y

<= Valley International Journals

VIJ Open Access lournal

International Journal Of Medical Science And Clinical Inventions
Volume 2 issue 12 2015 page no. 1456-1461 e-1SSN: 2348-991X p-1SSN: 2454-9576
Available Online At: http://valleyinternational.net/index.php/our-jou/ijmsci

PLGA Based Nanoencapsulation For Controlled Release Of

Doxorubicin For Cancer Therapy

P. Sasikumar®, P.M. Ayyasamy”
1* Research Scholar, Department of Microbiology, Research and Development Centre, Bharathiar
University, Coimbatore, Tamil Nadu, India
Email- sasibiology@gmail.com,
1*corresponding author
2 Assistant Professor, Department of Microbiology, Periyar University, Salem, Tamil Nadu, India

Abstract: Nanoparticle based drug delivery has been evolved to enhance the drug efficacy in recent times. Nanoparticles are
used for drug delivery should be less toxic for normal cells and more effective drug delivery for tumor cells. In this study, the
doxorubicin is encapsulated with Poly Lactic and Glycolic acid (PLGA) by desolvation technique. The doxorubicin loaded
PLGA nanoparticles are prepared by desolvation technique. Ethyl alcohol was added intermittently into PLGA solution.
Following the desolvation of the doxorubicin, the resulting nanoparticles were stabilized by the addition of glutaraldehyde.
The morphology and characterization of nanoparticles were done by using Scanning Electron Microscopy (SEM), Fourier
Transform Infrared Spectroscopy (FTIR). The drug release study was carried by in vitro setup. It was noted that 82% of
drug has been released at the end of 72 hours. In addition, animal cell line study was done for anti-cancer efficiency. PLGA
polymeric particles loaded with doxorubicin act as a promising vehicle for targeting tumor cells by killing them at drug

concentration of as low as 50ug/ml.
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. INTRODUCTION

One of the most challenging breakthroughs in drug
delivery and therapeutics is the nanomedicine. As
nanoparticles (NPs) possess the particle size in the range of
1-100 nm it can easily interact with body tissues and hence
it finds applications in chemotherapy and analytics.

Polymeric nanoparticles are well engineered and
efficient systems for drug release studies as these possess
the property of biodegradability, biocompatibility and also
biostable. Due to these properties, they can overcome
various barriers and target the cancer cells without any harm
to normal cells and tissues. Based on the mode of
preparation, nanoparticles are broadly classified as ionic,
non-ionic and based on method of preparation; nanoparticles
are classified into nanospheres and nanocapsules. In
nanospheres, the drug may be absorbed at the spherical
surface and in nanocapsules; the drug is loaded in situ into
polymeric particles. Poly Lactic and Glycolic acid (PLGA)
is a synthetic polymer used to prepare nanoparticles for
chemotherapy because of its biocompatibility and non-
toxicity. Desolvation is preferred to prepare nanoparticles by
dissolving doxorubicin completely in PLGA followed by
purification. After this, the drug is entrapped by the
polymeric surface.

In this study, PLGA is a preferred polymer as it is a
type of copolymer and it shows a promising property of
drug delivery to the target. It can also act as an antioxidant
to protect the drug from free radicals and other chemicals

agents. PLGA also finds applications in tumor detection and
delivery of drug to cancer tissues. Doxorubicin is the
selective anticancer drug for this delivery as doxorubicin is
hydrophilic in nature. Doxorubicin is derived from bacterial
species by chemical synthesis and is widely used for
chemotherapy to cure cancers (breast, prostate) and various
carcinomas. It is first investigated in mice to target HIV-1.
Doxorubicin can lower WBC count if the dosage level is
high; if it leaks out from vein it will damage tissues causing
ulceration. So it should be carefully loaded into the polymer
particles to target cancer cells. The PLGA-doxorubicin
when spots the target, it binds with cancerous tissues and
slowly releases the drug to the tissues in a controlled
manner, where PLGA acts as a carrier vehicle or the
delivery of drug.

Il. MATERIALS

All chemicals and reagents used were of analytical
grade and used without further purification. Lactic acid,
Glycolic acid, ethyl alcohol (98 %) and glutaraldehyde were
supplied by LOBA Chemicals, India. All aqueous solutions
were prepared by double distilled water.

I11. METHODS
I.  PREPARATION OF NANOPARTICLES

PLGA-DOX NPs were prepared by the desolvation
method. 100 mg PLGA powder was dissolved in 5.0 ml of
10 mM Nacl solution and Maintained the pH 7.0 with 0.1 N
NaoH. 1.0 ml of doxorubicin drug was added to 4.0 ml of
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ethyl alcohol that ethanolic drug was continuously added
drop wise to the PLGA samples under stirred (300 rpm) at
room temperature, till the solution turbid. And these samples
were transformed to NPs. The turbid solution was stirred at
continuously 40 minutes for stabilize nanoparticles without
adding of ethyl alcohol. After that, 150ul of 25%
glutaraldehyde was added for cross linking purpose to
generate nanoparticles.

Il. PURIFICATION

The generated NPs were purified by 3 to 4 cycles of
centrifugation (8000 rpm, 30 minutes). The pellet was
redispersed by 10 mM Nacl (pH 7.0). Each redispersion step
was performed shaker.

IV. CHARACTERIZATION
I1l. SEM (SCANNING ELECTRON MICROSCOPE)

SEM was performed using ZEISS SEM. PLGA is
nonconductive. Signals are generated when the electron
beam hits the sample and these signals are used for the
analysis of structural details and compositional information
in the sample. Composition of the nanoparticles was can be
identified by performing EDS analysis.

IV. FTIR (FOURIER TRANSFORM INFRARED
SPECTROSCOPY)

FTIR is the special method of spectroscopy suitable to
check the quality or purity of the nanoparticle. The samples
were kept in the field of IR radiation and the absorbance
spectrum was checked to produce the spectrum of the
nanoparticle sample. It helps to find the amount of sample in
a mixture and thus finds application in qualitative analysis
of PLGA nanoparticles.

V. INVITRO RELEASE

To ensure the release of drug in aqueous solution in
vitro drug release was carried out with dialysis membrane of
molecular weight between 12000 to 14000. In this, the
dialysis bag was pretreated with phosphate buffer for about
15 minutes. About 50mg of the prepared NPs was added to
dialysis bag followed by addition of 1ml phosphate buffer.
This membrane was kept immersed in a 50ml phosphate
buffer saline solution of pH 7.4. Then the setup was kept at
magnetic stirrer at 100 rpm. After 1:30 hrs drug release
study was carried out by withdrawing 2ml of sample
solution from the medium and checking for absorbance at
266nm. This reveals the release of drug from the dialysis
membrane and 2ml of fresh buffer was added in to the
medium. This entire setup was kept at 37°C to match the
body temperature. The sample was withdrawn from the
medium at regular time intervals (1:30, 3, 4:30, 6, 48, 72
hrs) and checked for absorbance.

VI. CELL LINE STUDY
I.  CELLLINE

Cell lines were obtained from National centre for cell
sciences Pune (NCCS). The cells were maintained in
Minimal Essential Media supplemented with 10% FBS,
penicillin 20 pl (100 U), and streptomycin (1000 pg/ml) and
amphotericin B (100 pug/ml) in a humidified atmosphere of
5% CO, at 37 °C.

Il. REAGENTS

MEM, Fetal bovine serum (FBS), Trypsin,
methylthiazolyl diphenyl- tetrazolium bromide (MTT),
Dimethyl sulfoxide (DMSO) and antibiotics were purchased
from Hi media & Sigma Aldrich. Inverted Microscope
(Lobomed) Magnefication 40X.

I1l. INVITRO ASSAY FOR CYTOTOXICITY ACTIVITY
(MTT ASsAY)

The anticancer activity of samples on MCF7 cells was
determined by the MTT assay (Mosmann et al., 1983). Cells
(1 x 10°/well) were plated in 0.2 ml of medium/well in 96-
well plates and incubated at 5 % CO, incubator for 72 hours.
Then, various concentrations of the samples were added in
0.1% DMSO for 48hrs at 5 % CO, incubator. After removal
of the sample solution and washing with phosphate-buffered
saline (pH 7.4), 20ul/well (5mg/ml) of 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl--tetrazolium bromide (MTT) in
phosphate- buffered saline solution was added. After 4hrs
incubation, 1ml of DMSO was added. Viable cells were
determined by the absorbance at 540nm. Measurements
were performed and the concentration required for a 50%
inhibition of viability (IC50) was determined graphically.
The effect of the samples on the proliferation of MCF7 cells
were expressed as the % cell viability using the following
formula:

% Cell viability = A540 of treated cells / A540 of control
cells x 100

VII.RESULTS AND DISSCUSION
I.  SEM (SCANNING ELECTRON MICROSCOPY)

The nanoparticles were coated in a carbon sheet for
microscopic examination. This Doxorubicin loaded PLGA
nanoparticles were then examined for size, topology,
structure of nanoparticles, which then reveals that this
nanoparticles ranges between 100-150nm in diameter with a
smooth and spherical surface. The image of doxorubicin
loaded PLGA nanoparticles were shown in the figure 1.

20 pm EHT=2000kv  Signal A=NTSBSD Date 8 Apr 2015
! WD=128mm  Mag= 500X Time 11,0420
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Fig. 1: Microscopic image of PLGA-Dox under SEM
Il. FTIR

The graph (Fig. 2) represents the absorption spectrum
of the Doxorubicin loaded PLGA nanoparticles to check for
the purity of the nanoparticles with the help of infrared rays.
This shows that the nanoparticles were pure at 2167cm™,
2124cm™ and had impurity peaks at 3342cm™. The
nanoparticles were checked for purity by before and after
purification and the resulting spectrum shows that the
nanoparticles have had purity peaks and no impurity peaks
after purification. This graph proves that the resulting
nanoparticles are pure.

)

Fig. 2: FTIR result of PLGA -Dox Nanoparticles: (a)
Native PLGA, (b) PLGA -Dox NPs with purification, (c)
PLGA-Dox NPs without purification.

I11. INVITRO DRUG RELEASE

Drug release studies was done using dialysis bag kept in
PBS (Phosphate Buffer Solution, pH 7.4) solution at 37°c.
The figure (Fig. 3) represents absorbance of the sample at
various time intervals. The absorbance is low at initial
periods; this indicates that the drug release is sustained and
gets increased at greater periods. The cumulative absorbance
is of the range between 0.438 and 1.638 and the results are
tabulated in Table 1.

Table 1: IN VITRO release of PLGA -Dox Nanoparticles

Time (hrs) Absorbance at

266nm

1% 0.438

3 0.080

4% 0.085

6 0.094

48 1.331

72 1.682

The figure (Fig. 3) represents the plot between
absorption and transmittance. The release of drug was
estimated to be about 82% at the end of 72 hours.

INVITRO release of PLGA-Dox
Nanoparticles

2

.682

15 3 45 6 48 72

Absorbance at 266nm

Time (hr)

Fig. 3: IN VITRO release of PLGA-Dox Nanoparticles
IV. MCF7 CELL LINE STUDY

Cell line studies was carried out using MCF-7
(Michigan Cancer Foundation-7) a breast cancer cell line
culture which is a breast ductal carcinoma. Initially without
the incubation of the drug, absorbance is checked in this
case the cells are 100% viable. The prepared nanoparticles
were injected in to the cell line at suitable times and check
or absorbance and also check or viability. The table given
below entails the details about the drug efficiency to kill
cells at various concentrations. At initial concentrations cells
have the capacity to withstand drug effects at 50ug/ml cells
were completely destroyed.

Table 2: Results of animal cell line studies

S. | Concentration | Dilution | Absorbance | % cell
No. pg/mi 540nm Viability
1 Control - 0.81 100

2 3.12 1:32 0.45 55.5

3 6.25 1:16 0.38 46.9
4 125 1:8 0.25 30.8
5 25 1:4 0.16 19.7
6 50 1:2 0.10 12.3
7 100 1:1 0.00 0.0

8 200 Neat 0.00 0.0
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At concentration of 12.5 g

W MCF7
120

% cell Viability

125 25

Concentration pg/ ml
At concentration of 25 ug

Fig. 4: Representation of cell viability with different
concentrations MCF7 Control Cell line

Before loading with PLGA-Dox Nanoparticles

- At concentration of 100ug

At concentration of 3.12

At concentration of 6.25ug
Fig. 5: Representation of cell morphology at different

concentration of Nanoparticles
Table 3: Results of animal cell inhibition study
Concentration Description
of drug (Hg)
Nil (before Cells with 100% viability
loading)
3.12 Change in structure was observed
DOI: 10.18535/ijmsci/v2i12.01
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6.25 Morphology of cells gets changed
125 Internal cell components
destroyed
25 and 50 Cells destroyed completely

A. CONCLUSION

The anti-cancer drug, Doxorubicin, has
successfully loaded into PLGA polymeric nanoparticle
using desolvation technique. The loading efficiency can be
increased by type of reaction medium, surface
concentration, doxorubicin concentration and pH of the
medium. Loading of 2.5x10"° M doxorubicin to polymeric
particles under suitable condition for each preparation was
found to have a high loading efficiency of doxorubicin onto
each polymeric surface. The in vitro release observed for
these nanoparticles was performed in a controlled manner in
a dialysis membrane and the absorbance is taken at regular
intervals. Cell line studies were performed using MCF-7
cancer cell line and the cancer cells were destroyed
completely at 50 pg/ml concentration of the released drug.
In conclusion, this system serves as an efficient tool for
delivery of anticancer agents as about 82% of drug has been
released at the end of 72 hours and 100% cancer cells were
destroyed at a minimum concentration of drug as low as

25ug.

ACKNOWLEDGEMENT

The authors feel grateful to thank ROYAL BIO
RESEARCH CENTRE, Chennai and KALASALINGAM
UNIVERSITY, Srivilliputtur or allowing as to do
characterization.

REFERENCES

[4] Rahimnejad M, Jahanshahi M and Najafpour G,
‘Production of biological nanoparticles from
bovine serum albumin for drug delivery’, Afr. J.
Biotechnol., 2006, 5, pp.1918-23.

[2] Michele F, Oliveira & Pedro P G, Guimaraes &
Alinne D M, Gomes & Diego S and Ruben D S.,
‘Strategies to target tumors using nanodelivery
systems based on biodegradable polymers, aspects
of intellectual property, and market’, J] Chem Biol,
2013, 6, pp.7-23.

[3] Nagavarma B V N, Hemant K.S.Yadav, Ayaz a,
Vasudha .S and Shivakumar H.G, ‘Different
Techniques for  Preparation of Polymeric
Nanoparticles- a Review’, Asian J Pharm Clin Res,
2012, 5(3), pp. 16-23.

[4] Krishna Sailaja A. and Chandavath Vineela,
‘Preparation and characterization of mefenamic
acid loaded bovine serum albumin nanoparticles by
desolvation technique using acetone as desolvating
agent’, Der Pharmacia Lettre, 2014, 6 (6), pp.207-
226.

[5] Vyas S.P and Khar R.K, ‘Targeted & Controlled
drug delivey’, Novel carrier systems, CBS
publication, 2002, pp.331-381.

(6]

(71

(8]

[

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Fojo AT, Ueda K and Slamon DJ, ‘Expression of a
multidrug- resistance gene in human tumors and
tissues’, Proc Natl Acad Sci U S A. 1987, 84(1),
pp.265-269.

Tacar O, Sriamornsak P and Dass CR.,
‘Doxorubicin: an update on anticancer molecular
action, toxicity and novel drug delivery
systems’, The  Journal of Pharmacy and
Pharmacology, 2013, 65 (2), pp.157-70.

Mohanraj VJ and Chen Y, ‘Gelatin nanoparticles
by two-step desolvation-a new preparation method,
surface modifications and cell uptake’, Trop J
Pharm Res, 2006, 5, pp.561-573.

Rohiwal S S, and Pawar S H, ‘Synthesis and
characterization of bovine serum albumin
nanoparticles as a drug delivery vehicle’, Int J
Pharm Bio Sci, Oct 2014, 5(4), pp.51 — 57.

Amir Maghsoudi, Seyed Abbas Shojaosadati and
Ebrahim Vasheghani Farahani, ‘Preparation,
characterization, and IN VITRO targeted delivery of
folate-decorated  paclitaxelloadedbovine  serum
albumin nanoparticles’, AAPS Pharm Sci Tech,
2008, 9, pp.1092-1096.

Peter Christoper G.V., Vijaya Raghavan C.,
Siddharth K., Siva Selva Kumar M. and Hari
Prasad R., ‘Formulation and optimization of coated
PLGA - Zidovudine nanoparticles using factorial
design and IN VITRO in vivo evaluations to
determine brain targeting efficiency’, Saudi
Pharmaceutical Journal, 2014, 22, pp.133-140.
Chien YW., ‘Novel drug delivery systems’, Drugs
and the Pharmaceutical Sciences, Marcel Dekker,
New York, NY; 1992, 50, pp.797.

Kinjal C Patel and Soma Pramanik, ‘Formulation
and Characterization of Mefenamic Acid Loaded
Polymeric Nanoparticles’, World Journal of
Pharmacy and Pharmaceutical Sciences, 2014,
3(6), pp.1391-1405.

Lee ES, Na K and Bae YH, ‘Doxorubicin loaded
pH-sensitive polymeric micelles for reversal of
resistant MCF-7 tumor’, J Control Release, 2005,
103(2), pp.405-418.

Yan Y, Ochs CJ and Such GK, ‘Bypassing
multidrug resistance in cancer cells with
biodegradable polymer capsules’, Adv Mater,
2010, 22(47), pp.5398-5403.

Allemann E, Gurny R and Doelker E, ‘Drug-loaded
nanoparticles — preparation methods and drug
targeting issues’, Eur J Pharm Biopharm, 1993, 39,
pp.173-191.

Bisht S and Maitra A, ¢ Dextran-
doxorubicin/chitosan nanoparticles for solid tumor
therapy’, Wiley Interdiscip Rev Nanomed
Nanobiotechnol., 2009, 1, pp.415-425.

Catarina, P. R., Ronald, J., Neufeld, A. Ribeiro J.
.and Veiga, F, ‘“Nanoencapsulation I. Methods for
preparation of drug-loaded polymeric
nanoparticles’, Nanomedicine, Nanotechnology,
Biology and Medicine., 2006, 2, pp.8— 21.

1460

DOI: 10.18535/ijmsci/v2i12.01



Cite As: PLGA Based Nanoencapsulation For Controlled Release Of Doxorubicin For Cancer Therapy;

2015

Vol. 2|Issue 12|Pg:1456-1461

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Christenson, L., Dionne, K., and Lysaught, M.,
‘Fundamentals of animal cell encapsulation"”,
Biomedical application of immobilized cells’, In
Goosen (ed.), 1993, CRC Press, Boca Raton,
M.F.A, pp 7-41.

Dash S, Murthy PN, Nath L and Chowdhury P,
‘Kinetic modeling on drug release from controlled
drug delivery systems’, Acta Pol Pharm., 2010,
May-Jun, 67(3), pp.217-23.

Dosio F, Brusa P, Crosasso P, Arpicco S and Cattel
L, ‘Preparation, characterization and properties IN
VITRO and in vivo of a paclitaxelalbumin
conjugate’, J Control Release, 1997, 47(3), pp.293—
304.

Gomez-Gaete C, Tsapis N and Besnard M,
‘Encapsulation of dexamethasone into
biodegradable polymeric nanoparticles’, Int J
Pharm, 2007, 331, pp.153-9.

Henriksen I, Sande SA, Smistad G, Agren T and
Karlsen J, ‘IN VITRO evaluation of drug release
kinetics from liposomes by fractional dialysis’, Int.
J. Pharm. 1995, 119(2), pp.231-8.

Joshi S, Chavhan S and Sawant K, ‘Rivastigmine
loaded PLGA and PBCA nanoparticles:
preparation, optimization, characterization, IN
VITRO and pharmacodynamics studies’, Eur J
Pharma Biopharm, 2010, 76, pp.189-99.

Jung B and Anvari B , ‘Synthesis and
characterization of bovine serum albumin-coated
nanocapsules loaded with indocyanine green as
potential multifunctional nanoconstructs’,
Biotechnol Prog., 2012, 29(3), pp.795-805.

Kayser O, Lemke A and Hernandez-Trejo N, ‘The
impact of nanobiotechnology on the development
of new drug delivery systems’, Curr Pharm
Biotechnol, 2005, 6(1), pp. 3-5.

Kumaresh S, Tejraj M, Anandrao R and Walter E,
‘Biodegradable polymeric nanoparticles as drug
delivery devices’, J.Contr. Release., 2001, 70,
pp.1-20.

Kumari A, Yadav SK and Yadav SC,
‘Biodegradable polymeric nanoparticles based drug
delivery systems’, Colloids Surf B Biointerfaces,
2010, 75(1), pp.1-18.

Merodio M, Arnedo A, Renedo MJ and Irache JM,
‘Ganciclovir-loaded albumin nanoparticles:
Characterization and IN VITRO release properties’
Eur J Pharm Sci, 2001, 12(3), pp.251-259.
Pignatello R and Puglisi G, ‘Nanotechnology in
ophthalmic drug delivery: A survey of recent
developments and patenting activity’, Recent Pat
Nanomedicine, 2011, 1, pp. 42-54.

Rajan M and Raj V, ‘Encapsulation,
characterisation and in vitro release of anti-
tuberculosis drug using chitosan - poly ethylene
glycol nanoparticles’ Int J Pharm Pharm Sci, 2012,
4(4), pp.255-259.

Santhi K., Dhanaraj S. A., Joseph V., Ponnusankar
S., and Suresh B, ‘A study on the preparation and

(33]

(34]

(35]

(36]

anti-tumor efficacy of bovine serum albumin
nanospheres containing 5-fluorouracil’, Drug
Development and Industrial Pharmacy, 2002,
28(9), pp.1171-1179.

Soppimath K. S., Aminabhavi T. M., Kulkarni A.
R., and Rudzinski W. E., ‘Biodegradable polymeric
nanoparticles as drug delivery devices’, Journal of
Controlled Release, 2001a, 70(1-2), pp. 1-20.

Susa M, Iyer AK and Ryu K, ‘Doxorubicin loaded
polymeric nanoparticulate delivery system to
overcome drug resistance in osteosarcoma’, BMC
Cancer, 2009, 9, 399.

Weber C, Coester C, Keruter J and Langer K,
‘Desolvation process and surface characterization
of protein nanoparticles’ Int J Pharm., 2000,
194(1), pp.91-102.

Yang X., Zhang X., LiuZ., Ma Y., Huang Y. and
Chen Y., ‘High-efficiency loading and controlled
release of doxorubicin hydrochloride on graphene
oxide’, Journal of Physical Chemistry C, 2008,
112(45), pp. 17554-17558.

1461

DOI: 10.18535/ijmsci/v2i12.01



