosity of the formulation were
appropriate for the topical drug delivery and
nanosponges technique was a better choice for
sustained release.
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Table 5. Physical properties of optimized gel

Formulation | Viscosit Extrudability Spreadability pH Muco adhesive
y (N) (g.cm/sec.) Time
(cps)

IF12 39857 92.41+ 0.05 34.61+2.11 4.4610.02 >12 hrs
2
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Fig 1. FT-IR spectra of Itraconazole(A) , B-Cyclodextrin (B), diphenyl carbonate (C)and optimized

formulation(D)
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