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Abstract

Depression is estimated to affect nearly 340 million people worldwide and 18 million people in the US at any
given time making it the third most costly and disabling iliness in the US. Duloxetine hydrochloride is one of the main
antidepressant used as a selective serotonin and nor epinephrine reuptake inhibitor (SSNRI) for oral administration.
As it works on central nervous system (CNS), drug should be more available to the cells. To increase the efficacy and
solubility drug can be formulated with polymers using nano particle as a drug carriers. In this work we propose and
analyzed different approaches to study measuring the size of nano particle and effect of these nano particles on the in
vitro kinetics dissolution behavior. The drug obeyed the beers law over the range of 5-50 yg/ml at Amax 230 nm. Drug
with PEG 4000 in 6.8 phosphate buffer is proposed good discriminative dissolution media for Duloxitine hydrochloride
delayed release formulation. The quantization of drug release studied by UV-Spectrophotometer at 230 nm. Nano
particle size and morphology are determined by Scanning Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM). By fitting the dissolution data in various kinetic models find out delayed release formulation of
Duloxitine hydrochloride obey the Higuchi model kinetics having linearity range 0.99 and release component ‘n’ obtain

by the Korsmyer Pappas model indicate release mechanism followed by the anomalous diffusion process.

Keywords: Delayed release kinetics; Duloxitine hydrochloride;
Korsmyer peppas model; Nanoparticle; Transmission electron
microscopy; Scanning electron microscopy

Introduction

18 million individuals within the North American nation at any
given time [1,2], creating it the third most expensive and disabling health
problem within the North American nation [3-8]. By the year 2020,
it’s foretold that depressive health problem are going to be the second
leading reason for incapacity worldwide [9]. An array of studies has
documented the big impact of this draining condition on each patient
and therefore the health care system [10]. Duloxitine coordination
compound may be a selective serotonin neurotransmitter and nor
vasoconstrictor re-uptake matter (SSNRI) for oral administration.
Serotonin neurotransmitter (5-HT) and nor vasoconstrictor (NE) a
neurotransmitters thought to assist regulate human emotions and
sensitivity to pain (Figure 1) [11].

Formulation of poorly water soluble medication through the
standard technique is incredibly difficult and tremendous tasks for
the pharmaceutical industry. Someone owing to low effectiveness of
this medication. The poor bioavailability of poorly soluble molecules
that aren’t permeation-rate restricted is attributed to dissolution-rate
dynamics. The dissolution rate is directly proportional to the expanse
of the drug, in step with the Noyes-Whitney model for dissolution
dynamics. Applied science is develop, new hope, the tools and
technology to figure at atomic, molecular and supramolecular levels
resulting in creation of devices and delivery systems with basically
new properties and functions. A nanocarrier offers variety of benefits
creating it a perfect drug delivery vehicle [12].

« If the bioavailability of a poorly soluble compound is dissolution-rate
restricted, approaches that afford delivery victimization nanometer-sized
particles of drug improve bioavailability by enhancing dissolution rate.

« This maximizes the quantity of soluble drug that’s unengaged
to be absorbed. This can be very true for poorly soluble compounds
absorbed at an outlined region of the channel.

« Nano carriers will higher deliver medication to small areas inside
the body.

« Nano carriers overcome the resistance offered by the physiological
barriers within the body as a result of economical delivery of drug to
varied elements of the body is directly stricken by particle size.

« Nano carriers aid in economical drug delivery to enhance binary
compound solubility of poorly soluble medication that enhance
bioavailability for regular Release of drug molecules, and precise drug
targeting.

« The surface properties of nano carriers is changed for targeted
drug delivery e.g. tiny molecules, proteins, peptides, and nucleic acids
loaded nanoparticles aren’t recognized by system and expeditiously
targeted to specific tissue sorts [13].

Duloxitine hydrochloride (Figure 1) is a poorly soluble drug,
bioavailability and efficacy is also less so the purpose of present study
determines the size of nanoparticles and studies the in-vitro release
kinetics of drug in present of nano carriers [14,15].

Duloxitine hydrochloride is a poorly soluble drug, bioavailability
and efficacy is also less so the purposes of present study determine the
size of nanoparticles and study the in-vitro release kinetics of drug in
present of nano carriers [14,16].

Material and Methods

The Duloxitine Drug obtained from Glenmark Pharmaceutical as
a gift sample and alcohol, PEG-4000, PVP44000 were purchase from
Aldrich Chemical. All different reagents Associate with my experiment
were used an analytical grade. Whole experiment has been style as per
following steps.
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Figure 1: Chemical structure of Duloxitine Hydrochloride.

Determination of A _

Prepare the 10 pg/mL solution of pure drug of Duloxetine
Hydrochloride and therefore the absorbance scanned over the vary of
wavelength from 200 nm to 400 nm (UV vary, Shimazdu ultraviolet
(1700)). The obtained A__was placed at 230 nm.

Preparation of nanoparticles with mixture of PEG 4000

Nano particles were prepared by the nano precipitation technique
this system supported the precipitation and resultant natural process
of chemical compound at the interface of solvent and a non solvent.
Prepare the four Different samples with the different ratio of Drug,
Polymer and stabilizer accordingly that is PEG: PVA: duloxitine to
obtain better combination of nanoparticle system. Weigh about 50 mg
of drug were dissolve in a very 25 ml of solvent. Dissolve 0.004 g PEG
4000 and 0.044 g of PVP 44000 in 100 ml water for getting ready the
chemical compound answer in binary compound part. The organic
solution containing drug pores within the 100 ml solution of polymer
and stabilizer. This method prepares the little droplets. Finally obtained
solution were homogenized by exploitation high speed homogenizer
at 21000 pm for 15 min and therefore the organic part absolutely take
away exploitation turning vacuum evaporization at 40°C water by
Vacuum rotated evaporator and lyophilized with a freeze appliance.
The lyophilized powder was collected and store in a cool and dry
atmosphere [17].

Determination of encapsulated drug

The encapsulation efficiency of DOX in lyophilized sample was
determined by HPLC that is very accurate and precise separation
technique for assay determination. Prepared a 20 pg/ml standard
solution of Duloxitine hydrochloride with potency 99.8% w/v in
alcohol. Prepared also a sample solution with concentration 20 pg/
ml by lyophilized powder in same solvent. Injected 20 pg/ml of each
solution in HPLC and scan all the results using PDA-UV detector.
The quantity of encapsulated drug was calculated by the following
subsequent equation [18].

IE=AT/AS x Sc/Tc x PE/100

AT=Area of test solution.

AS=Area of Standard solution in pg/ml

Sc=Concentration of standard solution

St=Concentration of sample answer in pg/ml

IE% Total amount of Encapsulated Drug
Particle size analysis

The Particle size of all the samples were determined by the photon
co-relation spectroscopy using zeta seizer 2000 Malvern instrument.

Samples of n-DOX were diluted with water for analysis and calculated
variance for every determination. Poly inequality Index: poly disparity
index was confirm by exploitation the subsequent equation

PI=D (09) - D (0.1)/D (0.5)

Where D (0.9)=Particle size right away on top of ninetieth of the sample.
D (0.5)=particle size right away on top of five hundredth of the sample.
D (0.1)=particle size right away on top of 100 percent of the sample.

Transmission Electron Microscopy (TEM): The morphology
of n-DOX confirm by the Transmission Electron Microscopy CM-
10 Philips-Netherlands. Before the analysis sample were treated by
0.5% (w/v) phosphotungastic acid and glued on a copper grid for
observation.

Scanning Electron Microscopy (SEM): The size and morphology
are scanning through scanning microscopy. In the SEM setup the nano
particulated sample n-DOX coated with platinum as a semiconducting
is scanned in a very high chamber with a targeted electromagnetic
wave.

Fourier Transforms Infrared (FT-IR) spectroscopy: The FT-IR of
n-DOX determined by the Perkin Elmer Norwalk CT photometer, each
sample of n-DOX and potassium bromide was mixed in quantitative
ratio of 1:100 and compress into a thin film. The base line correction
was performing by dried potassium bromide thin film each sample was
scan under the range of 400-4000 cm™ each sample was recorded in
triplicate.

In-vitro drug-release

USP-I (basket) Apparatus was used for the comparative study in-
vitro Release of DOLX, n DOX and a marketed formulation. Equivalent
to 20 mg of drug pore in a vessel containing 500 ml dissolution media
(media-pH 6.8 dihydrogen phosphates) set all require dissolution
parameter. Withdrawn the 10 ml Aliquot at the time interval of 05, 10,
20, 30, 40, 50, 60, 70, 90, 100, 120, min withdrawn sample were replace
with same amount of the fresh dissolution medium that’s equilibrated
at same temperature. Sample were filter through the 0.22 p syringe
filter . further diluted the sample and quantify the concentration
of drug by HPLC analysis exploitation Princeton (250x4.6) 5 p L1
packing column with mixture of 0.05 m ammonium acetate buffer
(PH 6.0) and acetonitrile in ratio of (60:40) w/v. Injected 20 p of every
sample and maintain the of column at 30°C. Analyzed each sample in
duplicate at 230 nm the dissolution were performed in n=6. Calculate
the concentration of drug throughout the drug Release and validate the
dissolution technique [19,20].

Results and Discussion

The maximum absorbance of DOX obtained at A 230 nm. The
Beer Lambert’s law was obeyed in the concentration range 2-25 ug/
ml. It is confirmed by linear regression data that was obtained 0.9990.

Data obtained from the determination of beer’s Lambart law
provide working range of drug molecule. It is helpful for further
designing of experiment during the study.

The results of FT-IR spectrum shown in Figure 2a that result show
The mostly FTIR bands of the drug stay intact in each the spectra of
the drug and n-DOX 1490 cm™: for thiophene ring 3000-3001 cm™: for
aromatic olefin nucleon (C=C-H) 1400-1600 cm™: for aromatic olefin
(C=C) 1000-1300 cm: ether (C-O) 1080-1360 cm™: for C-N bond.
This characteristic band area unit gifts within the FTIR spectrum,
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Figure 2: (a) Reference IR Spectrum of DOX (b) IR Spectrum of n DOX.

Formulation Mean particle size = Poly dispersity Encapsulation
(um) Index efficiency
DOX 5201 1.49 -
DOX:1:1:1 Dox-1 531 0.79 79.2%
DOX:1:2:2 Dox-2 275 0.64 84.0%
DOX:1:5:5 Dox-3 198 0.43 94.2%
DOX:1:10:10 Dox-4 100 0.30 99.1%

Table 1: Result of particle size, poly dispersity index and encapsulation efficiency.

confirming the presence of the drug in its original structure within the
n-DOX and protective drug effectively shown in Figure 2b.

Nanoparticle were prepare by the Nano precipitation technique
using different ratio of drug stabilize polymer in to all formulation were
found to a white and powdery in appearance [21].

Mean particle size polydispersity Index and encapsulation
efficiency of n-DOX with different weight ratio of DOX: PVP PEG were
calculated and summarized under the Table 1.

Obtained result (Table 1) show the particle size and PI of DOX
is less than 100 um and 0.30. Severally that result indicate the out
of stabilizer and compound has been result on the property of the
nanoparticle it the concentration of stabilizer is to 100 (DOX-1) thus it
couldn’t give comfortable stable system. These result also indicate that
the tiny close to size and PI valve will rely upon the number of stabilize
and compound. It additionally scale back the particle size of the sample
it ended the mix nDOX-4 was comfortable to stabilize the nanoparticle
system. The encapsulation potency was resulted beneath (Figure 2).

The results of Table 1 its shows once content of PVP and PEG was
increase the encapsulation potency of the drug were increased. The

appropriate reason was that the stabilize polar and non polar region
and it hydrophobic phase control to the polar cluster once a tiny low
polar molecule more they accumulate within the hydrophobic core
of compound and from a inner connected network and it resulted
increased the encapsulation of drug molecule (Table 1 and Figure 3).

On the basis of result obtained from particle size analysis and drug
defense study performed and TEM of Dox-4 transmission microscopy
and examine the interior structure of molecule is a smaller amount
than 100 nm (Figures 3 and 4a) and it showed no indication of the
other internal structure or spherical grain boundaries instead the
particle consisted of a solid matrix having no sigh of pause separation
of the drug and compound (Figures 4a and b).

SEM image of n-DOX has been present in Figure 4b that confirm
they are circular in shape, smooth and well separated on the surface.
It was observed the morphology of the particle was not affected by the
amount of polymer and drug [22].

Size Distribution by Intensity

Intensity (%)

o1 1 10 100 1000 10000
Size (d.nm)

Figure 3: Size distribution of n DOX.

Figure 4a: TEMmicrograph of DOX.

T

Figure 4b: SEM micrograph of DOX.
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Comparative in-vitro release profile and cumulative % drug release
of this n-DOX and marketed sample (B-1) has been shown it Table 2
and Figure 6. The System suitability parameter given in Figure 5 by
HPLC under Dissolution study maximum drug release was observed is
n- DOX it is 98.9% of drug in first 30 min (Figure 5).

To investigate the release kinetics of DOX from the n-DOX and B-1,
release date was applied to zero order, first order, Hughchi, korsmeyer
pepps, weibull, and baker-londale model and best fit was determined.
Calculate the n value R?and rate constant for each formulation.

It is known that if the values of ‘n’ in between 0-0.5 then it follows
fickian diffusion and if ‘n’ values lies between 0.5-1.0 it supports
nonfickian diffusion pattern. The result indicates that the regression
analysis was done for all four brands. The Korsmeyer Peppas model
show additional strict correlation values for various brands. To
substantiate the diffusion mechanism, the info was match into
Korsmeyer-Peppas model. The formulation of various brands showed
sturdy one-dimensionality with slope locate with n=0.97, indicating

non-fickian release diffusion. the key benefits of those models are:
a) The elucidation of the underlying mass transport mechanism; b)
the chance to predict the impact of the device style parameters on
the ensuing drug Release rate, therefore facilitating the event of latest
pharmaceutical merchandise therefore the method concerned in drug
Release kind nano-system theoretical justification for the Korsmeyer
Peppas is seem to be applicable for any drug Release mechanism
involving dissolution diffusion and mixed dissolution -diffusion rate
restricted method Kinetics study of drug Release usually helpful in
getting one or 2 physically meaningful parameter that square measure
used for comparative purpose and relating the discharge parameter
with vital parameter like bioavailability (Figure 6) [23].

The results showed biphasic profile describe the rapid initial rate
decrease, followed by a more steady release rate. This behavior can
be attributed to the ‘burst’ release, typical of hydrophilic matrices,
occurring before the formation of the controlling gel layer on the
matrix surface.

Figure 5: System-suitability chromatograph.

S.No. Sample | Zero Order First Order Korsmeyer Peppas Higuchi Hixson crowell Weibull ‘n’

type exponent

1 Pure drug 0.9503 0.7505 0.7286 0.9263 0.9101 0.8832 0.99

2 B1 0.9018 0.8212 0.9795 0.8818 0.8832 0.9531 0.69

3 B2 0.9312 0.7678 0.9004 0.9061 0.8588 0.9043 0.52

4 n-DOX 0.9608 0.8667 0.9818 0.8936 0.9531 0.9631 0.97

Rate Constant of Each order

1 Pure drug 0.155 3.6x10? 1.8 x 10 1.171 24x10° 1.4 x 102

2 B1 1.39 3.7x1072 3.6x10° 10.01 3.2x10° 1.5x10°

3 B2 1.478 4.1 x10? 8.4x10% 10.61 3.9x10° 1.2x10°%

4 n-DOX 1.641 1.7 x 102 4.8 x 10 11.76 21x10% 1.7 x 102

Table 2: Regression (R?) value and rate constant of all kinetic models.
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Figure 7: Mechanism of delayed drug release from Nano-particle.

Drug release is also affected by particle size. Smaller particles have
a larger surface area-to-volume ratio; therefore, most of the drug
associated with small particles would be at or near the particle surface,
leading to faster drug release. In contrast, larger particles have large
cores, which allow more drugs to be encapsulated per particle and give
slower release. Thus, control of particle size provides a means of tuning
drug release rates (Figure 7) [24].

If a polymeric carrier is to be used, the next step is to design a type
of polymeric structure that will permit obtaining the desire release
condition in order to have an idea about the nature of interaction
between the delayed release drug and the polymer the release kinetics
well concluded as earlier. In first step it was found that drug molecule
bounded by polymer by covalent bonding through two lone pair of
electron of nitrogen atom. They form a compact structure of transient

state. This state is in fast step and breaks into encapsulated drug and
unused polymer as well as drug.

Conclusion

This work has been shown to be the comparative in-vitro
bioavailability study Duloxitine Hydrochloride and Nano-particle of
Duloxitine hydrochloride through the comparative dissolution study
and also campier the release behavior of drug. Furthermore, this work is
the first to show that the dissolution profiles follow Korsmeyer-Peppas
model. Nan particulate drug delivery systems seem to be a viable and
promising strategy for the biopharmaceutical industry. They have
advantages over conventional drug delivery systems. They can increase
the bioavailability, solubility and permeability of many potent drugs
which are otherwise difficult to deliver orally by the nanoparticles.
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