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KEYWORDSABSTRACT

Nanoparticles synthesised from starch provides enhanced solubility of
Doxorubicin in the aqueous solution. Various parameters like presence
of organic solvent, surfactant concentration, loading efficiency, doxoru-
bicin concentration affects the size of doxorubicin-starch nanoparticle.
Under controlled conditions, doxorubicin loaded in situ on to the starch
polymer with particle size ranging between 10nm to 100nm was achieved
by nanoprecipitation method. These nanoparticles were characterized
under Scanning Electron Microscopy (SEM), Fourier Transform Infra-
red Spectroscopy (FTIR) to find the surface topology, particle size, drug
loaded inside the polymer, structure of DOX-starch nanoparticles. The
doxorubicin loaded starch nanoparticle was observed for in vitro drug
release study in a buffer solution mainly phosphate buffer solution for 5-
7 days. This reveals that the starch polymer acts as an efficient carrier
vehicle for the anticancer agents.  2016 Trade Science Inc. - INDIA

INTRODUCTION

Nanoparticles are ultrafine particles ranging be-
tween 1 and 100 nm in size. The chemical nature of
nanoparticles may be metallic or polymeric. Poly-
meric nanoparticles may be synthetic or natural and
exhibit nanosized colloidal structures. Based on the
preparation of nanoparticles, drugs can be loaded
in to, on to the surface[1, 2]. In nanocapsules, the drug
is entrapped by the polymeric surface surrounding
the molecule. Fourier Transform Infrared Spectros-
copy (FTIR) and Scanning Electron Microscopy
(SEM) display the structure of these finest
nanoparticles. Techniques like desolvation, emulsi-

fication and evaporation are the recent techniques
used for the preparation of nanoparticles[3]. Among
these, nanoprecipitation process is widely used pro-
cess for the preparation of starch-doxorubicin
nanoparticles. The nanoparticles must be prepared
in such a way that it should be biodegradable and
biocompatible to body tissues.

Natural polymers like starch exhibit biodegrad-
ability and also starch is a versatile and well known
polymer which has a good drug delivery applica-
tion with cells and tissues [4]. These starch
nanoparticles range between 10-100nm in size. Since
these are hydrophilic, easily degradable and com-
patible with body tissues, starch is a well preferred
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polymer for this work. For instance, starch
nanoparticles can be loaded with different drugs like
testosterone, nifedipine etc[5]. Starch is a polysac-
charide occurs mainly in plants in which it acts as a
storage material. Starch mainly composed of
glycopyranose which yields monosaccharide on hy-
drolysis [6]. Many investigations used starch
nanoparticles as a transdermal drug delivery sys-
tem. Starch nanoparticles are mainly prepared by
nanoprecipitation, emulsification and
homogenitization. Due to its simplicity and repro-
ducibility nanoprecipitation is preferred for prepa-
ration of starch nanoparticles under controlled par-
ticle size by controlled use of surfactants and etha-
nol for purification[7].

In this study, starch nanoparticles were prepared
by nanoprecipitation method. The loading of Doxo-
rubicin in situ on to starch to form Doxorubicin
loaded starch nanoparticles was alone by precipita-
tion of the preformed polymer particles and by wa-
ter oil emulsion method[8, 9]. This provides a major
advantage that there is no need of any organic sol-
vent and no rising temperature for preparation of
nanoparticles. It requires only small amount of or-
ganic solvent like ethanol to remove oily residues
and also surfactants during precipitation process. The
type of surfactant used plays a major role in the load-
ing efficiency of doxorubicin-starch nanoparticles
as these surfactants should be non-ionic and non-
toxic in nature. Also surfactant concentration deter-
mines the particle diameter[11, 12]. The anticancer drug
loaded in situ in to starch is doxorubicin which is a
widely used drug for chemotherapy in treating leu-
kaemia, lymphomas, soft tissue carcinomas, blad-
der, and breast cancers. Recent investigations in an-
ticancer research have coupled doxorubicin with
monoclonal antibody to eliminate HIV-1 in mice.
Doxorubicin is a vesicant (i.e.) it is a chemical that
causes tissue damage if it blisters out from vein.
Doxorubicin should be carefully encapsulated in to
starch so that when it targets cancer tissue it does
not cause damage to normal cells[13].

MATERIALS

Ethanol (98 %), Tween 80 (polysorbate 80),

Starch were procured from LOBA Chemicals, In-
dia. Oil used was sunflower oil. All chemicals and
reagents were used without further purification and
were of analytical grade. The aqueous solutions
were prepared by double distilled deionized water.

METHODS

Preparations by nanoprecipitation

Starch-Doxorubicin nanoparticles were prepared
by nanoprecipitation technique. The surfactant
(Tween 80- an emulsifying agent) was initially added
to ethanol to form ethanolic surfactant. Then 1 ml of
doxorubicin was added with 15 ml of ethanolic sur-
factant solution, followed by the addition of 5 ml of
oil and the mixture was stirred for 2 hrs at room
temperature. Then 1% starch solution was prepared
by using double distilled deionized water. From that
1 ml of starch solution was added drop wise to the
mixer and stirred continuously for 2 hrs, doxorubi-
cin was loaded insitu with starch nanoparticles. The
medium containing nanoparticles as fine aggregates
was centrifugated at 15000rpm in a research centri-
fuge so that the doxorubicin loaded starch
nanoparticles were formed as pellet leaving the su-
pernatant above which has to be discarded. The pel-
let was taken out for purification followed by air
dried in an incubator at 37ºC for 3 hours.

Purification of the prepared nanoparticles

The resultant pellet (unpurified) was taken out
and then washed with ethanol for 5 times to remove
the excess drug that gets loaded on the polymeric
surface. After purification the pellet is air dried to
form powdered nanoparticles.

CHARACTERIZATION

SEM

SEM was performed using ZEISS SEM. This
helps to focus the sample to extract structural and
chemical information of the nanoparticles and also
helps to image the Starch-Doxorubicin combination.
It helps to ensure the loading of drug in to the poly-
mer. In this study the sample is coated with carbon
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coating cressington units. EDS analysis can be used
to find the comparison of different materials in the
starch-doxorubicin nanoparticle combination.

FTIR

FTIR spectroscopy incorporates the use of in-
fra-red radiation to find the structure of the resulting
nanoparticle in the range of 50-4000cm-1. This helps
to find the structure of molecules and also its absor-
bance spectrum. By using FTIR the amount of starch
present in the starch present in the nanoparticles can
be investigated and the resulting spectrum reveals
the characteristics of the starch-doxorubicin
nanoparticles.

In vitro drug release

The drug release studies were carried out in
phosphate buffer solution using dialysis membrane
under controlled conditions. The dialysis membrane
of molecular weight ranges between 12000 and
14000 was used. Initially the dialysis bag was treated
with phosphate buffer for above 15 minutes. Then
50mg of the formulated NPs were added to the di-
alysis bag followed by addition of 1ml buffer solu-
tion and the setup is immersed in a 50ml phosphate
buffer saline solution and the pH of the phosphate
buffer is 7.4. The entire setup kept at a magnetic
stirrer at 100 rpm at 37ºC. After 1:30 hrs 2 ml of

sample solution was withdrawn and the absorbance
is measured using UV Spectrophotometer at 266 nm.

After the sample is withdrawn from the setup 2ml of
fresh buffer was added to the medium. The absor-
bance is measured at different time intervals to en-
sure the release of drug from the dialysis bag.

RESULTS AND DISSCUSION

SEM (Scanning electron microscopy)

Analysis of the prepared nanoparticles reveals
the structure and size of nanoparticles and also load-
ing of drug in to the polymeric surface. The
nanoparticles were first coated in a carbon sheet in
a crystalline form for examination under SEM. This
images the loading of drug in to the polymer as shown
in the figure given below with size range between
100-150nm with a smooth surface having spherical
space inside.

FTIR

FTIR (Fourier Transform Infrared Spectroscopy)
is done to check the purity of the prepared
nanoparticles by using infrared light. The absorp-
tion spectrum of the nanoparticle sample was ob-
tained, from that the purity was checked by plotting
a graph between the wave number and transmittance.
The graph shows the sample remains impure at
3013.11cm 1 and it is pure after the purification pro-
cess at 2190.74cm-1, 2049.06cm-1, 1550.49cm 1.

In vitro drug release

Figure 1 : Microscopic image of starch-dox under SEM
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Figure 2 : FTIR result of starch-dox nanoparticles :(a) native starch, (b) starch-dox NPs with purification, (c)
starch-Dox NPs without purification

Time (hrs) Absorbance at 266nm 

1:30 0.352 

3 0.269 

4:30 0.396 

6 0.674 

48 1.218 

72 1.693 

TABLE 1 : In vitro release of starch-dox nanoparticles

Figure 3 : In vitro release of starch-dox nanoparticles

Drug release measurement of the sample for the
period of 72 hours was in the TABLE 1. The
nanoparticle is put in a dialysis bag and then kept in
PBS (Phosphate Buffer Solution) of pH 7.4 at 37oc
and then stirred in a magnetic stirrer. The absor-
bance is low (0.352) at the initial period and it in-
creases over the period of time; this indicates that
the drug releases in a controlled fashion.
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Various parameters like drug concentration, mo-
lecular weight, polymeric composition and the na-
ture of nanoparticle affects the release of drug from
the polymer. As starch is highly soluble in aqueous
medium it possesses efficient release in a sustained
manner. The percentage release of sample from the
membrane was found to be about 85% at the end of
72 hours.

CONCLUSION

In this report we successfully loaded doxorubi-
cin on to the starch polymeric nanoparticles using
nanoprecipitation method and its size range between
250 t0 300 nm with smooth surface having spherical
cavity inside which contains the anticancer drug
(Doxorubicin). Various parameters like loading ef-
ficiency, molecular weight of the drug as well as the
concentration o the drug affects release of
nanoparticles from the dialysis bag. The absorbance
was checked periodically after 1hr of treating with
the phosphate buffer solution of pH 74 or the drug
release studies. FTIR was carried out to check the
purity of the prepared nanoparticle sample. At the
last, we concluded that starch nanoparticle serves
as an excellent carrier for drug delivery systems.

ACKNOWLEDGEMENT

We are grateful to ROYAL BIO RESEARCH
CENTRE, Chennai and KALASALINGAM UNI-
VERSITY, Srivilliputtur.

REFERENCES

[1] E.Allemann, R.Gurny, E.Doelker, �Drug-loaded

nanoparticles � preparation methods and drug tar-

geting issues�, Eur.J.Pharm.Biopharm., 39, 173�191

(1993).
[2] E.Allemann, R.Gurny, E.Doelker; �Drug-loaded

nanoparticles � Preparation methods and drug tar-

geting issues�, Eur.J.Pharm.Biopharm., 39, 173�191

(1993).
[3] C.Astete, C.Sabliov; Synthesis and characterization

of PLGA nanoparticles, J Biomater.Sci.Polym.Ed.,
17(3), 247�289 (2006).

[4] U.Bilati, E.Allemann, E.Doelker; �Development of

a nanoprecipitation method for the entrapment of
hydrophilic drugs into nanoparticles�, European Jour-

nal of Pharmaceutical Science, 24, 67�75 (2005).
[5] L.Chen, X.Li, L.Li, S.Guo; �Acetylated starch-based

biodegradable materials with potential biomedical
applications as drug delivery systems�, Current Ap-

plied Physics, 7(1), e90�e93 (2007).
[6] L.Chen, X.Li, L.Li, S.Guo; �Acetylated starch-based

biodegradable materials with potential biomedical
applications as drug delivery systems�, Current Ap-

plied Physics, 7(1), e90�e93 (2007).
[7] S.F.Chin, S.C.Pang, S.H.Tay; �Size controlled syn-

thesis of starch nanoparticles by a simple
nanoprecipitation method�, Carbohydrate Polymers,

86(4), 1817�1819 (2011).
[8] F.Dosio, P.Brusa, P.Crosasso, S.Arpicco, L.Cattel;

�Preparation, Characterization and properties in vitro

and in vivo of a paclitaxel albumin conjugate�,
J.Control.Release., 47(3), 293�304 (1997).

[9] El A.Hag Ali, Al A.Arifi; �Characterization and in

vitro evaluation of starch based hydrogels as carri-
ers for colon specific drug delivery systems�, Car-

bohydrate Polymers, 78(4), 725�730 (2009).
[10] El A.Hag Ali, A.AlArifi; �Characterization and in vitro

evaluation of starch based hydrogels as carriers for
colon specific drug delivery systems�, Carbohydrate

Polymers, 78(4), 725�730 (2009).
[11] El A.Hag Ali, Al A.Arifi; �Characterization and in

vitro evaluation of starch based hydrogels as carri-
ers for colon specific drug delivery systems�, Car-

bohydrate Polymers, 78(4), 725�730 (2009).
[12] R.Gref, Y.Minamitake, M.T.Peracchia; �Biodegrad-

able longcirculating polymeric nanospheres�, Science,

263, 1600�1603 (1994).
[13] M.L.Hans, A.M.Lowman; �Biodegradable

nanoparticles for drug delivery and targeting�,
Curr.Opin.Solid State Mater Sci., 6(4), 319-27
(2002).

[14] R.Jain; �The manufacturing techniques of various

drug loaded biodegradable poly (lactide-co-
glycolide)(PLGA) devices�, Biomaterials, 21(23),
2475�2490 (2000).

[15] J.Y.Kim, S.T.Lim; �Preparation of nano-sized starch

particles by complex formation with n-butanol�,
Carbohydrate Polymer, 76(6), 110�116 (2009).

[16] S.Kumaresh, Soppimath, M.Tejraj, Aminabhavi,
Anandrao R.Kulkarni, Walter E.Rudzinski; �Biode-

gradable polymeric nanoparticles as drug delivery
devices�, J Control Release, 70, 1�20 (2001).

[17] A.Kumari, S.K.Yadav, S.C.Yadav; �Biodegradable



Sasikumar Palsamy et al. 35

Full Paper
NSNTAIJ, 10(1) 2016

Nano Science and Nano Technology

An Indian Journal

polymeric nanoparticles based drug delivery sys-
tems�, Colloids Surf B Biointerfaces, 75(1), 1-18
(2010).

[18] G.S.Kwon, M.Yokoyama, T.Okano; �Biodistribution

of micelle forming polymer-drug conjugates�,
Pharm.Res., 10, 970�974 (1993).

[19] W.T.Leach, D.T.Simpson, T.N.Val; �Encapsulation

of protein nanoparticles into uniform-sized
microspheres formed in a spinning oil film�, AAPS

Pharm.Sci.Tech., 6, 75 (2005).
[20] E.S.Lee, K.Na, Y.H.Bae; �Doxorubicin loaded pH-

sensitive polymeric micelles for reversal of resistant
MCF-7 tumor�, J Control Release, 103(2), 405�418

(2005).
[21] B.V.N.Nagavarma, Hemant K.S.Yadav, A.Ayaz,

S.Vasudha, H.G.Shivakumar; �Different techniques

for preparation of polymeric nanoparticles- a review�,
Asian J Pharm.Clin.Res., 5(3), 16-23 (2012).

[22] K.S.Soppimath, T.M.Aminabhavi, A.R.Kulkarni,
W.E.Rudzinski; �Biodegradable polymeric

nanoparticles as drug delivery devices�, Journal of

Controlled Release, 70(1�2), 1�20 (2001a).
[23] Suk Fun Chin, Siti Nur Akmar Mohd Yazid, Suh

Cem Pang; �Preparation and characterization of

starch nanoparticles for controlled release of
curcumin�, Int.J.Poly.Sci., January, Article ID

340121, 29, 1-8 (2014).
[24] M.Susa, A.K.Iyer, K.Ryu; �Doxorubicin loaded

polymeric nanoparticulate delivery system to over-
come drug resistance in osteosarcoma�, BMC Can-

cer, 9, 399 (2009).

[25] A.Szepes, Z.Makai, C.Blumer, K.Mader, Jr.P.Kasa,
P.SzaboRevesz; �Characterization and drug deliv-

ery behavior of starch-based hydrogels prepared via
isostatic ultrahigh pressure�, Carbohydrate Polymers,

72(4), 571�578 (2008).
[26] Q.Wang, N.Zhang, X.Hu, J.Yang, Y.Du; �Chitosan/

starch fibers and their properties for drug controlled
release�, European Journal of Pharmaceutics and

Biopharmaceutics, 66(3), 398�404 (2007).
[27] V.Wintgens, C.Amiel; �Surface plasmon resonance

study of the interaction of a beta-cyclodextrin poly-
mer and hydrophobically modified poly(N-
isopropylacrylamide)�, Langmuir, 21(24), 11455�
11461 (2005).

[28] X.Yang, X.Zhang, Z.Liu, Y.Ma, Y.Huang, Y.Chen;
�High-efficiency loading and controlled release of

doxorubicin hydrochloride on graphene oxide�, Jour-

nal of Physical Chemistry C, 112(45), 17554�17558

(2008).
[29] M.L.T.Zweers, G.H.M.Engbers, D.W.Grijpma,

J.Feijen; �In vitro degradation of nanoparticles pre-

pared from polymers based on DL-lactide, Glycolide
and poly(ethylene oxide)�, Journal of Controlled

Release, 100(3), 347-356 (2004).


