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FORMULATION AND CHARACTERIZATION OF CONTROLLED RELEASE BIOADHESIVE
NANOPARTICLES ENCAPSULATED WITH NEOSTIGMINE BROMIDE

Venkatesh Gavini*, Srinivasa Rao Konijeti and T. Siva Nagaraju
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ABSTRACT: In the recent days targeted drug delivery has gained more prominence
for various advantages like site specific delivery and controlled release from the
formulations. Amongst the plethora of avenues explored for targeted drug delivery,
bioadhesive nanoparticles backed foremost attention offering local drug delivery and
controlled drug release solving problems like tissue damage and drug wastage.
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Formulating nanoparticles with mucoadhesive polymers may provide a significant
increase in the gastrointestinal residence time. Neostigmine bromide is a
cholinesterase inhibitor used for the treatment of Myasthenia Gravis and is given by
conventional routes like oral and intra venous. Bioadhesive nanoparticles of
Neostigmine Bromide using synthetic and semi synthetic polymers like Carbopol,
HPMC and ethyl cellulose were prepared by emulsification solvent evaporation
method. The nanoparticles were characterized for their preformulation and post
formulation parameters like compatibility, particle size, zeta potential, encapsulation
efficiency, surface morphology, in vitro mucoadhesion, in vivo bioavailability, drug
release and stability studies. Out of six, formulations F; and F, showed the best
results for different evaluated parameters of nanoparticles. Entrapment efficiency
was found to be within the range of 66.37% and 94.82%. Percentage mucoadhesion
was within the range of 71.38% and 99.41%. In vitro dissolution was carried out for
10 hours and the percentage drug release for all the formulations were in the range of
98.93% and 89.71%. In vitro studies conclude that carbopol based nanoparticles are
better than HPMC based nanoparticles for the delivery of Neostigmine Bromide. In
vivo studies showed that the formulations F; and F, showed promising
bioavailability compared to orally administered tablet.

INTRODUCTION: Oral route is considered as the  Bioadhesive drug delivery systems are the systems
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most preferred and convenient method of drug
administration  because of its ease of
administration. However, its use has become
limited because of its disadvantages like less
residence time in the GIT and first pass hepatic
metabolism. Therefore it led to a research on other
possibilities of enhancing the residence time of the
dosage form in GIT.
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which utilize the property of mucoadhesion of
certain polymers, which become adhesive on
hydration and hence can be used for targeting a
drug to a particular region of the body for extended
period of time.

Nanoparticles are defined as particulate dispersions
of solid particles with a size range of 10-1000 nm.
Nanoparticulate dosage forms made from the
naturally occurring biodegradable polymers have
attracted considerable attention for several years in
sustained drug delivery. However, the success of
these nanoparticles is limited due to the short
residence time at the site of absorption. It would
therefore advantageous to have means for
providing an intimate contact of the drug delivery
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system with the absorbing membranes. This can be
achieved by coupling bioadhesion characteristics to
nanoparticles and  developing  bioadhesive
nanoparticulate carriers.? 2

Neostigmine Bromide is a Cholinesterase inhibitor
used in the treatment of Myasthenia Gravis. The
extent of drug absorption through oral route is only
1-2% of the administered dose because of its less
residence time in the stomach. Hence there is need
of novel bioadhesive drug delivery system for the
treatment of Myasthenia Gravis.* °

To overcome inherent drawbacks associated with
conventional dosage forms of Neostigmine
Bromide, an attempt is being made to develop an
alternative drug delivery system in the form of
bioadhesive nanoparticles.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Methodology:

Formulation of Nanoparticles: Emulsification-
Solvent Evaporation Method: Required amount
of ethyl cellulose and mucoadhesive polymer is
dissolved in 20 ml of ethanol for carbopol
nanoparticles or a mixture of ethanol and
dichloromethane (1:1) for HPMC nanoparticles
using magnetic stirrer. Weighed amount of
Neostigmine Bromide was added to the polymeric
solution under magnetic stirring. Then the
suspension was quickly injected into 120 ml of
light liquid paraffin containing 2.5% (v /v) of Span
80, while stirring at a speed of 10000 rpm for 1 min
to form a w/o emulsion. Stirring speed was then
lowered and continued for 2h at room temperature
until nanoparticles were formed. The residue was
washed 2-3 times with 50 ml portions of n-hexane.
The product was then dried for 24h at room
temperature.® ’

TABLE 1: FORMULATION DESIGN OF BIOADHESIVE NANOPARTICLES OF NEOSTIGMINE BROMIDE

Ingredients F, F, F; F, Fs Fs
Neostigmine Bromide (mg) 100 100 100 100 100 100
Ethyl cellulose (mg) 600 675 750 600 675 750
Carbopol (mg) 300 225 150 - -
HPMC (mg) - - - 300 225 150

Mg- Milligrams; Fy, F,, Fs, F4,Fs,Fs — Formulations 1, 2, 3, 4,5, 6

Characterization of Nanoparticles: ®

1. Particle Size: °

The particle size of the prepared nanoparticles was
determined by the method of dynamic light
scattering, using a Malvern system. It is done at a
temperature of 25.0 £ 0.1° C with a measuring
angle of 90° to the incident beam.

2. Percentage Yield: 1%

The weight of the prepared nanoparticles was
divided by total amount of all non-volatile
components which were used for the preparation.
Percentage vyield can be calculated using the
formula

% Yield = [Practical Yield / Theoretical Yield] x 100

3. Zeta Potential: '3

The zeta-potential of bioadhesive nanoparticles was
determined by laser doppler anemometry using a
Malvern Zetasizer. All the measurements were
performed at 25 + 0.10° C.

4. Scanning Electron Microscopy: 1 *°
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Surface morphology of Nanoparticles was studied
using scanning electron microscopy (SEM). The
Nanoparticles were mounted on gold coated metal
stubs and the photographs were taken by Jeol
scanning electron microscope (JEOL-JSM-AS430,
Japan).

5. Encapsulation Efficiency and Drug loading:
1618 The amount of drug encapsulated can be
determined by dissolving a known amount of
nanoparticles (50 mg) in 50 ml of ethanol and
dichloromethane  for  extracting the drug
completely. Then the solution was filtered and 1 ml
of this solution was diluted to 50 ml with pH 6.4
phosphate buffer solution. This solution was
assayed for drug content by UV spectrophotometer
at 261 nm.

Enlgapsulation Efficiency (EE) was calculated
as:

EE (%) = [Actual Drug Content / Theoretical Drug Content]
X 100
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Drug Loading (DL) was calculated as: 2°

DL (%) = [Actual Drug Content / Weight of Nanoparticles] X
100

6. In vitro Mucoadhesion Studies: *

A small portion of the sheep intestinal mucosa was
mounted on a glass slide which is placed at an
angle of 45° Then weighed amount of
nanoparticles were sprinkled onto the mucosa and
kept for 15 min. Then Phosphate buffer solution pH
6.4 is allowed to flow over the nanoparticles. All
the washings were collected at different time
intervals and the weight of washed out
nanoparticles  was  determined.  Percentage
mucoadhesion was then calculated by using the
formula:

% Mucoadhesion = (W,-W,) X 100 / W,

Where, W, = weight of nanoparticles applied; W, =
weight of nanoparticles leached out.

7. In vitro Dissolution Study: %23

Nanoparticles equivalent to 100 mg of Neostigmine
Bromide was placed in a cellulose dialysis bag
sealed at both ends. The dialysis bag was dipped
into the receptor compartment containing the
dissolution ~ medium, which  was stirred
continuously at 100 rpm maintained at 37°C. 2 ml
sample was withdrawn at appropriate time intervals
and absorbance of the resulting solution was
measured at 261 nm in a double-beam UV
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spectrophotometer using the dissolution medium as
blank.

8. In vivo Bioavailability Studies: **

In vivo bioavailability studies were carried out on
six healthy rabbits which were divided into three
groups. All the groups were fasted for 24 hours.
Then appropriate amount of dose was calculated
and one batch was fed with the oral conventional
preparation of tablet while one batch with F; and
the other with F4. Blood samples were collected
from marginal ear vein at regular intervals of time
after the drug administration. Finally blood samples
were centrifuged for 15 min and the obtained
plasma is stored at -20 °C for further analysis using
HPLC chromatography.

9. Stability Studies:

Out of six formulations, F; and F, were evaluated
for stability studies. These two formulations were
divided into 2 sets and stored at 4 + 1°C; 25+ 2°C
and 60 + 5% RH; 37+ 2°C and 65 + 5% RH. After
30 days, the drug release of the above formulations
was determined by in vitro drug release method
explained in the earlier parts

RESULTS AND DISCUSSION:

IR Studies: The physical mixtures of the polymers
and drug showed identical spectrum with respect to
the spectrum of the pure drug, indicating there is no
chemical interaction between the drug molecule
and polymers used. (Fig. 1-6)
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FIG. 1: FTIR SPECTRUM OF PURE NEOSTIGMINE BROMIDE
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FIG 6: FTIR SPECTRUM OF PHYSICAL MIXTURE OF NEOSTIGMINE + EC + CARBOPOL

Particle Size: With decrease in the mucoadhesive

Efficiency of nanoparticles

containing  drug-

polymer concentration, the particle size of the
nanoparticles decreased significantly and was in the
range of 362.12 nm to 489.03 nm.

Percent Encapsulation Efficiency & Percent
Drug Loading: Drug loading and Encapsulation

polymer in various ratios were found to be within
the range of 13.26 to 18.96% and 66.37 to 94.82%
which decreased with increase in the amount of
film forming polymer. (Table 2 & Fig. 7)

TABLE 2: PARTICLE SIZE, ZETA POTENTIAL, PERCENT ENCAPSULATION AND PERCENT DRUG LOADING

Formulation Particle Size (nm) Zeta Potential (mV) % Drug Loading % Encapsulation
Fy 489.03 -29.96 18.96 94.82
F, 426.91 -27.58 16.14 80.47
Fs 404.84 -23.21 14.68 73.48
F4 391.18 -27.04 16.72 80.36
Fs 386.83 -24.99 15.09 75.41
Fe 362.12 -20.86 13.26 66.37

nm - Nanometers; mV - Millivolts; % - Percentage
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FIG.7: % DRUG LOADING, % ENCAPSULATION EFFICIENCY AND % MUCOADHESION

Percent Mucoadhesion:

Percentage mucoadhesion of the formulations were
found to be within the range of 71.38% and 99.41%
(Fig.7). Carbopol nanoparticles showed high
percentage of mucoadhesion when compared with
HPMC nanoparticles.

Scanning Electron Microscopy:

Scanning electron microscopic pictures indicated
that the nanoparticles were spherical with a smooth
surface (Fig. 8).
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In vitro release studies: The in vitro release
studies of nanoparticles were carried out for a
period of 10 hours in phosphate buffer of pH 7.4 as
a dissolution medium. The percentage drug release
for F1, Fp, F3, F4, F5 and Fg were found to be
98.93%, 95.69%, 92.34%, 94.81%, 93.12% and
89.71% at the end of 10" hour (Table 3 & Fig 9).

E-ISSN: 0975-8232; P-ISSN: 2320-5148

It was clear from the dissolution data that as the
concentration of mucoadhesive polymer increased,
the drug release also increased proportionally. The
greater release of drug from carbopol nanoparticles
than HPMC nanoparticles can be attributed to their
higher degree of swelling which facilitates water
penetration into the nanoparticles.

TABLE 3: PERCENTAGE DRUG RELEASE OF NANOPARTICLES IN PHOSPHATE BUFFER OF pH 6.4

Percentage Cumulative Drug Release

Time (hrs) F 5 F. F Fe

0 0 0 0 0 0
1 26.71 23.85 21.94 23.19 21.54 20.65
2 34.49 31.56 28.35 30.06 28.32 26.47
3 40.57 37.81 37.46 36.28 34.27 33.81
4 48.89 44.76 43.68 42.19 40.41 38.42
S 57.24 54.28 51.83 51.36 49.32 46.89
6 68.18 62.49 61.91 60.69 57.43 54.35
7 77.29 74.51 70.27 72.87 70.41 64.91
8 86.37 83.68 79.61 81.54 79.56 74.12
9 91.42 89.72 86.09 87.27 85.81 79.88
10 98.93 95.69 92.34 94.81 93.12 89.71
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FIG. 9: PERCENTAGE DRUG RELEASE OF NANOPARTICLES IN PHOSPHATE BUFFER OF PH 6.4

In vivo Bioavailability Studies:

HPLC chromatogram showed the presence of drug
in the collected plasma at regular intervals (Fig. 10
and 11). The plasma concentration of the drug at
each sampling interval for tablet and both
bioadhesive nanoparticles showed characteristic
differences in their pharmacokinetic parameters.
The Cnax Was found to be 58.98 ng/ml, 97.43 ng/ml
and 93.09 ng/ml for tablet and bioadhesive
nanoparticles (F; & Fj) at corresponding Tpyax Of
1.5, 2 and 2 hours respectively. After reaching

International Journal of Pharmaceutical Sciences and Research

Cmax, the nanoparticulate formulations showed a
better controlled release formulation up to 8 hours
(Table 4, 5 and Fig. 12).

The relative bioavailability of the formulations F;
and F4 increased when compared to tablet
formulation. Therefore, oral bioavailability of
Neostigmine Bromide was profoundly increased by
formulating the drug in the form of bioadhesive
nanoparticles.
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TABLE 4: PLASMA CONCENTRATION OF NEOSTIGMINE BROMIDE (ng/ml) AT EACH SAMPLING INTERVAL
Time of collection of Plasma (hrs)

Formulation

0.5 1 1.5 2 3 4 5 6 7 8

Tablet 12.41 36.21 58.98 50.24 9.02 3.51 > = = =
Fy 16.98  46.13 73.63 97.43 85.43 66.19 47.03 29.38 17.90 7.98
F4 14.46 32.88 67.64 93.09 79.12 62.16 49.21 29.39 16.81 5.29

TABLE 5: PHARMACOKINETIC PARAMETERS OF ORAL TABLET AND BIOADHESIVE NANOPARTICLES
Pharmacokinetic Parameters

Formulation Ty (1) Coae (ng/mi) AUC (ng.h/ml) Ke (W) t ()
Tablet 1.5 58.98 98.17 1.331 0.52

Fy 2 97.43 498.64 0.462 15
Fy4 2 93.09 442 .93 0.511 1.356

Tmax- Time of Maximum Absorption; C,..- Maximum Concentration; K- Elimination Constant; t,,- Half life; AUC- Area under curve; hrs -
hours
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FIG .10: HPLC CHROMATOGRAM OF DRUG FREE PLASMA
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FIG. 11: HPLC CHROMATOGRAM OF PLASMA WITH NEOSTIGMINE BROMIDE
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Stability Studies:
Stability studies revealed that both the formulations
released almost 100 percent of the drug within 8
hours of study. Formulations stored at 4+1°C
showed better results when compared to

formulations stored at 25+2°C & 60+5% RH and
37+2°C 65+ 5% RH (Table 6). By comparing
previous In vitro data it can be inferred that
formulations can be stored at 4+1°C.

TABLE 6: STABILITY STUDIES OF FORMULATIONS (F;, F,)) AFTER 30 DAYS OF STORAGE
Percentage Cumulative Drug Release upto 8™ hour

Formulation

4°C +1°C 25+2°C & 60+5% RH 37+2°C & 65+5% RH
F 90.24 94.83 97.87
F. 88.27 93.56 95.32

F.-Formulation 1, F,-Formulation 4, RH- Relative Humidity, °C- Degrees Centigrade

CONCLUSION: By studying all the experimental
results bioadhesive nanoparticles encapsulated with
Neostigmine bromide can be successfully
formulated by Emulsification solvent evaporation
method. All the formulations showed optimum
results of which formulation containing higher
concentration of carbopol showed the best results
in all the evaluated parameters. Thus F; can be
concluded as the ideal batch of formulation. From
the In vivo bioavailability studies, the relative
bioavailability of Neostigmine Bromide was found
to be greater than that of conventional dosage form
of tablets. From these results it can be inferred that
the oral bioavailability of Neostigmine Bromide
was significantly increased by formulating it in the
form of bioadhesive nanoparticles. Finally it can be
concluded that the formulated Neostigmine
bromide nanoparticles can be considered as the
potential candidate for the symptomatic treatment
of Myasthenia Gravis through gastrointestinal
route.

REFERENCES:

1.

o

International Journal of Pharmaceutical Sciences and Research

Mathias NR, Hussain MA. Non-invasive systemic drug
delivery: developability considerations for alternate routes
of administration. J Pharm Sci 2010; 99(1): 1-20.

Benita S: Microencapsulation methods and industrial
applications, New York, Marcel Dekker, 1996, 35-71.

Lee WT, Robinson JR. Controlled release drug delivery
systems. Gennaro AR, (Ed.). Ramington: The science and
practice of pharmacy, 21" ed, Vol. I, Philadelphia,
Lippincott Williams and Wilkins, 2003, 953-62.

Tripathi KD. Essentials of medical pharmacology, 5th ed,
New Delhi, Jaypee Brothers Medical Publishers (P) Ltd,
2003.

http://mwww.rxlist.com/prostigmin-drug.htm.

Zambaux M, Bonneaux F, Gref R, Maincent P, Dellacherie
E, Alonso M, Labrude P, Vigneron C. Influence of
experimental parameters on the characteristics of
poly(lactic acid) nanoparticles prepared by double
emulsion method. J. Control. Release 1998; 50: 31-40.
Hoa LTM, Chi NT, Triet NM, Nhan LNT, and Chien DM.
Preparation of drug nanoparticles by emulsion evaporation
method. J Phy Conf Ser 2009; 187:1-4.

Thangaraja A, Savitha V, and Jegatheesan K. Preparation
and characterization of polyethylene glycol coated silica
nanoparticles for drug delivery application. International
Journal of Nanotechnology and Applications 2010; 4(1):
31-38.

3509


http://www.rxlist.com/prostigmin-drug.htm

Gavini et al., IJPSR, 2015; Vol. 6(8): 3501-3510.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Jana SK, Chakravarty B, Chaudhury K. Letrozole and
Curcumin Loaded-PLGA Nanoparticles: A Therapeutic
Strategy for Endometriosis. J Nanomedine Biotherapeutic
Discov 2014; 4: 123.

Battaglia L, Gallarate M, Cavalli R, Trotta M. Solid Lipid
nanoparticles produced through coacervation method. J
Micoencapsl 2010; 27(1): 78-75.

Swathi A, Guhagarkar, Vinod C. Malshe, Padma V.
Devarajan. Nanoparticles of Polethylene Sebacate: A New
biodegradable polymer. AAPS PharmSciTech 2009; 10(3):
935-942.

Venkatesh Gavini, M. Srinivasa Murthy, Kiran kumar. P.
Formulation and In vitro Evaluation of Nanoparticulate
Drug Delivery System loaded with 5-Fluorouracil.
Research Journal of Pharmaceutical Dosage Form and
Technology 2014; 6(4): 243-248.

llaiyaraja Nallamuthul, Ambica Parthasarathi, Farhath
Khanum. Thymoquinone-loaded PLGA nanoparticles:
antioxidant and anti-microbial properties. International
Current Pharmaceutical Journal 2013; 2(12): 202-207
Preetha Devaraj, Prachi Kumari, Chirom Aarthi and Arun
Renganathan. Synthesis and characterization of silver
nanoparticles using cannonball leaves and their cytotoxic
activity against MCF-7 cell line. J. Nanotechnol 2013: 1-5.
M. Vanaja, S. Rajeshkumar, K. Paulkumar, G.
Gnanajobitha, C. Malarkodi and G. Annadurai.
Phytosynthesis and characterization of silver nanoparticles
using stem extract of Coleus aromaticus. International
Journal of Materials and Biomaterials Applications 2013;
3(1): 1-4.

Sushma Sharma, Uma Sharma. Synthesis, Characterization
and Determination of Encapsulation Efficiency of
Chitosan Nanoparticles for Terbinafine. Indo American
Journal of Pharmaceutical Research 2013; 3(12): 1564-
1567.

Panyam J, Williams D, Dash A, Leslie-Pelecky D,

18.

19.

20.

21.

22.

23.

24,

25.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Labhasetwar V. Solid-state  solubility  influences
encapsulation and release of hydrophobic drugs from
PLGA/PLA nanoparticles. J Pharm Sci 2004; 93: 1804-14.
Dutta AK, Ikiki E. Novel Drug Delivery Systems to
Improve Bioavailability of Curcumin. J Bioequiv Availab
2013; 6(1): 001-009.

Englert B.C. Nanomaterials & the environment: uses,
methods & measurement. J. of Environ. Monit 2007; 9:
1154-1161.

Kumar PV and Jain NK. Suppression of agglomeration of
Ciprofloxacin-loaded human serum albumin nanoparticles.
AAPS PharmSciTech, 2007; 8(1): E1-E6.

Venkatesh Gavini, Ganesh N.S, Hanumanthachar Joshi, C.
Jayanthi. Formulation & Evaluation of Mucoadhesive
microspheres of macromolecular polymers using
Flurbiprofen as model drug. Der Pharmacia Lettre 2012;
4(5): 1560-1566.

Chen Y, McCulloch, RK, Gray BN. Synthesis of albumin-
dextran sulfate microspheres possessing favourable
loading and release characteristics for the anti-cancer drug
doxorubicin. J Control Release 1994; 31: 49-54.
Venkatesh Gavini, M. Srinivasa Murthy, Srinivasa Rao
Konijeti and Kiran Kumar. Formulation and Invitro
Evaluation of Buoyant Drug Delivery system of Glipizide
using Acrylic polymer. Journal of Drug Delivery and
Therapeutics 2014; 4(6): 107-113.

Saikat Ghosh and Tanushree Roy. Nanoparticulate drug-
delivery systems: lymphatic uptake and its gastrointestinal
applications. J App Pharm Sci 2014; 4 (6): 123-130.
Venkatesh Gavini, M. Srinivasa Murthy, Kiran Kumar P
and D. L. Radhika. Formulation and Invitro Evaluation of
Mucoadhesive Microspheres loaded with Stavudine using
Hydrophilic Macromolecular Polymers. Research Journal
of Pharmaceutical Dosage Form and Technology 2014;
6(2): 99-104.

How to cite this article:
Gavini V, Konijeti SR and Nagaraju TS: Formulation and Characterization of Controlled Release Bioadhesive Nanoparticles Encapsulated
With Neostigmine Bromide. Int J Pharm Sci Res 2015; 6(8): 3501-10.doi: 10.13040/1JPSR.0975-8232.6(8).3501-10.

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

3510




