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a  b  s  t  r  a  c  t

Xanthan  gum  (XG)  has  been  widely  used  in food,  pharmaceutical  and  cosmetic  industries.  In  the  present
study,  we  explored  the  potential  of  XG  in the  synthesis  of  gold  nanoparticle.  XG  was  used  as  both  reducing
and  stabilizing  agent.  The  effect  of various  formulation  and process  variables  such as  temperature,  reac-
tion  time,  gum  concentration,  gum  volume  and  gold  concentration,  in  GNP  preparation  was  determined.
The  XG  stabilized,  rubey-red  XGNP  were  obtained  with  5 ml of XG aqueous  solution  (1.5  mg/ml).  The
optimum  temperature  was  80 ◦C whereas  the  reaction  time  was  3  h.  The  optimized  nanoparticles  were
also investigated  as  drug  delivery  carrier  for doxorubicin  hydrochloride.  DOX  loaded  gold  nanoparticles
(DXGP)  were  characterized  by  dynamic  light  scattering,  TEM, FTIR,  and  DSC  analysis.  The  synthesized
nanoparticle  showed  mean  particle  size  of  15–20  nm  and  zeta  potential  −29.1  mV.  The  colloidal  stability
tability of  DXGP  was studied  under  different  conditions  of pH,  electrolytes  and  serum.  Nanoparticles  were found
to  be  stable  at pH  range  between  pH  5–9  and  NaCl  concentration  up to  0.5 M.  In  serum,  nanoparticles
showed  significant  stability  up to  24  h. During  toxicity  studies,  nanoparticles  were  found  biocompatible
and  non-toxic.  Compared  with  free  DOX,  DXGP  displayed  3  times  more  cytotoxicity  in  A549  cells.  In
conclusion,  this  study  provided  an  insight  to synthesize  GNP  without  using  harsh  chemicals.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Xanthan gum (XG) is an anionic, high molecular weight, exo-
olysaccharide produced by aerobic fermentation of sugars by
anthomonas campestris.  Its basic chain consists of a �-(1 → 4)

inked glucose backbone with the substitution of a charged trisac-
haride side-chains of [�-(1 → 3)-mannose-�-(1 → 2)-glucuronic
cid-�-(1 → 4)-mannose] on alternate glucose residues (Jian, Zhu,
hang, Sun, & Jiang, 2012). It is non-toxic, hydrophilic and
iodegradable bio-polymer. XG is being used in food, cosmetic
nd pharmaceutical industries. The industrial applications of XG
re based upon its exceptional rheological properties. XG is sol-

ble in both cold and hot water, hydrates quickly and produces
igh viscosity at low concentration (Sereno, Hill, & Mitchell, 2007;
harma, Naresh, Dhuldhoya, Merchant, & Merchant, 2006). In

∗ Corresponding author at: Medicinal Chemistry & Pharmacology Division, CSIR-
ndian Institute of Chemical Technology, Hyderabad 500007, India.
el.: +91 40 27193753.

E-mail address: sistla@iict.res.in (R. Sistla).

ttp://dx.doi.org/10.1016/j.carbpol.2014.03.041
144-8617/© 2014 Elsevier Ltd. All rights reserved.
pharmaceutical industries, XG has been reported for formulation
of both solid and liquid dosage forms. In solid dosage formulation,
it is used as controlled release agent (Jian et al., 2012; Phaechamud
& Ritthidej, 2007; Santos, Veiga, Pina, & Sousa, 2005; Sinha, Mittal,
Bhutani, & Kumaria, 2004) whereas in liquid formulations, it is
used as thickening agent, suspending agent and emulsion stabilizer
(Desplanques, Renou, Grisel, & Malhiac, 2012).

Recently, XG has also been used in the preparation and sta-
bilization of inorganic iron and palladium nanoparticles (Comba,
Dalmazzo, Santagata, & Sethi, 2011; Fan et al., 2013; Vecchia, Luna,
& Sethi, 2009; Xue & Sethi, 2012). Nanoparticles are solid struc-
tures with a size below 200 nm and have found their applications
in sensing, imaging and in drug and gene delivery. Gold nanopar-
ticles (GNP) are one of the most commonly explored and used
nanoparticles in drug delivery because of controlled size, improved
efficacy and targeted delivery (Almeida, Figueroa, & Drezek; 2013;
Pissuwan, Niidome, & Cortie, 2011). As drug delivery carrier, GNP

has been used for the delivery of both hydrophilic and hydrophobic
drugs (Aryal, Grailer, Pilla, Steeber, & Gong, 2009; Chen et al., 2007;
Gibson, Khanal, & Zubarev, 2007; Oliveira et al., 2013; Prabaharan,
Grailer, Pilla, Steeber, & Gong, 2009). But, the conventional

dx.doi.org/10.1016/j.carbpol.2014.03.041
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.03.041&domain=pdf
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ynthesis of GNP involves the use of chemicals like sodium borohy-
rate, tri-sodium citrate etc. as reducing agent (Burygin et al., 2009;
uncan, Kim, & Rotello, 2010; Jung et al., 2013; Khan, Vishakantea,

 Siddaramaiah, 2013; Saha et al., 2007). These GNP have been
ound to be very unstable and form aggregates with the slight
hange in pH and electrolyte concentration (Mirza & Shamshad,
011; Rouhana, Jaber, & Schlenoff, 2007). The GNP prepared with
ellan gum showed the stability between pH 4–8 and addition of
aCl up to 0.1 M (Dhar, Reddy, Shiras, Pokharkar, & Prasad, 2008).
atural gums stabilize the inorganic nanoparticles by two mech-
nisms: first, by adsorbing to the surface of nanoparticles which
reates steric repulsion among the particles. In second mechanism,
hey increase the viscosity of nanoparticle suspension, and there-
ore slow down the aggregation processes (Comba & Sethi, 2009;
iraferri, Chen, Sethi, & Elimelech, 2008; Xue & Sethi, 2012). The aim
f this investigation was to synthesize the environment friendly
old nanoparticles using XG as reducing agent. The nanoparticle
reparation was optimized for gum concentration and volume,
old concentration, temperature and reaction time. Gum stabi-
ized GNP were studied for its utility as drug delivery carrier using
oxorubicin hydrochloride as model drug. Doxorubicin hydrochlo-

ide is hydrophilic in nature and has been clinically used for the
reatment of various cancers, haematological malignancies, soft tis-
ue sarcomas and solid tumours (Carvalho et al., 2009; Laginha,
erwoert, Charrois, & Allen, 2005). Two measure limitations of
OX are non-specific cytotoxicity and multi drug resistance. Multi
rug resistance to DOX is due to drug efflux by P-glycoproteins.
oxorubicin is substrate for P-glycoproteins which efflux DOX and
ecrease intracellular drug level. DOX loaded GNP have shown
o overcome both the problems of non-specific toxicity and drug
esistance (Gu, Cheng, Man, Wong, & Cheng, 2012). The prepared
anoparticles were also investigated for biocompatibility, stability
nd cytotoxicity study in lung cancer cells.

. Materials and methods

.1. Materials

Xanthan gum and Tetrachloroauric acid (HAuCl4) were pur-
hased from Sigma–Aldrich (St Louis, MO,  USA). Doxorubicin
ydrochloride was received as gift sample from TherDose pharma
vt. Ltd. (Hyderabad, India). The chemical used for buffer prepa-
ations were of analytical grade and were purchased from sd
ine-Chem Ltd. (Hyderabad, India). MTT  (3-(4,5-dimethylthazol-2-
l)-2,5-diphenyl tetrazolium bromide, Dulbecco’s modified eagle
edium (DMEM), trypsin–EDTA, foetal bovine serum (FBS) and

ntibiotic solution (10,000 U/ml penicillin, 10 mg/ml  streptomycin)
ere purchased from Sigma–Aldrich (St Louis, MO,  USA). Cell cul-

ure plastic wares were obtained from Tarsons Products Pvt. Ltd.
Kolkata, India). All the formulations were prepared in MilliQ water.

.2. Preparation of gum solution

The stock solution of gum was prepared by dissolving 500 mg
f the gum in 100 ml  water and was stirred overnight at room
emperature. The solution was centrifuged to remove the insol-
ble materials and supernatant was lyophilized. The lyophilized
ry powder was dissolved in water to get desired concentration of
anthan gum.

.3. Synthesis of gold nanoparticles
Gold nanoparticles were prepared by reducing the aqueous
olution of HAuCl4 by heating at 80 ◦C in the presence of XG solu-
ion (1.5 mg/ml). The change in colour was obtained from colourless
o purple to rubey-red after 2 h. The colloidal solution was  cooled
olymers 110 (2014) 1–9

at room temperature and stored in amber colour vials at 4 ◦C.
The nanoparticle formulation showed the absorption maxima at
525 nm.

2.4. Optimization of formulation and process variables

The effect of formulation and process variables such as gum con-
centration, gold concentration, gold to gum volume ratio, reaction
time and temperature were studied by changing one parameter at
a time and keeping other constant.

2.5. Characterizations of xanthan gum stabilized gold
nanoparticles (XGNP)

2.5.1. Hydrodynamic diameter and polydispersity
The hydrodynamic diameter and polydispersity index of GNP

were determined by dynamic light scattering using Zetasizer Nano-
ZS (Malvern instrument Ltd., Malvern, UK). Before measurement,
the samples were diluted appropriately to get particle count rate
between 100 and 300 kcps and instrument was  set up at 25 ◦C with
a back scattering angle of 173◦.

2.5.2. Transmission electron microscopy (TEM)
A drop of sample was placed on carbon coated copper grid, air

dried at room temperature and stained with 2% uranyl acetate. The
nanoparticle size measurement was  done using transmission elec-
tron microscope (Hitachi, H-7500) and average of 10 nanoparticle
size was  considered as the size of the sample.

2.5.3. Surface charge
The electrokinetic properties of the GNP were determined by

measuring the zeta potential using Zetasizer Nano-ZS. The samples
were diluted 10 times with MilliQ water before the measurement.

2.5.4. Fourier transform infrared analysis
An amount of 2 mg  of sample was  mixed with 100 mg  of potas-

sium bromide and compressed to form a pellet. The pellet was
placed in pellet holder and scanned for the measurement of % trans-
mittance in the wave number range of 4000–450 cm−1 using FTIR
spectrophotometer (Perkin Elmer, USA). The spectra requisition
was carried out using the software Spectrum One (Perkin Elmer,
USA).

2.6. Doxorubicin loading to nanoparticles

Blank gold nanoparticles were dispersed in phosphate buffer
saline and were incubated with 1 mg  of DOX solution (1 mg/ml)
at room temperature overnight. The nanoparticles dispersion was
centrifuged at 15,000 rpm for 30 min. DOX loading was  determined
by measuring the free drug content in supernatant. Percent drug
loading was  calculated as follows:

% DOX loading = 1  − DS

DT
× 100

whereas, DS is the amount of DOX present in supernatant, DT is the
total amount of DOX loaded initially.

2.7. In vitro drug release studies

The in vitro drug release studies were performed using dialysis
method. In dialysis tubing, the nanoparticles equivalent to 1 mg  of
DOX were dispersed in 1 ml  of distilled water and placed in 100 ml

of release medium (phosphate buffer saline pH 7.4 and sodium
acetate buffer pH 4.5) at 37 ◦C in dark. Three millilitres of sam-
ple was withdrawn at different time intervals up to 12 h and was
replaced with same volume of fresh medium. The samples were
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ig. 1. Optimization of different formulation variables for the synthesis of Xantha
olume  (c) gold volume and (d) gold concentration.

nalyzed for drug content using UV/vis spectrophotometer (Perkin
lmer, Lambda 25, USA) at 480 nm.

.8. Hemolytic toxicity studies

The biocompatibility of prepared gold nanoparticles was deter-
ined by estimating the % hemolysis, caused by nanoparticles.

he assay procedure reported by Kumar, Paul, & Sharma, 2011,
as used with slight modification (Kumar et al., 2011). Blank

old nanoparticles were dispersed in normal physiological saline
0.9%, w/v NaCl). Varying concentrations (50–200 �g/ml) of the
ispersion were added into red blood cells suspension (2%, v/v),
ixed well and incubated at 37 ◦C. After 1 h, the samples were

entrifuged at 3000 rpm for 5 min  and absorbance of super-
atant was measured at 540 nm spectrophotometrically. The
upernatant absorbance of RBC suspension treated with distilled
ater and normal saline were taken as standard and control,

espectively. The % hemolysis was calculated as: % hemoly-
is = (Asample − Acontrol)/(Astandard − Acontrol) × 100.

.9. Cytotoxicity studies

Cellular toxicity of pure DOX and DXNP was  evaluated by MTT
ssay in A549 human lung cancer cells. The assay is based on
he mitochondrial reduction of yellow MTT, a tetrazolium dye,

o a highly coloured blue formazan product. About 10,000 cells
er well were cultured in 96 wells plate and allowed to attach
vernight. Next day, cells were incubated with different concentra-
ion (0.1–10 �g/ml) of pure doxorubicin, blank gold nanoparticles
 stabilized gold nanoparticles. Effect of (a) Xanthan gum concentration (b) gum

(positive control) and doxorubicin loaded gold nanoparticles. Cells
were incubated in CO2 incubator at 37 ◦C for 48 h. The solution of
each well was replaced with fresh serum free media and 10 �l
of MTT  reagent (5 mg/ml) was  added. After 4 h, the media was
removed, 200 �l DMSO was  added and incubated for 20 min. The
absorbance was  measured at 570 nm using Spectra Max  plus 384
UV–vis plate reader. The cell viability was  determined as a percent
based on the absorbance measured relative to the absorbance of
untreated or control cells. The half maximum inhibitory concen-
tration (IC50) values were determined by non-regression analysis
using GraphPad Prism v. 5.03 (GraphPad Software Inc. CA).

2.10. Stability studies

2.10.1. Storage stability
Doxorubicin loaded nanoparticles were stored at 4 ◦C and were

studied for particle size, zeta potential and drug content up to 1
month. Particle size and zeta potential were determined by par-
ticle size analyzer and DOX content was  determined using UV/vis
spectrophotometer.

2.10.2. Effect of pH and ionic concentration of medium
For the determination of effect of pH on the stability, DXGP

were incubated in different pH medium (pH 3–11). Nanoparti-
cles incubated in phosphate buffer saline pH 7.4 were taken as

control. Absorbance was  measured after 24 h and compared with
absorbance of control.

The effect of ionic strength on the stability of DXNP was
determined by incubating the nanoparticles in deionised water



4 rate Polymers 110 (2014) 1–9

c
(

2

c
w
a

2

e
i
t
w

3

3

m
c
0
T
t
T
m
i

t
v
s
n
c
s
d
5
X
w
1

p
t
H
m
a
c
c
b
a

3
n

o
i
4
d
w
(
p
a
s

0

0.2

0.4

0.6

0.8

1

1.2

800750700650600550500450400350300

A
bs

or
ba

nc
e

Wavelength  (nm)

90 ˚C
80 ˚C
70 ˚C
60 ˚C

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

800750700650600550500450400350300

A
bs

or
ba

nc
e

Wavelength  (nm)

1 h
2 h
3 h
4 h

a)

b)

Fig. 2. Effect of temperature (a) and reaction time (b) in the synthesis of XG stabi-
lized gold nanoparticles.
 D. Pooja et al. / Carbohyd

ontaining varying concentrations (0.1–2 M)  of sodium chloride
NaCl).

.10.3. Serum stability of DXGP
Serum stability of DXGP was evaluated at two different serum

oncentration levels (10%, v/v, and 100% serum). Nanoparticles
ere dispersed in serum and particles size, zeta potential and

bsorbance were measured at different time intervals up to 72 h.

.11. Statistical analysis

All the experiments were performed in triplicates. Data are
xpressed as Mean ± SD (standard deviation) (n = 3). The values of
n vitro drug release, cytotoxicity and stability studies were statis-
ically analyzed using student’s t-test. Statistical significance level
as set at p < 0.05.

. Result and discussion

.1. Preparation and optimization of gold nanoparticles

Gold nanoparticles were prepared by chemical reduction
ethod using xanthan gum as reducing agent. The role of gum

oncentration was studied by using gum solution in the range of
.5–2 mg/ml  containing 10 mM of HAuCl4 concentration (Fig. 1a).
he absorbance in the UV spectrum which describes the reduc-
ion of GNP, was found to be directly related to gum concentration.
he intensity of the absorption band gradually increased and the
aximum intensity of absorption was attained at 1.5 mg/ml which

ndicated the maximum gold nanoparticle concentration.
The effect of gold to gum volume ratio was evaluated by varying

he gum volume in the range of 2.5–10 ml  (Fig. 1b). At lower gum
olume (2.5 ml)  a peak shift was observed and the absorption band
hifted to 550 nm which suggested that lower gum volume was
ot sufficient to reduce all Au ions. When the gum volume was
hanged from 5 to 7.5 ml  followed by 10 ml,  there was no significant
hift in the characteristic absorption band but the absorbance was
ecreased. The maximum intensity of absorption was  attained at

 ml  and was considered optimum gum volume for the synthesis of
GNP. The effect of gold concentration (Fig. 1c) and volume (Fig. 1d)
as also studied and was found as per earlier reports. A volume of

00 �l of 10 mM gold solution showed better absorbance at 525 nm.
Reaction temperature and time are two important process

arameters in the synthesis on gold nanoparticles. In this study,
he temperature was changed in the range of 60–90 ◦C with 10 mM
AuCl4 concentration and 1.5 mg/ml  gum solution (Fig. 2a). The
aximum intensity of the characteristic absorption band was

ttained at 80 ◦C which indicates the maximum gold nanoparticle
oncentration. For the optimization of reaction time, nanoparti-
le synthesis was studied up to 4 h. The absorbance was found to
e increased up to 2 h and after that there was no change in the
bsorbance (Fig. 2b).

.2. Characterization of Xanthan gum stabilized gold
anoparticles

The hydrodynamic diameter and polydispersity index of
ptimized XGNP were determined using dynamic light scatter-
ng method. The observed mean hydrodynamic diameter was
1.2 ± 3.78 nm.  The prepared nanoparticles showed high poly-
ispersity (0.35–0.6) which can be attributed to presence of
ide range of particles. The high negative surface potential
−47.2 ± 2.59) indicated the high stability of nanoparticles and
resence of gum molecules on nanoparticle surface. The presence of
cetyl group on O-6 position and pyruvic acid linked with mannose
ugar are responsible for the negative charge. After DOX loading,
Fig. 3. Transmission electron microscopy (TEM) image of DOX loaded Xanthan gum
stabilized gold nanoparticles (DXGP).

the surface charge was decreased to −29.1 ± 2.78 mV indicating
the interaction between positively charged amine group of DOX
and negative acidic group of gum. The nanoparticle surface mor-
phology and actual particle size were determined by transmission
electron microscopy. Fig. 3 showed that nanoparticles were spher-
ical in shape and 15–20 nm in size.

The chemical interactions between DOX and nanoparticles were
studied by FTIR analysis (Fig. 4). In XG spectra, the vibration peak
of hydrogen bonded OH and C H stretching were observed at
3416 and 2902 cm−1, respectively. The vibration peak of the acetal

was found at 1051.8 cm−1 whereas C O stretching peak was  found
at 1728.4 cm−1. The FITR spectra of blank nanoparticles exhibited
all the characteristic peaks of XG at 3398, 1728 and 1042 cm−1.
The peak at 1254.2 cm−1 presented the C O C group. The DXGP
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SAB pH 4.5 is for the internal environment of cancer cell. Thus the
ig. 5. Differential scanning thermogram of (a) pure DOX (b) Dox loaded xanthan
um stabilized nanoparticles and (c) native xanthan gum.

howed principal IR peaks of both XG and DOX showing the non-
ovalent binding of DOX to nanoparticles.

DSC is a useful technique to explain the thermal stability and
hase transitions. Fig. 5 illustrates the DSC thermograms of pure
OX, native XG and DXGP. DSC scan of XG exhibited endothermic

ransition at 125 ◦C. The endothermic peak of DOX appeared at its
elting point 195 ◦C. This peak was disappeared in DXGP spectra

ndicating that DOX was not precipitated on nanoparticle surface
ut was present as molecular or amorphous dispersion.

.3. DOX loading

The observed doxorubicin loading was found to be 71.4 ± 2.53%.
he high drug loading can be attributed to presence of XG on the

anoparticle surface. Xanthan gum contains negatively charged
oieties such as pyruvic acid which interacts with positively

harged amine group of doxorubicin.
Fig. 6. In vitro drug release from DXNP in sodium acetate buffer pH 4.5 and phos-
phate buffer saline pH 7.4.

3.4. In vitro drug release studies

In vitro drug release from the nanoparticles was studied in PBS
and SAB buffer (Fig. 6). The nanoparticles showed complete drug
release within 10 h. Up to 4 h, there was  no significant difference
(p > 0.05) in doxorubicin release in both the medium but at the end
DOX release was  higher in SAB (98.1%) as compared to PBS (83.6%).
The faster release of DOX in SAB can be attributed to protonation of
amine groups of DOX molecules which increases hydrophilicity and
solubility at lower pH. The protonation of amine group also leads to
decreased interaction between DOX and GNP (Minati et al., 2012).
The PBS pH 7.4 is a simulated condition for blood plasma whereas
slower release of DOX in PBS and faster release in SAB would help
to release the maximum amount of drug in tumour and hence to
enhance the therapeutic efficacy of the formulation.
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.5. Hemolytic toxicity

Nanoparticles are reported to cause oxidative-stress induced
emolysis (Teodora, 2013). Therefore, the suitability for intra-
enous administration of nanoparticles is generally determined by
emolytic study. In this study, dose-dependent hemolytic toxicity
f xanthan gum stabilized gold nanoparticle was carried out. The
repared nanoparticles did not show hemolysis up to 200 �g/ml.

.6. Cytotoxicity studies

Anti-proliferative activity of doxorubicin loaded xanthan gum
tabilized gold nanoparticles (DXGP) and free DOX was studied in
549 human lung cancer cells. The cell viability was determined
y MTT  assay after 48 h of incubation with different concentrations
Fig. 7). Blank xanthan stabilized gold nanoparticles (BXNP) were
aken as positive control and did not decrease the cell viability at
ny test concentration. It suggested that the prepared nanoparti-
les were non-toxic and biocompatible. Drug loaded nanoparticles
howed concentration-dependent cytotoxicity. The cell viability
as decreased with the increase in DOX concentration. The IC50

alue for pure DOX and DXGP was 2.46 and 0.79 �g/ml, respec-
ively. The lower IC50 value of DXGP indicated the more cytotoxicity
hich can be attributed to enhanced cellular uptake and hence

ncreased intracellular drug concentration. However, the exact
echanism and role of carbohydrate moieties present on nanopar-

icle in cellular uptake require detailed investigation. One possible
eason may  be due to the presence of mannose sugars in the compo-
ition of xanthan gum which was used for the stabilization of GNP. It

s documented that mannose receptors are up regulated in human
ung cancer cells A549 (Basuki et al., 2014; El-Boubbou et al., 2010).
asuki et al. reported the improvement in cell uptake of mannose

unctionalized iron nanoparticles in human lung cancer cells A549.
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Fig. 7. Percent cell viability of A549 human lung cancer cells after 48 h of treatment
with free DOX, BGNP and DXNP (mean ± SD, n = 3).

Hence, the presence of mannose in xanthan gum might have con-
tributed to increase in uptake of drug through receptor-mediated
endocytosis pathway.

3.7. Stability studies

The colloidal stability of DXGP was studied for both physical
and chemical stabilities. The change in particle size and zeta poten-
tial are shown in Fig. 8. No significant (p > 0.05) changes in particle
size and zeta potential were observed up to 15 days. But, chemi-
cal degradation of DXNP was  faster than physical instability. The
DOX content was less than 90% within 24 h. However, the DOX

degradation was  slower with DXGP in comparison to pure DOX.
The observed drug degradation rate constant (K) was  8.28 × 10−3

and 5.07 × 10−3 day−1 for pure DOX and DXGP (Fig. 8c). Therefore,
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ecease in drug content was due to light sensitivity of DOX itself
ot because of formulation.

DXGP showed a wide range of pH stability (pH 5–9). The
bserved absorbance of DXGP at 480 nm was 1.109, 0.899, 0.908,
.927 and 0.776 for pH 3, 5, 7, 9 and pH 11 respectively (Fig. 9a). The
bsorbance of control sample was 0.931. The results suggested that
G or carbohydrate capping of nanoparticles helped to increase the
olloidal stability of gold nanoparticles. The decrease in absorbance
t pH 11 may  due to gel formation properties of XG at higher pH
evels (pH > 10) (Sharma et al., 2006).

In other study, DXGP were treated with different NaCl concen-
ration to determine the stability of nanoparticles in varying ionic
oncentrations. Fig. 9b showed the absorbance pattern of DXGP
fter 24 h of incubation with different NaCl concentrations. The
ontrol group was incubated in deionised water without NaCl. The
XGP were found to be stable up to 0.5 M NaCl concentration.

The stability of DXGP was further evaluated at two serum
onditions-diluted (10%, v/v serum) and undiluted or 100% serum.
ig. 10a showed the particle diameter of DXGP exposed to serum,
fter different time period. In both the conditions, particle size
as increased continuously up to 72 h. But, the increase in par-

icle diameter was more in undiluted serum than diluted serum.
fter 2 h, particle size was increased by 7.1 nm in 10% serum while

t increased by 31.5 nm in 100% serum. From the Fig. 10a it is clear
hat DXGP were stable up to 24 h in both the conditions but after
hat size of nanoparticle was increased tremendously. The increase
n particle size can be explained by the adsorption of serum pro-
eins or other components on nanoparticle surface. (Yang, Zhang,
ang, White, & Jiang, 2009; Zhang & Zhang, 2010). The nanoparticle
ispersion in distilled water had a high negative zeta poten-
ial of −30.2 mV  and thus the electrostatic interactions between
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Fig. 9. Effect of pH and ionic strength on the stability of DXGP.
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lectronegative nanoparticles and positive serum components can
lso not be ruled out. This possibility was well supported by the zeta
otential values observed after addition in to serum (Fig. 10b). Zeta
otential of nanoparticle was increased (less negative values) dra-
atically due to charge neutralization. After 24 h, surface charge of
XGP was −18.2 and −14.5 mV in 10% and 100% serum, respec-

ively. Higher zeta potential in 100% serum indicated the more
nteractions between nanoparticles and serum proteins leading to
igher particle size.

The change in absorption pattern of DXGP with time was also
bserved over the range of 350–750 nm.  Interestingly, the absorp-
ion pattern in diluted serum (Fig. 10c) was similar to that of spectra
bserved throughout the study but new absorption spectrum was
bserved in 100% serum (Fig. 10d). It may  be due to, as earlier
entioned, adsorbed or electro-statically interacted serum compo-

ents. However, no change in absorption spectra was observed up
o 24 h in both serum conditions. Overall, DXGP were stable physi-
ally and chemically up to 24 h even under the extreme conditions
f serum.

. Conclusions

The applications of gold nanoparticles as multifunctional vehi-
le (drug delivery carrier, imaging) are increasing because of ease
f synthesis, biocompatibility and opportunity for surface conju-
ation. In this investigation, gold nanoparticles were synthesized
sing natural and biocompatible Xanthan gum as reducing and cap-
ing agent. Xanthan gum at very low concentration of 1.5 mg/ml
onverted the ionic gold to neutral gold particles with a parti-
le size of 15–20 nm.  Nanoparticles were found to be non-toxic
nd biocompatible in hemolysis study. Doxorubicin was  loaded to
he nanoparticles through non-covalent interaction. The prepared
arbohydrate-rich gold nanoparticles showed high drug loading,
ood colloidal stability and enhanced cytotoxicity in A549 lung
ancer cells. High physical stability of gum stabilized nanoparticles
an be attributed to steric repulsion among the particles provided
y same charge of gum moieties present on the nanoparticle sur-
ace. Receptor-mediated endocytosis of nanoparticles could be a
eason for better anticancer activity of DXGP than free drug. Pres-
nce of mannose in xanthan gum might have contributed this effect.
ence, natural gum based approach could be a better method for

he synthesis of gold nanoparticles.
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