Naga Durga et al.,Int Jou Hea Bio Sci, 2(2),2021,43-52

International Journal of

Health Care and Biological Sciences

Research Article Open Access
Formulation and Invitro Characterization of Fluvoxamine Loaded Nanoparticles

S. V. Naga Durga Mani Achyuth!, Ch.Saibabu?, T.Malyadri?

! Department of Pharmaceutics, M.L. College of Pharmacy, S. Konda-523101

2 Head ,Department of Pharmaceutics, M.L. College of Pharmacy, S. Konda-523101
3 Assistant professor, ,Department of Pharmaceutics, M.L. College of Pharmacy, S. Konda-523101

Article History Abstract

Received on: 05-04-2021 Fluvoxamine is an antidepressant that functions pharmacologically as a

Revised On : 28-05-2021 selective serotonin reuptake inhibitor. Though it is in the same class as other

Accepted on : 02-06-2021 SSRI drugs, it is most often used to treat obsessive-compulsive disorder. As the
biological half-life of the drug is 15.6 hrs and belongs to BCS class II. To

Keywords: Fluvoxamine, overcome these problems, Nanoparticles of Fluvoxamine were formulated by

Nanoparticles, particle size, SEM and  using Ethyl Cellulose, Eudragit RS 100 & Eudragit Rl 100 as a polymer by

Zeta potential. emulsification method. Among all the 9 formulations F6 formulation is

optimized, as it shows maximum drug release at the end of 12hrs which suits
DOL the controlled release drug delivery system criteria as per our studies, having
https://doi.org/10.46795/ijhcbs.vi.160  acceptable particle size, SEM, and Zeta potential value. From the drug release

kinetics of the F8 formulation of Losartan Nanoparticles dispersion, it was

concluded that the F8 formulation follows Zero-order drug release with super

case II transport mechanism.

This article is licensed under a Creative Commons Attribution-Non Commercial 4.0 International
License. Copyright © 2021 Author(s) retain the copyright of this article. A

*Corresponding Author administration, may benefit to a full extent from the

Email: saichennupalli@gmail.com characteristics of Nano-sized drug  particles.

Nanosystems are an emerging part of this strategy.
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the drug [21]. The use of nanosuspension in the central
nervous system can reduce not only systemic toxicity
but also increase the concentrations of poorly water-
soluble drugs in the brain [6, 7]. The Nano-size
represents a state of matter characterized by higher
solubility [9-11], the higher surface area available for
dissolution [12, 13], higher dissolution rate [15], higher
bio adhesion [16, 17] and corneal penetration. It has
been recommended that particles be less than 10 umto
minimize particle irritation to the eye, decrease tearing
and drainage of instilled dose and therefore increase the
efficacy of an ocular treatment. Many published articles
have indicated the importance of particle size in
ophthalmic bioavailability [17, 18] most of these articles
prove that decreasing the particle size increases the
ophthalmic bioavailability. Selective serotonin reuptake
inhibitors (SSRIs) are antidepressant drugs that increase
serotoninergic neurotransmission via the selective
inhibition of neuronal reuptake of serotonin. SSRIs are
substituting the older tricyclic antidepressants (TCAs).
Because of the Selective serotonin reuptake inhibitors
(SSRIs) does not show significantly variation in the
efficacy relative to the TCAs and the SSRIs do not show
very important extrapyramidal side-effects, they are
increasingly becoming the drugs of choice in depression
remedy. In addition to the antidepressant properties of
fluvoxamine, fluvoxamine is used for the treatment of
generalized anxiety disorder, obsessive-compulsive
disorder, eating disorders, social phobia, and anxiety
disorders such as post-traumatic stress disorder and
panic disorder [19]. Fluvoxamine is an antidepressant
which functions pharmacologically as a selective
serotonin reuptake inhibitor. Though it is in the same
class as other SSRI drugs, it is most often used to treat
obsessive-compulsive disorder. Is chemically called as
(E)-(2-aminoethoxy)({5-methoxy-1-[4-(trifluoromethyl)

phenyl] pentylidene}) amine. It blocks the reuptake of
serotonin at the serotonin reuptake pump of the
neuronal membrane, enhancing the actions of serotonin

on 5HT1a autoreceptors.
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Fig 01: chemical structure of Fluvoxamine
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Experimental work

Materials

Fluvoxamine from Spectrum labs, Ethyl cellulose from
Signet Chemical Corp., Mumbai , Eudragit RS 100 ,
Eudragit RL 100 from sigma Aldrich Mumbai

Instruments
Digital balance form Essae-Teraoka ltd, DS-852j, UV
Spectrophotometer from PG Instruments ,T60 , FTIR
Spectrophotometer from Shimadzu -8400 S and pH
meter from Hanna Instruments, Italy.
Methodology :
Pre-formulation studies [20-25]
Prior to the development of dosage form, it is essential
that certain fundamental physical and chemical
properties of the drug molecule alone and when
combined with excipients are determined. This first
learning phase is known as pre-formulation. The overall
objective of the pre-formulation is to generate
information useful to the formulator in developing
stable and bioavailable dosage forms which can be mass
produced. The goals of pre-formulation studies are:

¢ To evaluate the drug substance analytically and

determine its necessary characteristics
e To establish its compatibility with different
excipients.

Spectroscopic study
Identification of pure drug
Solubility studies
Solubilityof Fluvoxaminewas carriedoutin different
solvents —like 0.1N HCL, 6.8pH buffer and 7.4 pH buffer.
Saturated solutions were prepared by adding excess
drug to the vehicles and shaking on the shaker for 48 hr.
at25°C under constant vibration. Filtered samples (1ml)
were determined spectrophotometrically at 250 nm.
Drug-Excipient Interactions Studies
There is always possibility of drug- excipient interaction
in any formulation due to their intimate contact. The
technique employed in this study is IR spectroscopy. IR
spectroscopy is one of the most powerful analytical
technique, which offers possibility of chemical
identification. The IR spectra was obtained by KBr pellet
method. (Perkin-Elmer series 1615 FTIR Spectrometer).
Determination of UV spectrum of Fluvoxamine
10mg of Fluvoxamine was dissolved in 2-3ml of 7.4pH
buffer then makeuptol0ml with 7.4 pH buffer so as to
get a stock solution of 1000 pg/ml concentration. From
the above stock solution pipette out 1ml of the solution
and makeup the volume to 10ml using 7.4 pH buffer to
get the concentration of 100pg/ml concentration. From
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this stock solution pipette out 1ml of the solution and
makeup the volume to 10ml using 7.4 pH buffer to get
the concentration of 10ug/ml concentration, this solution
was scanned under UV Spectroscopy using 200-400nm.
Preparation of Calibration Curve of Fluvoxamine
Standard calibration curve of Fluvoxamine using 7.4
pH buffer

Method

10 mg drug was taken accurately in 10ml volumetric
flask. It was dissolved in few ml of methanol and make
up the volume upto the mark with 7.4 pH buffer to gives
1000 pg /ml. The standard stock solution was then
serially diluted with 7.4 pH buffer to get 2 to 12ug/ml of
Fluvoxamine. The absorbance was measured against 7.4
pH buffer as blank at 232 nm wusing UV
spectrophotometer. The absorbance values were plotted
against concentration (pg/ml) to obtain the standard

calibration curve.
Method of Preparation of Nanoparticles [26]

Fluvoxamine Nanoparticles were prepared by
emulsification method.In this method Polymer was
dissolved in organic solvent (methanol). Drug is
dispersed in this solution. Then this mixuture emulsified
in an aqueous phase containing surfactant (polyvinyl
alcohol) make an oil in water emulsion by using
mechanical stirring, or sonication. After formation of
emulsion the organic solvent evaporate by increased the
temperature and reduced pressure with continuous
stirring.

Table 01: Formulation of Nanoparticles Fluvoxamine
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100

Drug :
F8 Eudragit RL | 1:2 2
100

Drug :
F9 EudragitRL | 1:3 2
100

Formulat | Drug:poly | Rat | Concentartion
ion code mer ios | of PVA (%w/v)
D : Ethyl
F1 e EIY 2
cellulose
D : Ethyl
F2 e EIY 0 2
cellulose
D : Ethyl
F3 e EIY 13 2
cellulose
Drug:
F4 EudragitRS | 1:1 2
100
Drug:
F5 EudragitRS | 1:2 2
100
Drug:
F6 Eudragit RS 1:3 2
100
Drug :
F7 1:1 2
Eudragit RL

Evaluation parameters of Nanoparticles Fluvoxamine
[27]

The Nanoparticles was evaluated for various
parameters

Entrapmentefficiency
Particlessizeanalysis

Zeta potential

L

In-vitrodrugreleasestudies

5. Scanning electron microscopy
Entrapment efficacy
The freshly prepared Nanoparticles was centrifuged
at 10,000 rpm for 20 min using ultracentrifuge. The
amount of unincorporated drug was measured by taking
the absorbance of the appropriately diluted 5 ml of
supernatant  solution at  250nm  using UV
spectrophotometer against blank/control Nanoparticless.
DEE was calculated by subtracting the amount of free
drug in the supernatant from the initial amount of drug
taken.
The entrapment efficiency (EE %) could be achieved by
the following equation
%Entrapment efficiency= Drug content *100/Drug added
in each formulation
Scanning electron microscopy
The  morphological features of  Fluvoxamine
Nanoparticles are observed by scanning electron
microscopy at different magnifications.
Particle size and shape
Average particle size and shape of the formulated
Nanoparticless was determined by using Malvern
Zetasizer ZS using water as dispersions medium. The
sample was scanned 100 times for determination of
particle size.
In vitro drug release study
In vitro Release studies Drug release from nanoparticles
in-vitro was carried out by dialysis method (Dialysis
membrane-60 HI MEDIA, Mumbai). The donor chamber
filled with 5ml of nanoparticles suspension, whereas
reservoir chamber containing the phosphate buffer pH
7.4. This total setup was placed on a rotary shaker
rotating at 50 rpm at 37°C + 0.5°C. In pre determined
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time intervals the content of receiver chamber was
withdrawn and replaced with equal volume of fresh
phosphate buffer, the amount of Fluvoxamine that
diffused into the receiver chamber was quantified by
UV- spectrophotometer at 232 nm. The results of invitro
release profiles obtained for the NDDS formulations
were fitted into Fourmodels of data treatment as
follows:28-29. Different release kinetic equations (zero-
order, first-order, Higuchi's equation and Korsmeyer-
peppas equation) were applied to interpret the release
rate of the drug from matrix systems for the optimized
formulation. The best fit with higher correlation (rp) was
calculated [30-38].
Zero-order model
Drug dissolution from dosage forms that do not
disaggregate and release the drug slowly can be
representedby the equation

Qt=Q0 + K0t
Where Qt is the amount of drug dissolved in time ¢, Q0
is the initial amount of drug in the solution (most times,
Q0 = 0) and KO is the zero order release constant
expressed in units of concentration/time. To study the
release kinetics, data obtainedfromin vitro drug release
studies were plotted as cumulative amount of drug

released versustime.

Application
It is used to describe the drug dissolution of several
types of modified release pharmaceutical dosage forms,
as in the case of some transdermal systems, as well as
tablets with low soluble drugs in coated forms, osmotic
systems, etc.
First Order Model
The first order equation describes the release from
systems where the dissolution rate is dependent upon
the concentration of the dissolving species.
Release behavior generally follows the following first
order equation:
Log C=Log Co-kt/2.303

Where C is the amount of drug dissolved at time

t,

Co is the amount of drug dissolved at t=0 and

k is the first order rate constant.
A graph of log cumulative of % drug remaining vs
time yields a straight line
The pharmaceutical dosage forms following this
dissolution profile, such as those containing water-
soluble drugs in porous matrices, release the drugs in a

way that is proportional to the amount of drug
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remaining in its interior, in such way, that the amount of
drug released by unit of time diminishes.
Higuchi model
The first example of a mathematical model aimed to
describe drug release from a system was proposed by
Higuchi in 1961. Initially conceived for planar systems,
it was then sustained to different geometrics and porous
systems. This model is based on the hypothesis that
e initial drug concentration in the is much
higher than drug solubility;
e drug diffusion takes place only in one
dimension (edge effect must be negligible);
e drug particles are much smaller than system
thickness;
¢ swelling and dissolution are negligible;
e drug diffusivity is constant; and
e  Perfect sink conditions are always attained in

the release environment.

In a general way the Higuchi model is simply expressed

by following equation

Q=KH-t1/2
Where, KH is the Higuchi dissolution constant.

The data obtained were plotted as cumulative

percentage drug release versus square root of time.

Application
This relationship can be used to describe the drug
dissolution from several types of modified release
pharmaceutical dosage forms, as in the case of some
transdermal systems and tablets with water soluble
drugs.
Korsmeyer-Peppasmodel
Korsmeyeret al.(1983) derived a simple relationship
which described drug release from a polymeric system
equation. To find out the mechanism of drug release,
first 60% drug release data were fitted in Korsmeyer-
Peppas model,

Mt / M = Ktn
where Mt / M is a fraction of drug released at time t, k
is the release rate constant and n is the release exponent.
The n value is used to characterize different release for
cylindrical shaped matrices. In this model, the value of n
characterizes the release mechanism of drug as

described in the following table.

Table 02: Drug transport mechanisms suggested based

on ‘n’ value

Drug Rate as a
S. Release

No | exponent

transport function of

mechanism time
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Fickian
1 0.5 t05
diffusion
5 045<n= Non -Fickian -
0.89 transport
Case II Zero order
3 0.89
transport release
4 Higher than Super case 11 -
0.89 transport

To find out the exponent of n the portion of the release
curve, where Mt / Moo < 0.6 should only be used. To
study the release kinetics, data obtained from in vitro
drug release studies were plotted as log cumulative
percentage drug release versus log time.
Zetapotential
There are three ways by which a solid particle (colloid)
dispersed in a liquid mediacan acquire a surface charge.
First, by the adsorption of ions present in the solution.
Second, by the ionization of functional groups on the
particle’s surface. Third, due to the difference in
dielectric constant between the particle and the medium.
Attention should be paid to the formation ofelectric
double layer at the solid-liquid interface. The zeta
Potential is defined as the difference in potential
between the surface of the tightly bound layer
(shearplane) and the electro-neutral region of the
solution.
The potential gradually decreasesas the distance from
the surfaceincreases. As the concentration of electrolyte
increasesin the medium, the zeta potential falls off
rapidly due to the screening effect of the counter ions
(Fig 02).The zeta potential cannot be measured directly;
however, it can be calculated using theoretical models
and from experimentally determined electrophoretic
mobility data. The theory is based on electrophoresis
and can be expressed as:

n=_Gem
Where (u) is the electro phoretic mobility, () is the
electric permittivity of the liquid,(n) Is the viscosity and
(C) is the zetapotential
Results and discussion
Preformulation studies
Solubility studies
Saturation solubility was carried out at 25°C using 0.1N
HCL, 6.8 and 7.4 phosphate buffer, ethanol, and

methanol.
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Table 03: Solubility Studies Data of Fluvoxamine

Solvent Solubility (pg/ml)
Methanol 2.25
Ethanol 1.45
1.2 pH buffer 0.676
7.4 pH buffer 0.652
6.8 pH buffer 0.737

2.5

1- W Seriesl
N I I I:
0 il T T

Methanol  Ethanol 1.2 pH 74pH 6.8pH
buffer buffer buffer

Fig 02: solubility chart in various solvents
From the above conducted solubility studies in various
solvents we can say that methanol shows highest
solubility than other solvents.
Determination of absorption maximum (Amax)
Determination of Fluvoxamine A-max was done in pH
7.4 buffer medium for accurate quantitative assessment

of drug dissolution rate.

Scan Spectrum Curve
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2016.80
{J.?3Br

8 o475 I'u
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-0.050) , e L L A
200.00 250.00 300.00 350.00 400.00

Wavelength(nm)

Fig 03: UV Spectrum of Fluvoxamine

International Journal of Health Care and Biological Sciences [47]



Discussion

UV Spectra of Fluvoxamine at 10pg/ml concentration.
Wavelength of maximum absorption in 7.4pH buffer
was found to be 245nm

Standard Calibration curve of fluvoxamine

Table 04: Calibration curve of fluvoxamine in 7.4 pH
buffer

Concentration (ug/ml) Absorbance
0 0
2 0.108
4 0.214
6 0.325
8 0.433
10 0.535
12 0.634
0.7
0.6
0.5
% 0.4 y =0.053x+ 0.001
£ R?=0.999
2 03
<
0.2
0.1
0 4
0 2 4 6 8 10 12 14

Concentration (ug/ml)

Fig 04: Calibration curve of fluvoxamine in 7.4 pH
buffer
The linearity was found to be in the range of 2-12
pg/ml in pH 7.4 buffer. The regression value was
closer to 1 indicating the method obeyed Beer-
lamberts’ law.

Drug and Excipients compactability studies
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Fig 05: FTIR of Pure Drug
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Fig 06: FTIR of Drug + Excipients

From the compatibility studies it was concluded that the
functional groups that were presented in the pure drug
were present in the optimized formulation with very
minute changes, from this we can concluded that the
drug and excipients have no interactions.

Drug entrapment efficacy

Table 05: Drug entrapment efficacy

Formulation code %EE
F1 95.31
F2 96.47
F3 97.23
F4 98.43
F5 96.43
Fé6 95.08
F7 96.43
F8 95.36
F9 98.13
Discussion

The percentage of drug entrapment efficiency of
formulation F1 was found to be 95.31%formulation F2
was found to be 92.47%formulation F3 was found to be
98.23%, formulation F4 was found to be 97.43%,
formulation F5 was found to be 96.43%, formulation F6
was found to be 95.08%, formulation F7 was found to be
97.43%, formulation F8 was found to be 92.36%,
formulation F9 was found to be 98.13%.
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Scanning electron microscopy
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Fig 07: SEM Image of Optimized Nanoparticle

formulation
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Zeta Potential

The measurement itself is a particle electrophoresis, the
particle velocity is determined via the doppler shift of
the laser light scattered by the moving particles. The
field strength applied was 20 V/em. The electrophoretic
mobility was converted to the zeta potential in mV
using the Helmholtz-Smoluchowski equation. At
standard measuring conditions (room temperature of 25
°C, water) this equation can be simplified to the
multiplication of the measured electrophoretic mobility
(um/cm per V/cm) by a factor of 12.8, yielding the ZP in
mV.

[a.u.)

Intensity

Mohbility (cm2fv's)
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Invitro diffusion studies of fluvoxamine nano
particles
Table 06: Invitro diffusion studies of fluvoxamine

nano particles

Ti

F1 | F2 | F3 (F4 | F5 | F6 | F7 | F8 | F9

0 0 0 0 0 0 0 0 0 0

36. | 40. | 45. | 39. | 34. | 40. | 27. | 22. | 28.
1 15 | 18 | 46 | 42 | 15 | 81 | 31 | 63 | 49

53. | 50. | 57. | 46. | 42. | 46. | 39. | 37. | 36.
2 16 | 45 | 71 | 98 | 87 | 97 | 52 | 49 | 05

67. | 58. | 66. | 58. | 54. | 50. | 51. | 50. | 48.
3 49 | 08 | 18 | 05 | 98 | 18 | 18 | 02 | 18

80. | 70. | 72. | 70. | 66. | 58. | 65. | 62. | 59.
4 52 | 98 | 31 | 46 | 52 | 51 | 08 | 31 | 17

95. | 81. | 85. | 79. | 77. | 65. | 75. | 75. | 65.
6 75 | 08 | 18 | 32 | 42 | 19 | 98 | 53 | 79

97.192. | 91. | 83. | 73. | 94. | 91. | 72.

8 35 121 | 05|16 | 94 | 75 | 49 | 43
98. 95. | 82. 98. | 85.

10 42 21 | 05 61 | 19
98. 96.

12 05 19

All the 9 formulations of fluvoxamine nanoparticle
dispersion were subjected to drug release studies.
Formulations F1, F2, F3 containing the ethyl cellulose as
polymer.F1 shows 95.75% drug release at the end of
6hrs. Where as F2 formulation shows 97.35% drug
release at the end of 8hrs. While the F3 formulation
shows 98.42% drug release at the end of 10hrs. As the
concentration of polymer increasing drug release time is
increased. So further trails were performed using
Eudragit RS 100 with same proportions. Formulations
F4, F5 F6 containing the Eudragit RS 100, F6
formulation shows maximum drug release at the end of
12hrs. while Formulation F7, F8, F9 containing Eudragit
RL 100, in which F7 formulation shows 94.75% drug
release at the end of 8t hour and F8, F9 shows 98.61% ,
96.19% drug release at the end of 10, 12hrs. Among all
the 9 formulations F6 formulation is optimized, as it
shows maximum drug release at the end of 12hrs which
suits the controlled release drug delivery system criteria
as per our studies. Further drug release kinetics were

performed to F6 formulation.
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Drug Release Kinetics (F6)
Zero Order

120

100

30 *

60

% CDR

40
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0

y=7.667x+10.09
R?=0.967

0 2 4 o 8 10 12

Time(hrs)

14
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Table 07: in-vitro drugrelease mechanism of best

Fig 08: zero oder of optimized formulation (f6)

First order

formulation
Bat Zero First Hig Pe Pe
a
h Orde Orde uch PP PP
c

r I i as as

Co R R R R
de 2 2 2 2 n
0.97 0.6 1.2

0.967 0.864

6 2 76 35

25

Log %ARA

y=-0.109x+2.111
R?=0.864

0 2 4 6 8 10 12

Time(hrs)

14

Fig 09: first oder of optimized formulation (f6)

Higuchi Plot
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80
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%CDR

40

20

100 y =28.95x-8.790 *
R?=0.972

0

-20
Root time

0.5 1 15 2 2.5 3 3.5

Fig 10: higuchi plot of optimized formulation (f6)

Peppas plot

2.5

2

Log Time

£ 15
2
xR
& y=1.235x+ 0.789
R2=0.676
0.5
0
0 0.2 0.4 06 0.8 1

12

Fig 11: peppas plot of optimized formulation (f6)

From the drug release kinetics of nanoparticles
dispersion,it was concluded that the formulation
Fé6shows 97.365 of drug release at the end of 12" hour. It
follows zero order release and follows super case II

transport mechanism.

Summary and Conclusion

Nanoparticulate carriers may provide a Dbetter
therapeutic output by targeting drugs specifically to their
site of action and by improving the pharmacokinetic
profile of effective drugslow bioavailability and low
halflife. In present investigation Nano particleswere
method. New Nano

particulate drug carrier that combines the benefits of

prepared by emulsification

polymeric nanoparticles to enhance the bioavailability of
drugs, retain the drug in the absorption site more than
the half life of the drug, reduce dose frequency, toxicity
and patient compliance. Total nine nanoparticles
formulations was formulated using Ethyl cellulose,
Eudragit RS 100 & Eudragit RL 100. Estimation of
Fluvoxamine was carried out spectrophotometrically at
245nm. The Nanoparticles were evaluated for
parameters such as drug content uniformity, scanning
electron microscopy, particle size analysis, zeta potential,
in-vitro release, Drug release kinetics. Form the drug
excipient compatibility studies we observe that there are
no interactions between the pure drug (Fluvoxamine)
and optimized formulation (Fluvoxamine+ excipients)
which indicates there are no physical changes. Zeta
potential value for the optimized formulation (F6)
was found to be within the acceptable limits.
Average particle size of Nanoparticles of optimized
formulations (F6) was found to be 180 nm. From the
invitro studies we can say that formulation F6 shows
best drug release of 98.05% within 12 hrs to release the
drug. The drug release from the Nanoparticles was
explained by the using mathematical model equations

such as zero order, first order, and equation methods.
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Based on the regression values it was concluded that the

optimized formulation F6 follows Zero order drug

release with super case II transport mechanism.

Author Contribution
All authors Contributed Equally

Funding

No funding

Conflict of Intrest

Authors Declare the no conflict of Intrest

References

1.

Liversidge M. Nanosizing: a formulation
approach for poorlywater-soluble compounds.
Eur ] Pharm Sci 2003;18:113-20.

Muller. Nanosuspensions as particulate drug
formulation in  therapy rationale for
development and what we can expect for the
future. Adv Drug Delivery Rev 2001;47:3-19.
Liversidge.
nanoparticles, US Patent No. 5; 1992. p. 145-
684.

Sucker H, Muller RH, Hildebrand GE. Eds.
Pharmaceutical Technology: Modern Dosage
forms. WVG MBH, Stuttgart; 1998. p. 383-91.

Moschwitzer J, Achleitner G, Pomper H,

Surface modified drug

Muller RH. Development of an intravenously
stable
omeprazole formulation using nanosuspension
technology. Eur ] Pharm Biopharm2004;58:615-
9.

Francis D. Ion milling coupled field emission

injectable chemically aqueous

scanning electron microscopy reveals a current
misunderstanding of the morphology of
polymeric Pharm
Biopharm?2015;89:56-61.

Dong C. Synthesis

nanoparticles. Eur ]

of magnetic chitosan
nanoparticle and its adsorption property for
humic acid from aqueous solution. Colloids
Surf A 2014;446:179-89.

Qingguo Xu. Nanotechnology approaches for
ocular drug delivery, Middle East. Afr ]
Ophthalmol2013;20:26-37.

Muller RH, Bohm BHL. Emulsions and
nanosuspensions for the formulation of poorly
soluble drugs. medpharm scientific publishers,
Stuttgart; 1998. p. 149-74.

Naga Durga et al., Int Jou Hea Bio Sci, 2(2),2021, 43-52

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

International Journal of Health Care and Biological Sciences

Muller RH, Becker R, Kruss B, Peters K.
Pharmaceutical nanosuspensions for
medicament administration as system of
increased saturation solubility and rate of
solution, US Patent No. 5; 1999. p. 858, 410.

Muller RH, Keck CM. Challenges and solutions
for the delivery of biotech drugs-a review of
drug technology and lipid
nanoparticles. ] Biotechnol2004;113:151-70.

Bisrat M, Nystrom C. Physicochemical aspects

nanocrystal

of drug release. VIII. The relation between
particle size and surface specific dissolution
rate in agitated suspensions. Int ] Pharm
1988;47:223-31.

Mosharraf M, Nystrom C. The effect of particle
size shape on the surface specific dissolution
rate of micronized practically insoluble drugs.
Int ] Pharm 1995;122:35-47.

Zhang ]. Preparation of amorphous cefuroxime
axetil nanoparticles by controlled
nanoprecipitation method without surfactants.
Int ] Pharm 2006;323:153-63.

Duchne D, Ponchel G. Bioadhesion of solid oral
dosage forms, why and how? Eur ] Pharm
Biopharm1997;47:15-23.

Yoncheva K, Lizarraga E, Irache JM. Pegylated
nanoparticles based on poly (methyl vinyl
ether-co-maleic anhydride): preparation and
evaluation of their bioadhesive properties. Eur
J Pharm Sci 2005;24:411-9.

Hui HW, Robinson JR. Effect of particle
dissolution rate on ocular drug bioavailability.
J Pharm Sci 1986;75:280-7.

Schoenwald RD, Stewart P. Effect of particle
bioavailability  of
dexamethasone suspensions in rabbits. ] Pharm
Sci 1980;69:391-4.

Novir SB. Computational investigation of

size on  ophthalmic

structural and electronic properties of cis and
trans structures of fluvoxamine as a nano-drug.
Int ] ComputTheor Chem 2017;1105:33-45.

Dezani AB, Pereira TM, Caffar AM, Reis JM,
Serra CHR. Equilibrium

dissolution:

solubility ~versus
intrinsic characterization  of
lamivudine, stavudine and zidovudine for BCS
classification. Braz. J. Pharm. Sci. 2013; 49(4):
853-863.
Triggle, D, ].
Antagonism: Losartan-Sites and Mechanisms
of Action. Clin Ther. 1995; 17(6):1005-1030.

Angiotensin II Receptor

[51]



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Dahan A, Miller JM, Amidon GL. Prediction of
Solubility and Permeability Class Membership:
Provisional BCS Classification of the World’s
Top Oral Drugs.AAPS J. 2009; 11(4):740-746.
Rao PLKM, Venugopal V, Anil Kumar G,
Rajesh B, Prasad GAL and Ravindergoud D.
Quantitative Estimation of Losartan Potassium
In Pharmaceutical Dosage Forms By Uv
Spectrophotometry. IJRPC 2011, 1(3)

Rao KS, Panda M, Keshar NK.
Spectrophotometric methods for the
simultaneous estimation of losartan potassium
and hydrochlorothiazide in tablet
forms. Chron Young Sci 2011;2:155-60.
V. V. Chandrasekar, S.
Ramakrishna, V. Kishan, Y. M. Rao, and P. V.

Diwan,

dosage

Kumar, D.
“Development and evaluation of
nitrendipine loaded solid lipid nanoparticles:
influence of wax and glyceride lipids on
plasma pharmacokinetics,” International Journal
of Pharmaceutics, vol. 335, no. 1-2, pp. 167-175,
2007.

H. Chen, X. Chang,
“Podophyllotoxin-loaded

D. Du et al,

solid
nanoparticles for epidermal targeting,” Journal
of Controlled Release, vol. 110, no. 2, pp. 296-306,
2006.

Xu Y, Du Y. Effect of molecular structure of

lipid

chitosan on protein delivery properties of
chitosan nanoparticles. Int ] Pharm 2003;250:
215-26.
Higuchi action

T.Mechanism ofsustained

medication. Theroetical analysis of rateof
release of solid drugs dispersed in solid
matrices. ] PharmSci 1963; 51: 1145-9.

NA.Analysis

fickiandrug

Peppas of Fickianand non-

from
PharmActaHelv 1985; 60: 110-11.
Marabathuni V], Dinesh P, Ravikumar R,
Yamini P, Kiran PS, Hussain SP, Rao CM.
Chitosan based

mucoadhesive

release polymer.

sustained release

buccal patches
amlodipine besylate (AMB). Asian ] Res Pharm
Sci. 2017 Jun 28;7:97-104.

V Jhansipriya Marabathuni, M. Bhavani, M.
Lavanya, K. Padmaja, N. Madhavi, P. Babu,
Ch. M. M. Prasada Rao. Formulation and

evaluation of mouth dissolving Tablets of

containing

carbamazepine. Asian J. Pharm. Tech. 2017; 7

Naga Durga et al., Int Jou Hea Bio Sci, 2(2),2021, 43-52

32.

33.

34.

35.

36.

37.

38.

International Journal of Health Care and Biological Sciences

3): 137-143. doi: 10.5958/2231-

5713.2017.00022.8

Bhabani Shankar Nayak, Dash,

Suprava Sethy, P. Ellaiah, And Suroj Sahoo.
Vitro

Dental

Implant for Periodontal Diseases”. International

Jharana
“Formulation = Design and in
Characterization of Clotrimazole
Journal of Pharmaceutics and Drug Analysis, Feb.
2015, pp. 68-75.

Syed Igbal Mohiuddin, Mir Mujahid Ali, Md
Majid Igbal, and Anil Middha.

“Formulation and In-Vitro Evaluation of

Kumar

Compression Coated Tablet of Tinidazole for
Spe-Cific
System”. International Journal of Pharmaceutics
and Drug Analysis, Aug. 2017, pp. 313-2.

B, P., A. Soman, J. Jobin, P. S. Narayanan, and
A. P. John. “PLANTS AND
PHYTOCONSTITUENTS HAVING
SUNSCREEN  ACTIVITY”. World  Journal of
Current Medical and Pharmaceutical Research,
Vol. 2, no. 1, Feb. 2020, pp. 14-20,
doi:10.37022/WJCMPR.2020.02019.

Archana Tomar, Arpita Singh, Amresh Gupta,
and Satyawan Singh, “FLOATING DRUG
DELIVERY SYSTEM: A REVIEW”, Int | Indig
Herb Drug, pp. 33-39, Feb. 2021.

AVINASH, Arpita Singh, Swarnima Pandey,
Mohd Aqil Siddiqui, and Nitish Kumar, “A

Brief Review on

Colon Drug Delivery

Nanoparticles: Type of
Platforms,
Evaluation”, Int | Indig Herb Drug, pp. 23-28,
Feb. 2021.

Thella, A. B, N. A, T. K, and S. P. P.

“Formulation Development And In Vitro

Biological synthesis &

Characterization of Atorvastatin Buccal Patches

", International Journal of Pharmacognosy and

Chemistry, June 2020, PP- 1-11,
https://www.saap.org.in/journals/index.php/ijp
c/article/view/8.

Sudhakar Kancharla, Prachetha Kolli, and
Dr.K.Venkata Gopaiah. “Nanosuspension

Formulation & Evaluation of Ritonavir &
Valsartan by Using Poloxamer As a Stabilizing
Agent to  Enhance the Oral Bio
Availability”. International Journal of Health Care
and Biological Sciences, Mar. 2021, pp. 04-17,
doi:10.46795/ijhcbs.vi.137.

[52]


https://www.doi.org/10.5958/2231-5713.2017.00022.8
https://www.doi.org/10.5958/2231-5713.2017.00022.8
https://www.saap.org.in/journals/index.php/ijpc/article/view/8
https://www.saap.org.in/journals/index.php/ijpc/article/view/8

