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Kiroula, ef al.: Glutathione-modified Gold Nanoparticles of Ganciclovir

This article reports that ganciclovir-loaded gold nanoparticles were developed via glutathione surface
modification. Citrate-reduced gold nanoparticles were prepared first from chloroauric acid. Further the surface
of gold nanoparticles was modified with glutathione. Then ganciclovir was loaded onto the glutathione-modified
gold nanoparticles through the reaction between carboxyl group of glutathione and amino group of ganciclovir.
Gold nanoparticles were characterized by photon correlation spectroscopy, transmission electron microscopy
and infrared spectroscopy. Drug loading of 87.27+2.52% was observed for ganciclovir-loaded gold nanoparticles.
The particle size distribution of gold nanoparticles ranged from 26.3 to 31 nm. Thus ganciclovir-loaded gold
nanoparticles were successfully prepared, which might further improve the oral bioavailability of ganciclovir.
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nanoparticles

Nanocarriers such as dendrimers, liposomes and
polymeric nanoparticles have been successfully
utilized for delivery of active drugs in order to achieve
improved bioavailability, targeted delivery, toxicity
reduction and improved biodistribution!*. Metal
nanoparticles gain attention of researchers for both
diagnostic and therapeutic applications®®. More
size monodispersity, light absorption and emission
tunability with possibility of surface modification are
some attractive features of metallic nanoparticles.
Recently gold nanoparticles (AuNPs) are also being
widely investigated for therapeutic and diagnostic
applications”.  AuNPs exhibit unique optical
properties and uniform size distribution in nanometre
range. AuNPs also possess strong binding affinity
towards organic molecules containing thiol and amine
groups®!'%. Drug conjugation with AuNPs can be
achieved either by direct conjugation of drug with
AuNPs or by drug conjugation with surface modified
gold nanoparticles!!"'4l, Also electrostatic or hydrogen
bond attachment of drug with AuNPs may be a better
strategy than covalent linkage!'*!. Venkatpurwar et a/.!'*!
reported attachment of doxorubicin with porphyran
reduced AuNPs by electrostatic interaction. Mirza et
al.l" also reported direct conjugation of doxorubicin
by electrostatic binding of protonated amine group of
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doxorubicin with negatively charged citrate-reduced
AuNPs.

In this paper we also tried to conjugate ganciclovir
(GCV) with AuNPs. GCV is a synthetic purine
nucleoside analogue of guanine and is effective for
treatment and chronic suppression of cytomegalovirus
(CMV) retinitis in immune compromised patients and
for prevention of CMV disease in transplant patients!'®],
GCV is a weak base having poor oral bioavailability
(6-7%) due to its highly polar nature!"”.. Due to poor
oral bioavailability, currently GCV is given orally at
dose of 1000 mg thrice a day. Nanoparticles have been
used as a physical approach to alter and improve the
pharmacokinetic and pharmacodynamic properties of
various types of drug molecules. Thus the major aim of
present study is to develop AuNPs based formulation
of poor bioavailable drug GCV, which may further
enhance its oral bioavailability as well as reduction in
dose and dose-related side effects.
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In order to conjugate GCV to AuNps, surface
modification of AuNps was required. Zhang et al.!*
also conjugated folic acid with glutathione (GSH)
modified AuNPs. GSH is a natural tripeptide containing
thiol, amino and carboxylic groups. Simpson et al.*"
found that glutathione-coated AuNPs showed low
immunogenicity and better biocompatibility. Thus
present study also investigated the functionalization
of AuNPs with glutathione for subsequent conjugation
with GCV.

MATERIALS AND METHODS

GCV was obtained as gift sample from Unimark
Remedies Ltd. (Vapi, India). Chloroauric acid (HAuCl,)
and sodium citrate were purchase from Sigma-Aldrich
(Bangalore, India). GSH was purchased from Hi Media
Ltd. (India). Other chemical and solvents were also of
analytical grades.

Synthesis of citrate-reduced gold nanoparticles
(citrate-AuNPs):

Citrate-AuNPs were synthesized using HAuCl, and
sodium citrate according to the Turkevich method®!),
Briefly, 50 ml of 0.58 mM HAuCl, was boiled in a
conical flask under continuous stirring, 1 ml of 52.6
mM sodium citrate was added and heated for another
15 min. The solution was further allowed to cool at
room temperature and kept for next 24 h.

Surface modification of synthesized citrate-reduced
gold nanoparticles by GSH (AuNPs-GSH):

After the completion of synthesis of citrate-reduced
gold nanoparticles, surface modification was done on
freshly prepared citrate-AuNPs. Surface modification
was done by GSH. Briefly 300 pl of 0.05 M solution of
GSH was added to 50 ml of citrate-AuNPs and kept for
next 12 h under stirring!®! The resulted suspension was
further dialysed (12 kD) for next 12 h to remove excess
GSH molecules.

Preparation of GCV-loaded AuNPs-GSH:

A stock solution of GCV was prepared in 0.1 N NaOH
and treated with AuNPs-GSH. The appropriate amount
of drug solution was added to AuNPs-GSH and pH was
maintained between 5-8. This solution was kept under
stirring at room temperature for next 24 h.

UV analysis of AuNPs:

The UV analysis was determined by scanning the
freshly  prepared citrate-AuNPs, AuNPs-GSH,
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and drug-loaded citrate-AuNPs using the UV/Vis
spectrophotometer (Systronics, Ahmedabad, India)
which ranges from 400-800 nm!?*.,

Drug loading:

Briefly 4 ml of 0.01 M GCV solution in 0.1 N NaOH
was added to 6 ml of AuNPs-GSH. The pH was
maintained between 5-8 using 0.1 N NaOH. After 24
h time period under stirring, the conjugate dispersion
was centrifuged at 10000 rpm in a cooling centrifuge.
Drug loading was calculated by estimating the GCV
content of the supernatant.

The drug concentration in supernatant was
determined by a reverse-phase high performance
liquid chromatography (RP-HPLC) method with UV
detection. The HPLC system was Waters having a
C , reverse phase analytical column (Waters, 250x4.6
mm). According to the UV/Vis absorption profile of
GCV, UV detection was determined at 254 nm. The
mobile phase consisted of 5% acetonitrile (v/v) and
95% 100 uM sodium phosphate (v/v). The flow rate
of mobile phase was maintained at 1 ml/min®*! and
the injection volume was 20 pl. The percentage drug
loading of GCV in GCV-loaded AuNPs-GSH was
estimated by the following formula, (Total amount of
GCV added — amount of GCV in supernatent)/(Total
amount of AuNPs added)x100

FTIR analysis:

Fourier transform infrared (FTIR) spectra were
obtained by Thermonicolet Nexus spectrometer.
Samples were pressed into potassium bromide (KBr)
pellets and recorded at frequencies from 4000 to 200
cm™ with resolution of 4 cm..

Chemical test identification for GCV:

GCV-loaded AuNPs-GSH were centrifuged by
cooling centrifuge at 10 000 rpm. The supernatant
was removed and nanoparticles were redispersed in
distilled water. 1 ml of 1 M NaOH and 1.5 ml of M
potassium permanganate were added to nanodispersion.
Reaction mixture was allowed to stand for 10 min after
vigorous shaking. The mixture was than scanned in UV
spectrophotometert?®,

Particle size and zeta potential determination:

The average particle size and polydispersity index (PDI)
of nanopartices were determined by photon correlation
spectroscopy (PCS) technique using Beckman coulter
Delsa™ Nano Common. 1 ml nanoparticles dispersion
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was diluted up to 10 ml with distilled water to reduce
opalescence during particle size measurement??’),
Beckman coulter Delsa Nano Common was also used
for zeta potential measurement of nanoparticles.

TEM analysis:

All samples for TEM analysis were examined in
Technai G2 S-TWIN and images were obtained at 120
Hz, respectively. A single drop of gold nanoparticles
dispersion was deposited on a copper grid and then
dried in air before imaging. Both Citrate-AuNPs and
GCV-loaded AuNPs-GSH were analysed for TEM
images.

In vitro drug release of the conjugates:

The release study was carried out using dialysis bag
of 12-15 kD cutoff. The suspension was filled inside
the dialysis bag and tied at both the end. The bag
was suspended in a beaker containing 200 ml release
media®]. The conjugates were examined in 0.1 N
HCI for first 2 h and in phosphate buffer pH 6.8 for
next 5 h with rotation speed at 50 rpm. 5 ml volume
of dissolution media was withdrawn after given time
interval and replaced with fresh medium. Samples
were determined and the concentrations of the drug
were also determined using HPLC.

RESULTS AND DISCUSSION

Colloidal dispersion of AuNPs was prepared by
reduction and stabilization of HAuCl, with sodium
citrate. The formation of ruby coloured dispersion
was an indicator of nanoparticles formation®. Fig.
1 shows various stages of citrate-AuNPs formation,
characterized by colour change from yellow to dark
black and finally to ruby red colour. Different sizes of
gold nanoparticles exhibit different colors. Ruby red

color of dispersion indicates AuNPs size is less than
50 nM. Formation of blue or black gold dispersion
associated with larger size nanoparticles formation,
Further, Gold nanoparticles exhibit a unique surface
plasmonic resonance (SPR) in visible region. The SPR
depends on the particle size distribution of AuNPs. The
maximum wavelength for citrate-AuNPs was observed
at 523.9 nm which indicates small size distribution as
well as good stability of nanoparticles®®.

The FTIR spectra fig. 2 of citrate-AuNPs depicted
characteristic bands of citrate at 3451.71, 1595.54,
1397.97 cm’!. Presence of signal at 3451.71 cm
was assigned to the stretching vibration of OH group
and the band at 1595.54 cm™ was indicative of C=0
stretching of carboxylate ions of citrate.

The surface of citrate-AuNPs was further modified by
GSH. GSH consists of thiol groups due to presence
of cysteine moiety®]. Citrate ions were replaced by
GSH molecules through strong Au-S bond. Similar
thiol capping was also reported by several authors!*!-32,
Further, change in color of gold suspension was
observed with gradual addition of 0.05 M GSH
solution. No change in ruby colour of gold suspension
was observed upto 300 pl addition of 0.05 M GSH
solution. Further addition of GSH solution was resulted
in colour change from ruby to blue, which might be due
to the aggregation of AuNPs. The surface modification
with GSH was further confirmed by FTIR of GSH-
AuNPs. FTIR spectra of pure GSH and GSH-AuNPs
were compared in fig. 2. The spectrum of GSH-AuNPs
was identical to pure GSH spectrum which suggested
presence of GSH molecule at gold nanoparticles
surface.

Further, AuNPs-GSH was treated with GCV solution
while the pH was kept at 6.7. At this pH the amine

(a) Gold Chloride Solution

(b) Reduced form

Stabilized
iGold Nanoparticles

Fig. 1: Various stages of synthesis of citrate-AuNPs.

Flasks containing (a) gold chloride solution, (b) reduced form of gold solution, (c) stabilized gold nanoparticles
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Fig. 2

FTIR spectrum of (a) citrate-AuNPs (b) GSH (¢) GCV (d) AuNPs-GSH and (e¢) GCV-loaded AuNPs.
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groups of GCV remains protonated and carboxyl
groups of GSH remain deprotonated. Drug loading
onto AuNPs-GSH was achieved through electrostatic
attraction between cationic amine group of GCV
and anionic carboxyl groups of GSH (fig. 3). The
drug loading of 87.27£2.52% (n=3) was observed
for GCV-loaded AuNPs-GSH. Loading of GCV was
also confirmed by chemical test. Formation of green
color with characteristic band at 602 nm confirmed
the presence of GCV. This GCV loading on to GSH-
AuNPs was further confirmed by FTIR (fig. 2). All
the characteristic peaks of GCV were also found in
GCV loaded AuNPs-GSH. Venkatpurwar et al.l'% also
reported possibility of hydrogen bonding in addition
to electrostatic interaction between protonated amine
group and anionic gold nanoparticles. GCV-loaded
AuNPs-GSH were also kept at room temperature in
closed glass vial to study stability of nanoparticles for
24 h. No colour change was observed visually for GCV-
loaded AuNPs-GSH. Also no significant change in
absorption wavelength was observed in SPR spectrum

of GCV-loaded AuNPs-GSH which further prove the
stability of GCV-loaded AuNPs-GSH.

Particle size distribution of gold nanoparticles was
determined by photon correlation spectroscopy (fig.
4). The average hydrodynamic diameter of citrate-
AuNPs (n=3) was found 26.3+0.59 nm with PDI of
0.275. AuNPs-GSH (27.2540.98 nm) and GCV-loaded
AuNPs-GSH (31#1.3 nm) were having small increase
in the hydrodynamic diameter. The surface modification
with GSH and GCV might result in increase in electric
double layer thickness which also increase diameter.
This slight increase was also observed in SPR of gold
nanoparticles. The red shift of 6 nm was observed for
GCV-loaded AuNPs-GSH. However, in TEM images
no difference in particle size was observed this might
be due to measurement of only electron dense gold
core in TEM analysis (fig. 5)*%. TEM micrograph of
gold nanoparticles indicates that the gold nanoparticles
were uniformly dispersed with spherical shape. Similar
high order of uniformity (PDI=0.275) with gold
nanoparticles was also reported earliert'!),

e ~
o i
COOH . N C—NH—|GCV
)
H N)\ N ", HN
2 CH,OCHCH,OH /
GCV |
CH,OH ‘r"
[ > emﬂ
HN
c=0
H:N.CH—COOH H2N.CH=— ﬁ—NH
0
GSH modified Gold Nanoparticle GCV conjugated Gold Nanoparticles
\. J
Fig. 3: Reaction scheme for GCV loading with GSH modified citrate-AuNPs.
g 100 Cumulants Results
S Diameter (d) :263 (nm)
-‘g s Polydispersity Index (P.1.) : 0.275
z Diffusion Const. (D) :1.868e007  (cm?/sec)
E 50
E Measurement Condition
é - Temperaure :25.0 (°C)
a Diluent Name :WATER
|‘ Refractive Index :1.3328
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Fig. 4: Particle size distribution for citrate-AuNPs.
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Fig. 5: Transmission electron microscopic images.
TEM images of (a), (b) citrate-AuNPs and (c), (d) AuNPs-GSH

Zeta potential is considered as indicator of stability of
nanoparticles. The zeta potential of citrate-AuNPs was
—11.87 mV. This negative value was due to presence of
three deprotonated anionic carboxyl groups of citrate
ion. Further surface modification resulted in reduction
in zeta potential to —10.26 mV due to replacement of
citrate ion with GSH. GSH carries two deprotonated
anionic carboxyl groups and one protonated cationic
amine group. Thus cationic amine group nullified charge
of one carboxyl group of GSH and in comparison to
citrate-AuNPs, the AuNPs-GSH carries less negative
charge!. With GCV loaded AuNPs-GSH, higher
value of —14.61 mV was observed. The protonated
amine of group of GCV reacts with carboxyl group of
GSH (pKa=2.12) and net negative charge might be due
to presence of two anionic hydroxyl groups of GCV
(pKa*#e=9 15, pKa"*=3.05). Thus both FTIR and zeta
potential results confirmed the surface modification as
well as GCV loading on to AuNPs-GSH.

In drug release study, initially within two h, 11.68+2.1%
drug was release in 0.1 N HCI. This high initial drug
release might be due to high solubility of GCV in 0.1
HCI. However, after 5 h. only 42.874+3.3% drug was

May - June 2016

released. Researchers also proved that nanoparticles
having size range below 300 nm are also absorbed
well through GI tract via Payer’s patch®*34. The
purpose of in vitro release study was also to check the
stability of drug conjugation with gold nanoparticles.
This suggest, GCV-conjugated AuNPs have enough
time to get absorbed and remain circulated for longer
durations. Although complete fraction of drug was not
released in PBS buffer under in vitro conditions but
higher drug concentration might be achieved in actual
in vivo conditions under enzymatic environment.

Surface modification of citrate reduced gold
nanoparticles was achieved by removal of citrate ions
by GSH molecules through Au-S bonding. GCV was
successfully loaded with surface modified AuNPs.
The FTIR and zeta potential characterization of AuNP
confirmed the GCV loading onto AuNPs. Further low
drug release profile indicates that GCV-loaded AuNPs
remain available for absorption across the GI tract.
This may further improve the bioavailability of GCV
through AuNP mediated drug delivery.
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