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ABSTRACT

The objective of the present work is to prepareeMafic acid loaded bovine serum albumin nanopasidby
Desolvation technique. Drug-polymer dispersion \wespared under continuous mechanical stirring. Deating
agent was added by means of two methods. In cantinaddition method desolvating agent was adddbeatate

of 1ml/Imin whereas in Intermittent addition methbd desolvating agent was added at the rate ofSknihs.
Appearance of turbidity was considered as the enthtp A cross-linking agent was added to stabilthe
nanoparticles and stirring was continued for 12fie obtained nano formulations were studied for
characterization and evaluation parameters.Among flve formulations of continuous addition methaad a
intermittent addition method the F3 formulationsswaund to be the best formulation with entrapnedfitiency of
93.13% and 95.05% respectively, loading capacit2D4% and 32.3% respectively, mean particle dtamef
211.6nm and 208.7nm respectively and zeta potevaiale of -49.8mVand -52.8mV respectively. On coispa
the intermittent addition method was concluded las best method for the preparation of mefenamia aci
nanoparticles because of its small mean particknditer (208.7nm), zeta potential value of -52.8higher drug
entrapment efficiency (95.05%) and sustained delgase profile.

Keywords: Mefenamic acid, Desolvation, Bovine Serum Albuniasticle size, Zeta potential.

INTRODUCTION

Nanoparticles

Nanotechnology has achieved breakthrough in thetayse bioengineering, diagnostics, imaging, andicspin
recent vintage. The development of nanosystemasilying the macromolecules is the recent topinadrest. As
nanoparticles possess extraordinary, often tunatoperties dramatically different from the bulk ewals, such as
high surface to volume ratio, particle size andath there is an enormous demand for the tailoden@nctional
nanoparticle systenfs Inorganic, organic or hybrid nanoparticular matierare used in various applications fields
as medicine, pharmaceuticals, analytics, catalgsisting, and several othérs

Nanoparticles are efficient and versatile deviagsdiug delivery as they can improve crucial prépsrof a drug
entity such as solubility, pharmacokinetic, biodisition and in vivo stabilit} Due to their tailoring properties they
can overcome physiological barriers and can helpgtae their payload to specific cells or interakit
compartments. By which side effects can be minithiaad therapeutic benefits of a drug can be ineckaBy
virtue of their small size and by functionalizinigetr surface with polymers and appropriate liganmsymeric
nanoparticles can also be targeted to specifics catid locations in the body. Depending on the petym
characteristics, polymeric nanocarriers can alsertggneered in such a way that they can be activatechanges in
the environmental pH, chemical stimuli, or temperet®.
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Macrophages are well recognized phagocytic celth®feticuloendothelial system (RES) and one efrttain cells
responsible for the uptake and clearance of adteieis drug-loaded nanopartidleln general, once nanoparticles
are opsonised, endocytosis/phagocytosis occurs dahd nanoparticles are incorporated in an
endolysosome/phagolysosome and degrade. Howeeeapility of various nanoparticles to escape treogrsomal
compartment allows incorporated drugs to be dedideto the cytoplasm and finally to the nucleus. sTliis
property of the nanoparticles to be easily takemyphagocytic cells makes them feasible to caroygins, genes
and other biological macromolecules as well. Otigplications include cytoplasmic release of plasweidtors and
therapeutic agents (e.g. for cytoplasmic infectiansgl for slow cytoplasmic release of drugs thatactuclear
receptors) .

Depending on the preparation methods used, twcerdift types ofnanoparticles can be obtained, namely
nanospheres and nanocapsules. Nanoparticles ayéodided particles with diameter ranging from ZL&®0nn1™.
Nanoparticles are defined as solid, sub micro-sdred carrier that may or may not be biodegradaiéoparticle

is a collective term used for both nanospheresrambcapsules. Nanospheres have a matrix type wgteuahd the
drug may be adsorbed at the sphere surface or sresgd within the particle. Nanocapsules are thsicular
system in which the drug is confined to a cavityisisting of an inner liquid core surrounded by dymeric
membgéme. In this case the drug is usually dissolmethe inner core but may also be adsorbed toctpesule
surface".

Advantages

By formulating drug entities as nano particulatsteyns, increased stability of any volatile pharro¢ical agents is
achieved. They offer a significant improvement ofraditional oral and intravenous methods of adstration in
terms of efficiency and effectiveness.Less toxi@td good control over size and size distributidtable dosage
forms of drug which are either unstable or havecaaptably low bioavailability can be formulatedresoparticles.
When formulated as nano systems an improved dgyhilability through enhancing aqueous solubikitgeen. It
increases the resistance time in the body (inangagie half-life for the clearance/ increasing #aty for its
cognate receptor).Relatively higher intercellulptake is observed because of their small size andpenetrate
through smaller capillaries and is taken up byscellhich allow efficient drug accumulation at tlaeget sites.The
use of biodegradable materials for nanoparticlpgmation allows sustained drug release within éingett site over a
period of days or even weék®.

Limitations

Their small size and large surface area can legmhtticle aggregation, making physical handlinghahoparticles
difficult in liquid and dry forms.In addition, smaarticles size and large surface areas readsiyltrén limited drug
loading and burst release.The major threat to sajastion is yet to be reveatdd

Types of nanoparticles:

Nanoparticles are broadly classified as polymera@naparticles and solid lipid nanoparticles. Polyimer
nanoparticles are made from biodegradable and bipatible polymers such as polymers, either nafpodfmer
(e.g., gelatin, chitosan etc.) or synthetic polysrier.g., polylactides, polyacrylcyanoacrylates)etc.

Carrier (Polymer):
Polymeric nanoparticles can be prepared from sewaof materials such as proteins, polysacchar@sgnthetic
polymers®. The selection of matrix materials is dependenmamy factors including®:

(a) Size of nanoparticles required;

(b) Inherent properties of the drug, e.g., aquesmlighility and stability;
(c) Surface characteristics such as charge andgaduitity;

(d) Degree of biodegradability, biocompatibilityt&xicity;

(e) Drug release profile desired; and

(f) Antigenecity of the final product.

Generally the properties of the resultant polymerdmoparticles depend evidently on the method arignper
carrier chosen. Natural polymers are most commardgd polymers due to their bio-compatibility ana-bi
degradability. They are Gelatin, Sodium alginatéyuiin, Chitosan, Fibroin, Lectins, Legumin andfegh. The
synthetic polymers that can be used are Poly laatid(PLA), Ethyl cellulose, Eudragit® S100, Polsictide co-
glycolides) (PLGA), Poly epsilon caprolactone, P@thylene glycol) (PEG) and so forth.

Bovine Serum AlbuminS(BSA) is a macromolecular iesirand is widely used to prepare nanoparticles, touits
biodegradability, nontoxicity and nonimmmunogeniciis a major plasma protein, albumin has a distedge
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over other materials for nanoparticle preparatfdn.the other hand, albumin nanoparticles are biadizdple, easy
to prepare in defined sizes, and carry drug estitie their surfaces by covalent linkage that candesl for ligand
binding. Drugs entrapped in albumin nanoparticks lse digested by proteases and drug loading candified.

A number of studies have shown that albumin accateslin solid tumors making it a potential macrcnalar

carrier for the sitalirected delivery of antitumor drugs®

In this study Mefenamic acid was formulated as pamnticle drug delivery system using natural polyr{igovine
serum albumin). Mefenamic acid is a widely presdilNSAID and used as first line therapy for thatimeent of
ailments such as Arthritis and Dysmonorrhoea. Mafiein acid is a Non-steroidal anti-inflammatory d({dpAID),
with analgesic, and anti-pyretic properties. ltc@nsidered to be a BCS Class Il drug (low solubid high
permeable). Mefenamic acid binds the prostaglasgimhetase receptors COX-1 and COX-2, inhibitirg dlstion
of prostaglandin synthetase. As these receptors hawle as a major mediator of inflammation, thegtoms of
pain are temporarily reduced.

Mefenamic acid has less biological half life (t16f)2hrs and being an NSAID has a major side efféajastric
irritation. Formulating such drug into nanopartgclesing biodegradable and biocompatible polymeexjgected to
increase the sustain release action and patientl@ome with fewer side effects.

MATERIALSAND METHODS

2.1 Materials: Mefenamic acid (purchased from Sigma Aldrich ChextsicPvt. Ltd., Bangalore), Bovine serum
albumin (HiMedia Laboratories Pvt. Ltd., Mumbai)otRssium Dihydrogen phosphate, Sodium hydroxide,
Glutaraldehyde 25% and Acetone from SD Fine Chednhicaited, Mumbai.

2.2 Methodology: Preparation of Mefenamic acid loaded BSA nanoglagi was carried out by Desolvation
technique. Desolvation is a thermodynamically driwelf —assembly process for polymeric materialprepare
nanoparticles. Aqueous drug polymer dispersion pvapared and pH was adjusted (away from iso-eteptrint).
The desolvating agent (Acetone) was added undeincmus mechanical stirring. In continuous additioethod
the desolvating agent was added at a rate of Iminpe In intermittent addition method the desoiwgtagent was
added at a rate of 1ml per 5 mins. The appearahtertsidity was observed as the end point of thectien. A
cross-linking agent (glutaraldehyde 25%) was aduetistirring was continued. The solvent was remdwetbtary
evaporation at a vacuum pressure of 760mmHg. foaénfy amorphous nanoparticles were obtained.

Five formulations were prepared by varying the emi@ation of polymer and drug for each method (@amus
addition method and intermittent addition method).

Tablel: parametersoptimized for the preparation of Mefenamic acid nanoparticles by desolvation technique

Op timized parameter Formulations Y ariables Constant parameters
pH Al 5 Stirring speed=700rpm

A2 T Stirring time=%hrs
A3 o
Stirring speed (rpm) B1 500 pH=]
B2 700 Stirring time—=%hrs
B3 oS00
Stirring time Chours) Cl1 6 pH=7
(after the addition of C2 o Stirring speed=700rpm
Cross-linking agent) 3 12
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Table 2: Optimized formulationsfor the preparation of Mefenamic acid-Bovine serum albumin nanoparticles

Formulation Dwrus: polvimer ratio Optimized parameters

F1 1:1 pE=7

F2 ol B Stirring spesed = 700rpm
3 12 Stirring Time = 12hrs

4 1.5:1

s 2-1

2.3 Characterization andEvaluation of M efenamic acid nanoparticles

Study of surface morphology of nanoparticles by scanning electron microscope (SEM)

The prepared amorphous nanoparticles were dispérsgeionised water and sonicated for 30 minutesiréular
metal plate is taken on to which carbon double télhemx1mm) is stickered; a drop of the resultamona
dispersion is placed on to the tape and alloweattydor a while. Then it is scanned for morpholaging S-3700N,
Hitachi, Japan

Deter mination of size distribution and zeta potential

The prepared nanoparticles were dispersed in dsidnwater and sonicated for 30 minutes. The regudiapersion
was diluted and observed for particle size and zetaes using Zetasizer (Horiba Instruments LtdpZsotential
reflects the electrical potential of the particiesl is influenced by the composition of the pagtahd the medium in
which it is dispersed. Nanoparticles with a zetéeptal above (+/-) 25 mV have been shown to bélstin
suspension, as the surface charge prevents paatigeegation ™. The Zeta sizer calculates the particle size in a
sample by means of Stokes-Einstein Equation (Eedet).

D=KT/6mnRy Eq.1

Where D= Diffusion coefficient
K= Boltzmann Constant

T= Temperature

n= Viscosity

Ry= Hydrodynamic radius.

Study of interaction between the drug and the excipientsusing FTIR spectr oscopy

Mefenamic acid, Bovine serum albumin and prepa@atbparticles were mixed separately with IR grade Kid
compressed into pellets by applying 8000 metrie tohpressure in a hydraulic press and the pellete scanned
over a wave number range of 4000 to 400" éma FTIR 7008 *°(Horiba scientific, Mumbai.).

Drug content

The nanopatrticle formulations were examined forgdcontent. Prepared nanoparticle were added tova&guit
guantity of methanol and kept for magnetic stirratgs00 rpm for 3hrs separately. The amount of gmegent in
the supernatant was analyzed under UV spectroplatésm

Entrapment efficiency study

The prepared formulations were examined for Entenifficiency. 50mg of the prepared formulationsvtaken
in equivalent quantity of 7.2 pH phosphate buffiédre suspension is ultra centrifuged at 17000rpmtangberature
of -4°C for 40 minutes. The entrapment efficiency (EE) apnading Capacity (LC) can be expressed as fdftdv
(refer Eq2 & 3);

%EE= Total amount of the drug entrapped x100/ Tatabunt of drug initially taken  Eq.2
%LC =Total amount of the drug entrapped x 100/ Ma&ight of nanoparticles taken EQ.3

Invitro drug release study of nanoparticle for mulationsin Phosphate Buffer Saline (pH 7.4)

For the nanoparticles both the drug release anghyml degradation are two important consideratitmsitro drug
release studies were conducted by means of Arb#aaker in 7.2 pH buffer at a temperature of 37 @5c and
rotation speed of 100 rpm. Samples were withdratwregular time interval and replaced with equal riita of
buffer solution. Then the withdrawn samples werstiiiged at 3000 rpm for 15 minutes after whicle ttlear
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supernatant was collected. The drug concentratidthe supernatant was observed under UV spectropieder at a
wavelength of 285nm.

RESULTSAND DISCUSSION

3.1 Mefenamic Acid Loaded BSA Nanoparticles by Continuous Addition Method and Intermittent addition

method.

The pH is the most important factor to control tmagulation of BSA molecule during desolvation @sx The
isoelectric point (pl) of BSA is about 4.7. WheretpH of solution was close to pl, enhanced propeatein
reactions might occur resulting in increased caatinh among BSA. This is due to the higher eletitasrepulsion
resulting in larger particles. At pH 7 BSA possassegative charge at which coagulation result©imétion of
smaller particles. With increase in pH beyond 7sblebility of BSA in aqueous medium is decred3ét

As reported by the previous studies for the desetlaalbumin particles, the lowest required glutehlde
concentration for the production of stable nandpiag appear to be 40%and 53 In the present study 25% of
glutaraldehyde was found to result in stable plagic

Previous study support the use of acetone as dgsujvagent may yield nanoparticles with partidlees200nm
compared to ethanol as desolvating affefftis is because acetone being a better non-golweBSA than other
organic solvents.

88.2nm

\;"‘?»
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4’

-
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.-

15.0kV 5. 1mm x30.0k SE

-

Tmm x30.0k SE 1.00um

Fig.2: SEM picturesof F3 formulations of inter mittent addition method
From the resultant images all the five formulatiesh®w spherical surface in nano meters.
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Effect of Drug-polymer concentration on optimized for mulation

The effect of drug-polymer concentration on theirojged formulation was studied. By varying drugyouoker
concentration five formulations were prepared factemethod. The prepared formulations were chaiaeteand
evaluated for following parameters.

CHARACTERIZATION PARAMETERS

3.1.1 Scanning electron microscopic

The bovine serum albumin nanoparticles preparedobginuous addition method and intermittent additivethod
and were characterized for surface morphology uSiranning electron microscopy (S-3700N, Hitachpadd.
3.1.2 Particle Size Distribution

The prepared formulations were characterized fotigha size distribution using Zeta sizer (Horibaiehtifics,
Mumbai). The analysis was performed at a temperaifi25SC with double distilled water as dispersion medium.

300

250

243
221
209.1 211.6
201
Mean 200
particle
diameter
(m) 450
100
50
0
F1 F2 F3 F4 F5

formulations
Fig.3: comparison of mean particle diameter of five formulations of continuous addition method
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Fig.4: comparison of mean particle diameter of five formulations of inter mittent addition method

All formulations were within nano range. The meanmtigle diameter of five formulations F1, F2, F3, &d F5 of
continuous addition method was found to be 201,20811.6, 221 and 243 nm respectively. The meaticlea
diameter of five formulations F1, F2, F3, F4 and dfSntermittent addition method was found to be8.29 191,
208.7, 220 and 227 nm respectively.
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Measurement Results

Date b
Measurement Type
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——

e

23 August 2014 10:36:12
Particle Size

Sample Mame : F3 BsSA
Scattering Angle : 90
Temperature of the holder : 25.1 deg. C
T% before meas. : 35178
Viscosity of the dispersion medium : 3.084 mPa.s
Form Of Distribution : |Standard|
Representation of result Scattering Light Intensity
Count rate 1 120 KkCPS
Calculation Results .
Peak Mo, S.P.Area Ratio | Mean S. D. Moda
1 1.00 | 291.6 mm 47.1 mm 204 .8 mm
— | =— mm === U = Hm
E . | = I —= TN — R
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Fig.5: Particle size distribution report of F3formulations of continuous addition method
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Measurement Results :
Date 23 August 2014 10:29:23
Measurement Type Particle Size
Sample Name F3 BSA Int
Scattering Angle 90
Temperature of the holder 25.0 deg. C
T% before meas. 34178
Viscosity of the dispersion medium 3.089 mPa.s
Form Of Distribution [Standard|
Representation of result Scattering Light Intensity
Count rate 137 KCPS
Calculation Results
Peak No. S.P.Area Ratio Mean S.D. Mode
1 1.00 208.T nm 48.1 nm 204.2 mim
3 . === [N 1 1111 = UM
3 _— - i — T — T
Total 1.00 208.7 nm 46.1 mm 204._2 mim
Cumulant Operations
Z-Average 164.7 nm
—100
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] ] —30 o
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= =10
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Diameter (nm)

Fig.6: Particle size distribution report of F3 formulations of inter mittent addition method

The results show that polymer concentration hasféatt on particle size of the nanoparticles. Witbrease in the
polymer concentration an increase in particle sias observed. This might be explained by the fact thatreased
BSA concentration during the desolvation processymably led to increased nucleation of BSA pasiciThus
resultingin the formation of larger BSA nanopagi .
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3.1.3 Zeta potential
The nanoparticles prepared by continuous additiethod were characterized for zeta potential usiata Bizer
(Horiba Scientific, Mumbai). The analysis was peried at a temperature of Z5with double distilled water as
dispersion medium.

60

5 =5 50 49.8
43
40 39.8
Zeta
potential v 30
alues (mV)
0
F1 F2 F3 F4 F5

formulations

[N
o

=
o

Fig.7: comparison of zeta potential values of five formulations of continuous addition method
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41 53 52.8
50
41
40
Zeta 32.8
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formulations

]
o

-
o

Fig.8: comparison of zeta potential values of five formulations of intermittent addition method

From the results all the formulations were foundbto stable. The zeta potential values of five fdations of
continuous addition method F1, F2, F3, F4 and F&feand to be 51.1, 50, 49.8, 43 and 39.8 mV rdspdg. The
zeta potential values of five formulations of imiéftent addition method F1, F2, F3, F4 and F5 veamsd to be
54.1, 53, 52.8, 41, 32.8 mV respectively.
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Measurement Results

Measurement Results

Date
Measurement Type
Sample Name

Temperature of the holder
Viscosity of the dispersion medium

Conductivity
Electrode Voltage

Calculation Results

UNIVERSITY COLLEGE

23 August 2014 09:57:23
Zeta Potential

F3 BSA

24.9 deg. C

0.897 mPa.s

0.087 mS/cm

3.9V

Zeta Potential (Mean)

Electrophoretic Mobility mean

7.0

0.9
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0.7—

0.6—
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O.4—
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0.2—

o.7—

Intensity (a.u.)

Peak No. | Zeta Potential | Electrophoretic Mobility
1 -49.8 mV -0.000385 cm2/Vs
2 — mV -—— cm2/Vs
3 — mV -—— cm2/Vs

-49.8 mV
-0.000385 cm2/Vs
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-7100
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Fig.9: Zeta potential report of F3 formulations of continuous addition method
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: Zeta Potential
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0.894 mPa.s

Viscosity of the dispersion medium
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Fig.10: Zeta potential report of F3 formulations of inter mittent addition method

From the results it was observed that increas®lynper concentration decreased the stability ofgheicles. This
can be explained as increase

in particle size dsesethe stability as the rate of aggregation ase& - *>
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3.1L4FTIR Spectrum
The prepared formulations were characterized fog gholymer interactions using FTIR.

BSA1 —
Mefenamic acidl em—

75—
3 I B ]

-
a 8
PRI AT IO I AR

(=]

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
D VAuUgust-14\23\F3 BSA 1/cm

Fig.11: FTIR spectrum of F3 formulations of continuous addition method

BsAl] ——
Mefenamic acid? —

1000

750 500

4000 3500 3000 2500 2000 1750 1500 1250
D:AVAugust-14\23WF3 BSA Int 1/cm

Fig.12: FTIR spectrum of F3 formulations of inter mittent addition method

In the FTIR spectrum NH-stretching vibration at 828 cnt', NH-bending vibrations at 1647 émC=0 stretching
vibration at 1572 cih, C=C stretching vibration at1570.08 ‘¢amd aromatic O-CHistretching vibration at 1163 ¢m
!indicating the significant peaks of Mefenamic aditius no drug-polymer interactions observed.

EVALUATION PARAMETERS
3.1.5 Product yield
The product yield was estimated for all the pregdoemulations.

The product yield of five formulations of continuwaddition method F1, F2, F3, F4 and F5 was foarukt90.3%,
98.84%, 93.3%, 98.7% and 93.3% respectively. Oualbfive formulations the F2 formulation showedyhér
product yield. The product yield of prepared fieerfiulations of intermittent addition method F1, F3, F4 and F5
was found to be 92.8%, 91.83%, 94%, 86.98% and%8&6spectively. Out of all five formulations the F5
formulation showed higher product yield.
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Fig.13: comparison of product yield among the five for mulations of continuous addition method
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Fig.14: comparison of product yield among the five for mulations of inter mittent addition method

3.1.6 Drug content

The prepared formulations were evaluated for damgent.
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Fig.15: comparison of % drug content among the five for mulations of continuous addition method
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F1(1:1) F2(1:1.5) F3(1:2) F4 (1.5:1) F5(2:1)
formulations

Fig.16: comparison of drug content among the five formulations of inter mittent addition method

The drug content of five formulations of continu@ddition methods F1, F2, F3, F4 and F5 was foartzkt90.6%,
90.74%, 96.3%, 76.79% & 81.2% respectively. From isults the F3 formulation showed higher drugtexon
The drug content of all the five formulations oférmittent addition method F1, F2, F3, F4 and FS feaind to be
91.3%, 91.08%, 95.86%, 86.6% and 80.2%. From tkeltse the higher % drug content was observed for F3
formulation.

3.1.7 Encapsulation efficiency
The prepared formulations were evaluated for dnigagpment efficiency.

100
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F1 (1:1) F2 (1:1.5) F3 (1:2) F4 (1.5:1) F5 (2:1)
formulations

Fig.17: comparison of drug entrapment efficiency among the five formulations of continuous addition method

Efficienc 'y 95.05
87.6 90.6 89.59

F1(1:1) F2(1:1.5) F3 (1:2) F4(1.5:1) FS (2:1)
formulations

Fig.18: comparison of drug entrapment efficiency of the five formulations ofinter mittent addition method
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For all the five formulations F1, F2, F3, F4 and g¥&pared by continuous addition method, the dntgapment
efficiency was found to be 86.13%, 94.41%, 93.18%,/% and 85.37% respectively. From the resultsRhe
formulation was showing higher percentage of dmigagment efficiency. Among all the five formulai®F1, F2,
F3, F4 & F5 prepared by intermittent addition meththe drug entrapment efficiency was found to Be&6%,
95.29%, 95.05%, 90.6% and 89.59% respectively. éfigtirug entrapment efficiency was observed for F2
formulation.

With increase in polymer concentration the perogmtaf drug entrapment efficiency was found to berdased.
This can be related to the availability of higheraaint of polymer for entrapméfit

3.1.8 Drug loading capacity
The nanoparticles prepared were evaluated for idagjng capacity.
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Fig.19: comparison of drug loading capacity among the five formulations of continuous addition method
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Fig.20: comparison of drug loading capacity of the five formulations of inter mittent addition method

For all the five formulations F1, F2, F3, F4 and pfepared by continuous addition method, the doaglihg

capacity was found to be 43.24%, 38.52%, 32.04%3686 and 49.52% respectively. From the resultsRhe
formulation showed higher drug loading capacity.Amall the five formulations F1, F2, F3, F4 and gfBpared
by intermittent addition method, the drug loadirapacity was found to be 43.12%, 38.88%, 32.3%,88.4nd

48.56% respectively. Higher drug loading capaciaswbserved for F4 formulation.

From the results it was found that the drug loadiagacity was observed to have a direct lineatiogiship with
the drug concentration. It can be said that tharatibn capacity of the polymer with respect to sleéected drug
occurred at a relatively lower concentration and fester raf&*'.
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3.1.9 Comparison of In vitro drug release data of five formulations of Continuous addition method.
All the formulations were evaluated fv-vitro drug release study conducted for a time peric2ddirs.

100D 100

20 s0
s0
To
% Drug %eDrug s
relezce remaine SO
d ao
30
20
1o
] o .
20 20
100 - 35 4
0
3 4
S0 4
70 4 x5
o 4 Log®s 2 4 ——F1 (11}
[-¥
o?mg so o Drug —ie=F 2 (115}
reiease “
a0 4 release 15 4 wglie=—=F 3 (1:2)
20 1 4 e F 3 (1571}
—3f=FS (2:1}
) os
10
o o : - .
o a 2 3
o s LogT

Fig.21: comparison of drug release plots (zero order plot, first order plot, higuchi plot & peppas plot) among the five for mulations of
continuous addition method
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Fig.22: comparison of drug release plots (zero order plot, first order plot, higuchi plot & peppas plot) among the five for mulations of
inter mittent addition method
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From the results it was observed that F1 and Fhdtations showed 98.38% and 89.02% of drug reledien12
hrs time period respectively. For F2 and F5 formiafes 94.95% and 92.17% of drug release was obdemithin
14 hrs respectively and F3 formulation showed 8% &8ug release within 16 hrs.

From the data it was observed that F1 and F4 fatiouls showed 98% and 89.11% of drug release withihrs
respectively. From F2 formulation 99.96% of drutpase was observed within 16hrs. From F3 formuta®®.20%
of drug release was observed within a time perfabdb hrs. F5 formulation showed 80.23% of drugase within
12hrs.

From the In-vitro drug release study it was foumcttpolymer concentration has an effect on forntat
degradation and drug release rate. With increaspoigmer concentration the sustain release pradilethe

formulation was found to be increased for all thepared formulations. This is because increaspolgmer

concentration decreases the diffusivity of solvimbugh the formulation resulting in decreased clgase rate.
The slow diffusion of surrounding medium into tleerfiulation by means of water filled pores resuitsdégradation
of polymer.

Table 3: parameters determined from the In vitro drug release plots

Formulations zero order plot First order plot Higuchi plot Peppas plot
Drug:pol r _(&2) (&2) (&2) n)

F1(1:1) 0.5920 0.8260 0.9130 0.1770

F2 (1:1.5) 0.9870 0.9820 0.9520 0.8100
F3(1:2) 0.9820 0.9860 0.9770 0.7200

F4 (1.5:1) 0.9550 0.9680 0.9310 0.4400
F5(2:1) 0.9690 0.9620 0.8970 0.9910

Table 4: parameter s determined from the In vitro drug release plots (intermittent addition method)

Formulations zero order plot First order plot Higuchi plot Peppas plot
(Drug:polymer) (R [1:9) (RY m)

F1{1:1) 0.9740 0.9830 0.9370 0.513

F2 (1:1.5) 0.9800 0.9740 0.9850 0.723
F3(1:2) 0.9860 0.9320 0.9400 0.930

F4 (1.5:1) 0.9910 0.9390 0.9380 0.981
F5(2:1) 0.9840 0.9530 0.9370 0.941

Several plots (Zero order plot, first order ploigucthi plot and peppas plots) were drawn in oradekrnow the
release kinetics and drug release mechanism. Hnemesults it was found that the F3 formulatiorcoftinuous
addition method was following first order drug r&de kinetics and fitted into korsemeyerpeppas equatvealing
non fickian diffusion mechanism. The F3 formulatiohintermittent addition method was following zeooder
kinetics and fitted into korsemeyerpeppas equateraling non fickian diffusion mechanism.

3.2 Comparative study between the best formulations of Continuous addition method and intermittent
addition method.

Mefenamic acid loaded Bovine serum albumin nanagest were prepared by continuous addition methodl a
intermittent addition method. The obtained nanamigiations were studied for characterization parensetike
particle size, zeta potential, surface morphologd drug-polymer interactions and evaluated for dcogtent,
entrapment efficiency, loading capacity.

After evaluating the parameters the F3 formulatibonontinuous addition method was found be the fogstulation
because of the mean particle diameter of 211.6mta potential value of -49.8mV and higher drug aminent
efficiency of 93.13%. The F3 formulation of intettent addition method was found to be the best ftation
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because of the mean particle diameter of 208.7mt&a potential value of-52.8mV and higher drug qurtrant
efficiency of 95.05%.

A comparative study was conducted between the F8uiations of continuous addition method and infgemt
addition method. All the characterization and eattn parameters were compared in order to knowbtteer
method for the fabrication of Mefenamic acid nantipkes.

3.2.1 Particle Size Distribution
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Fig.23: Comparison of mean particle diameter of F3 formulations of continuous addition method and inter mittent addition method
The mean particle diameter of the F3 formulatioappred by continuous addition method and interntieldition

method was found to be 211.6nm and 208.7nm respéctiOn comparison smaller mean particle diametas
observed for the F3 formulation of intermittent gideh method.

3.2.2 Zeta potential
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Fig.24: Comparison of zeta potential value of the F3 for mulations of continuous addition method and inter mittent addition method

The zeta potential value of the F3 formulationsppred by continuous addition method and interntiteefdition
method was found to be -49.8mV and -52.8mV respelgti On comparison the F3 formulation of interemitt
addition method showed better stability.

3.2.3 Product yield

The product yield of the F3 formulations by conting addition method and intermittent addition mdttas found
to be 93.3% and 94%. On comparison the F3 fornarabf intermittent addition method revealed befiryduct
yield.
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Fig.25: Comparison of product yield of the F3 formulations of continuous addition method and inter mittent addition method

3.2.4 Drug content
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Fig.26: Comparison of drug content of the F3 formulations of continuous addition method and inter mittent addition method

The drug content of the F3 formulations by contimiaddition method and intermittent addition methad found
to be 96.3% and 95.86% respectively. On compariber3 formulation of intermittent addition methskdowed
better % drug content.

3.2.5 Encapsulation efficiency
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Fig.27: Comparison of drug entrapment efficiency of the F3 formulations of continuous addition method and inter mittent addition
method

The drug entrapment efficiency of the F3 formulasidoy continuous addition method and intermittesdition
method was found to be 93.12% and 95.05% respécti@n comparison the F3 formulation of intermitten
addition method revealed better drug entrapmeitieficy.
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3.2.6 Drug loading capacity
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Fig.28: Comparison of drug loading capacity of the F3 for mulations of continuous addition method and inter mittent addition method

The drug loading capacity of the F3 formulationsdoytinuous addition method and intermittent additmethod
was found to be 32.04% and 32.3% respectively. @nparison the F3 formulation of intermittent adulitimethod
was found to have better drug loading capacity.

CONCLUSION

Mefenamic acid nanoparticles were prepared by gasoh technique. In this technique a natural paysuch as
Bovine Serum Albumin was selected for the studyoTmethods were opted for the addition of desolgatigent,
namely continuous addition method and intermittacidition method. In continuous addition method the
desolvating agent was added at a rate of 1ml par miintermittent addition method the desolvatagent was
added at a rate of 1ml for every 5 mins time irdérWhe process parameters including pH, stirripgesl and
stirring time were optimized. For each method fif@mulations were prepared by varying drug-polymer
concentration.

The obtained nano formulations were studied forrattarization parameters like particle size, zedéemtial,
surface morphology and drug-polymer interactiond emaluated for drug content, entrapment efficiehogding
capacity, invitro drug release.

From the results it was concluded that increas@alymer concentration resulted in increase in mparticle
diameter, zeta potential value and drug entrapraffiiency and increase in drug concentration kedncreased
drug loading capacity. A best formulation was selddrom each method and compared for all the peiens.

On comparison the intermittent addition method we@scluded as the best method for the preparationedénamic
acid nanoparticles over continuous addition methedause of its small particle size (208.7nm), 8tgbjzeta
potential value of -52.8mV), higher drug entrapmefficiency (95.05%) and sustain drug release fardtis can
be explained by the fact that intermittent additraethod gives more time for desolvation procesfoto more
stable particles.
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