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Increasing the limit of dispersion of metal-free phthalocyanine (H2Pc) in an aqueous medium using biosynthetic
gold nanoparticles for photodynamic therapy (PDT) is investigated. Gold nanoparticles (Au NPs) are
biosynthesized in one step using Potatoes (Solanum tuberosum) extract and are characterized by UV/VIS spectro-
photometry, Fourier transformer infrared spectroscopy (FTIR), and transmission electronmicroscopy (TEM). The
metal-free phthalocyanine is conjugated to the surface of the gold nanoparticles in a side to side regime through
the secondary amine groups of H2Pc. The clear violet solution of phthalocyanine-gold (Pc-Au) nanoconjugates is
investigated by UV–VIS, FTIR and TEM techniques. Disappearance of the absorption band of the secondary amine
in the Pc-Aunanoconjugates compared to that of the parent H2Pc, and detection of the absorption band ofH2Pc in
the aqueousmedium confirmed the dispersion of H2Pc and consequently the loading of H2Pc on the surface of Au
NPs. The cytotoxic effect of biosynthetic gold nanoparticles and Pc-Au nanoconjugates compared to chemically
synthesized gold nanoparticles on buffalo epithelial cells has been studied in vitro. Interestingly, the results
showed that the biosynthetic Au NPs as well as Pc-Au nanoconjugates have no effect on buffalo epithelial cells
viability, which indicating their biocompatibility contrary to the chemically synthesized Au NPs. This work will
open the door, for the first time, for using H2Pc suspended in water for PDT and other phototherapeutic
applications.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Phthalocyanines (Pc) are versatile molecules normally used as pho-
tosensitizers. These molecules have strong absorption at short and long
wavelength ends of the visible spectrumand are thuswell suited for op-
tical applications [1]. Phthalocyanines compounds have unique proper-
ties due to their highmolar absorption coefficient ε (ca. 105M−1 cm−1)
in the red part of the spectrum (600–760 nm), which allows increased
tissue penetration of the activating light [2]. In addition, low toxicity
of phthalocyanines makes them promising agents for PDT applications.
Most studies have used phthalocyanine derivatives as hydrophilic pho-
tosensitizers. For instance, zinc phthalocyanine (ZnPc), aluminum
phthalocyanine (AlPc), silicon phthalocyanine dichloride (SiPcCl2) and
copper phthalocyanine (CuPc) have been examined [3].

On the other hand, there are many photosensitizers of hydrophobic
nature, such as mesotetra porphyrin, bacteriochlorophylla, verteporfin,
methylene blue, hypericin and metal-free phthalocyanines. In order to
anced Science, Cairo University,
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overcome the problems associatedwith solubility of such kind of photo-
sensitizers, they have been encapsulatedwithinwater soluble polymers
[4]. Thus, it is very interesting to develop a drug delivery system based
on utilization of nanocarriers to facilitate the injection of hydrophobic
photosensitizers and targeting the irradiated tissue at the absorbance
maximum of the dye.

Nanobiotechnology refers to the intersection of nanotechnology
with biology that has been playing an important role in the field ofmed-
ical science, biochemical applications, and bioelectronics [5]. The field of
nanotechnology is nowadays undergoing rapid development on many
rows; through nanoscale drug carriers such as biosynthetic metal nano-
particles that enabled more efficient and safer delivery of drugs [6]. Re-
cently, scientists explored different approaches for delivering multiple
therapeutic agents with drug nanocarrier keeping their unique chemi-
cal and physical properties. Gold nanoparticles (Au NPs) have been
used successfully for the delivery of the readily available photosensi-
tizers such as titanium oxide, protoporphyrin IX, and phthalocyanine
derivatives [7].

Novel program is being investigated to get the better of the present
barrier of PDT, including the development of a second generation pho-
tosensitizer with improved photochemical and tumor localizing
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properties. A lot of the second generation photosensitizers are hydro-
phobic, typically exhibit better tumor targeting and virtually PDT suc-
cess [8]. Hone and others have developed Au NPs as carriers of
hydrophobic phthalocyanines modified with special function groups
to be easily attached to the surface of the nanocarriers [9]. In order to at-
tach the phthalocyaninemolecule to the gold surface, the photosensitiz-
er has been derivatized with a thiol moiety. The thiol extends a direct
linkage to the Au NPs surface through self-assembly. In such studies,
rather than the photosensitizer being encapsulatedwithin the nanopar-
ticle carrier, the photosensitizer is bound to the surface of the AuNPs via
a thiol tether specifically designed [10]. The loading of the thiol-termi-
nated phthalocyanine on the Au NPs surface enables the hydrophobic
phthalocyanine to dissolve in polar solvents. Moreover, the hydropho-
bic character of the photosensitizer is maintained so that the conjugates
retain the enhanced tumor targeting and high PDT efficacy. The solubil-
ity and the overall size of the phthalocyanine-nanoparticle conjugates
are essential features as they enable the delivery and the subsequent in-
ternalization of the conjugates by the cells. Additional, singlet oxygen
does not need to diffuse out as in case of the polymeric/silica nanopar-
ticle structure for per encapsulated photosensitizers [11].

To the best of our knowledge, there isn't any study about the un-
modified metal-free phthalocyanine (H2Pc) or even the direct link of
H2Pc to the surface of a nanocarrier and formation of nanoconjugation.
In an attempt to overcome the present limitations of PDT in terms of a
need for a vehicle to deliver the drug to the tumor tissue and reduce
the toxicity of the phthalocyanine derivatives, we present the current
work about the successful conjugation between Au NPs and the hydro-
phobic unmodified H2Pcwith subsequent dispersion of H2Pc in aqueous
medium. Owing to the wide range of applications offered by metallic
nanostructure in different fields of science and technology, various pro-
tocols have been designed for their formation [12]. Different chemical
and physical synthesis methods are employed in the production of
metal nanoparticles. However, these methods use expensive and toxic
reagents as reducing and stabilizing agents, and it is very likely that
trace amounts of unreacted reagents remain in the solution. Additional-
ly, many problems are often accomplished with the stability, growth
and aggregation of the prepared nanoparticles [13].

Nowadays, there is a growing need to develop an environmentally
friendly conditions for the synthesis of nanoparticles without using
toxic chemicals in the synthesis protocols to avoid adverse effects in
medical applications with controlled size and shape in high yield and
high purity [14]. The biosynthesis of nanoparticles has been at the cen-
ter of attention as a green and benignmethod in recent years [15]. In bi-
ological methods where synthesis is carried out by microorganisms,
several types of bacteria, yeast and fungi show high ability to synthesize
various metallic nanoparticles. Elucidation of the mechanism of plant-
mediated synthesis of metal nanoparticles is a very promising area of
research. The biosynthetic methods employing plant extracts have re-
ceived attention as being simple, eco-friendly and economically viable
compared to the microbial systems of high pathogenic hazards [16]. It
has been demonstrated that Au NPs can be used as efficient drug deliv-
ery both in cancer diagnostics and in cancer therapy, as Au NPs show
high stability, good biocompatibility, and high surface area. The func-
tionality of the Au NPs can be further enhanced by assembling
photoactive molecules on their surfaces [17].

Recently, with increasing the potential use of Au NPs in the field of
biomedical and industrial applications, a great attention has been paid
to study their nanotoxicity [18]. Many studies have reported the toxicity
of Au NPs in vitro, and in vivo [19]. In vitro studies have shown that Au
NPs is cytotoxic at relatively high concentrations depending on physical
dimension, surface chemistry, and shape of the Au NPs. In general,
nanoparticles (NPs) may be expected to be more toxic than larger par-
ticles for many reasons; NPs have a higher alveolar deposition leading
to prolonged retention, they can go to the lung and enter the blood or
lymphatic circulation and their larger surface to mass ratio should lead
to faster dissolution compared to larger bulk sized particles [20].
In the current manuscript, we report on the biosynthesis of gold
nanoparticles as well as the conjugation between the biosynthesized
Au NPs and the hydrophobic unmodified H2Pc to avoid any chemical
hazards and reduce the toxicity. Moreover, we carry out an in vitro tox-
icity study using biosynthesis Au NPs of 12 nm size as well as Pc-Au
nanoconjugates of 20 nm size.

2. Materials and methods

2.1. Materials

All solutions of reactingmaterials were prepared in deionized water
provided by a Milli-Q water purification system. All the glassware were
washed with aqua regia (HCl:HNO3 = 3:1 (v/v)) and then rinsed with
deionized water. Chlorauric acid (HAuCl4), sodium borohydride
(NaBH4), cetyltrimethylammonium bromide (CTAB), L-ascorbic acid
(L-AA), phthalocyanine (C32H18N8), dimethylformamide (DMF), polyvi-
nylpyrrolidone (PVP) and sodium hydroxide (NaOH) have been pur-
chased from (Sigma-Aldrich, St. Louis, Missouri, USA). Fresh potato
(Solanum tuberosum) was purchased from the local market.

2.2. Chemical synthesis of Au NPs

2.2.1. Preparation of Au NPs capped by CTAB
CTAB-capped Au-NPs were synthesized by seed-mediated method

with two-step procedures [21]. Firstly, 5 mL of (2.5 × 10−4 mol/L)
HAuCl4 was prepared with freshly prepared (3.0 × 10−3 mol/L) ice-
cold NaBH4 in the presence of (7.5 × 10−2 mol/L) CTAB. After mixed
vigorously for about 30 s, the mixture rapidly changed into light-
brown suspension. This mixture was used as seeds for further synthesis
of Au-NPs after 2 h. Secondly, 10 mL growth solution was prepared by
the reduction of (2.0 × 10−4 mol/L) HAuCl4 with freshly prepared
(6.0 × 10−3 mol/L) L-AA in the presence of (1.6 × 10−3 mol/L) CTAB
and gently mixed by inversion, with changing in color from orange to
colorless immediately. This has been followed by adding 2 h-aged
gold seed solution prepared firstly with subsequent change of the
color to red gradually. Finally, the mixture was left undisturbed for
24 h. The produced Au NPs were collected and purified by centrifuga-
tion at 3000 rpm for 15 min. The process of centrifugation and re-dis-
persion was repeated many times.

2.2.2. Preparation of Au NPs capped by PVP
PVP-capped Au-NPs were synthesized by reducing a solution of

10−3 M HAuCl4 (100 mL) with 300 mL of vigorously stirred ice-cold 2
× 10−3 M NaBH4 [22]. A solution of 1% PVP (50 mL) was added during
the reduction. The mixture was then boiled for ca. 1 h to decompose
any excess of NaBH4. The gold nanoparticles prepared were pink and
had absorption maximum at 520 nm. The synthesis Au NPs were
washed and purified by centrifugation at 13000 rpm for 30 min. The
process of centrifugation and re-dispersion was repeated three times.

2.3. Biosynthesis of Au NPs

The biosynthesis of Au NPswas performed in a simpleway using po-
tatoes extract. For preparation of potatoes extract, about 20 g of peeled
potatoes slices were put in a flask supported with 100mL of double dis-
tilled water for a time and then filtered until have clear solution. After-
wards, the pH of the solutionwas adjusted to be 10.5. A stock solution of
HAuCl4 (10 mM) was prepared by dissolving a carefully weighed quan-
tity of HAuCl4 in d.d. water. 3 ml from 10mM stock solutions of HAuCl4
was added to the clear solution of the potatoes extract to obtain final
concentration of 0.3 mM. Upon stirring at 100 °C and after 10 min, the
yellow solution turned pink which indicate the reduction of Au3+ and
production of Au NPs. The biosynthesized Au NPs were collected and
purified from potatoes residue by centrifugation at 3000 rpm for
15 min. The process of centrifugation and re-dispersion was repeated
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three times. The chemical composition of the potatoes extract was iden-
tified using GC–MS analysis. The biosynthesized AuNPswere character-
ized by UV/VIS spectrophotometry, Fourier transformer infrared
spectroscopy (FTIR), and transmission electron microscopy (TEM).

2.4. Preparation of metal-free phthalocyanine – gold (Pc-Au)
nanoconjugates

The loading process of the H2Pc on Au NPs was performed in very
facileway. 5mL of colloidal gold nanoparticles was transferred to sever-
al sterile tubes containing different weights of H2Pc (0.0003, 0.0005 &
0.001 g). The dispersion of H2Pc in the presence of Au NPs was achieved
by sonication for 15 min. The clear violet color was detected and the
loading of H2Pc on the surface of Au NPs was confirmed by UV–VIS,
FTIR and TEM techniques.

2.5. Characterization techniques

2.5.1. GC–MS analysis
Identification of Potatoes extract was performed in a gas chromato-

graph (Agilent GC-6890N), equipped with an Agilent mass spectromet-
ric detector, with a direct capillary interface and fused silica capillary
column PAS-5 ms (30 m × 0.32 mm× 0.25 μm film thickness) (Agilent,
Palo Alto, CA, USA). Samples were injected under the following
conditions:

Helium was used as a carrier gas at approximately 1.0 mL/min,
pulsed splitless mode. The solvent delay was 3 min, and the ionization
size was 1.0 μL. The mass spectrometric detector was operated in elec-
tron impact ionization mode with an ionizing energy of 70 electron
volte (eV) scanning from 50 to 500 (m/z). The ion source temperature
was 230 °C. The electron multiplier voltage (EM voltage) was main-
tained at 1650 V above auto tune. The instrument was manually tuned
using perfluorotributyl amine (PFTBA). The GC temperature program
was started at 60 °C (2 min) them elevated to 300 °C and rate of 5 °C/
min. The injector temperature was set at 280 °C. Using computer
searches on a NIST Ver.2.1 MS data library and comparing the spectrum
obtained through GC–MS, compounds present in potatoes extract were
identified.

2.5.2. UV–Vis spectroscopic analysis
The color change in the reactionmixture (metal ion solution+pota-

toes extract) was recorded through visual observation from colorless to
pink. The formation of NPs was monitored by UV–Vis spectroscopy. For
absorption measurements, aliquots (200 μL) of the resulting NPs were
transferred to 96-well plates, and absorptions were recorded within
scan range of 300:700 nm using UV–visible Power Wave microplate
spectrophotometer (BioTech, Vermont, USA).

2.5.3. TEM measurements
TEM micrographs were obtained using a JEOL 200 CX (Akishima,

Tokyo, Japan) at 200 kV. A droplet of each sample was placed on a cop-
per grid and allowed to dry before being examined in the transmission
electron microscope. The TEM images were analyzed using the Image-
Pro Plus and Gatan Digital Micrograph program (Yubinbango103-0027
Nihonbashi, Chuo-ku, Tokyo, Japan).

2.5.4. Zeta potential measurements
The surface charge of Au NPs before and after loading of H2Pc was

determined by measurement of zeta potential. The zeta potential was
determined using theMalvern Zetasizer Nano ZS 300 HAS (Malvern In-
struments, Malvern, UK) at 25 °C and at a 12° angle based on photon
correlation spectroscopy. Analysis time was 60 s and the average zeta
potential was determined. The zeta potential of nanoparticulate disper-
sion was determined as such without dilution [23].
2.5.5. FTIR analysis
The FTIR investigations were carried out with a Scimitar Series FTS

2000 Digilab spectrophotometer (Marlborough, MA, USA) in the range
of middle infrared of 4000–400 cm−1. For IR spectroscopy, 0.0007 g
sample was pressed with 0.2 g of KBr Uvasol® purchased from Merck,
Germany. The number of scans was 16 at a resolution of 4 cm−1 in
these measurements.
2.5.6. Cell cultures
Buffalo epithelial cells (primary culture source: an ear of Egyptian

buffalo cultured in CURP, faculty of agriculture, Cairo university) were
used as cell models. Cells were grown under aseptic conditions with
complete medium in a 25 cm3 cell culture flask with humidified atmo-
sphere and 5% CO2 at 37 °C. Cultured monolayer at 80% confluence sub-
jected to wash with PBS (Sigma-Aldrich, St. Louis, Missouri, USA) then
trypsinized by 2 mL trypsin–EDTA solution (Sigma-Aldrich, St. Louis,
Missouri, USA), incubate for 2 min. Then lightly tapped the flask to de-
tach the cells, to stop the reaction 4 mL complete culture medium was
added. The suspended cells have been counted using hemocytometer
and cells viability has been checked by trypan blue (99% viability). The
cells were diluted with complete medium to have approximately 10-
4 cell/mL, and agitated gently. Then the suspended cells were taken
and placed in a sterile reservoir. For experimental purposes, cells were
cultured in 96-well plates (200 μL of cell suspension per well). Cells
were allowed to join for 24 h before treatment.
2.5.7. Cytotoxicity
The 95-C cells were seeded into 60 wells by 200 μL of the buffalo ep-

ithelial cells suspension at a density of 2 × 104 cells per well, the periph-
erals wells were filled with PBS, the plate is incubated for 24 h.
Cytotoxicity of the biosynthetic Au NPs and chemically synthesized Au
NPs was tested using concentrations ranging from 5 up to 20 (μg/mL).
Additionally, cytotoxicity of Pc-Au nanoconjugates was studied using
the same concentrations. These concentrations were prepared by dilu-
tion with DMEM media (DMEM; Sigma-Aldrich, St. Louis, Missouri,
USA). 200 μL of treated media was dispensed into triplicates for each
concentration. 10 wells were filled with media only (as a negative con-
trol) and twowells filled withmedia containing Doxorubicin HCL (3 μg/
mL, Sigma-Aldrich, St. Louis, Missouri, USA) as a positive control. After
that, the 96 wells plate covered by lid was incubated at 37 °C for 24 h.
Cell proliferation was then determined by using the Neutral red uptake
assay.
2.5.8. Neutral red uptake assay
After the incubation period, the cultures are examined via an

inverted microscope (LEICA DMI3000 B, USA), to record changes in
the cells morphology. Mitochondrial dehydrogenase activity is an indi-
cation for the metabolic and viability of cells. Neutral red uptake assay
was performed as follows: 100 μL of neutral red medium (3-amino-7-
dimethylamino-2-methyl-phenazinehydrochloride, Sigma-Aldrich cat.
no. N4638, USA) (after centrifugation at 1800 rpm for 10min. to remove
any precipitated dye crystals) was added into each well and incubated
again for 3 h at 37 °C. After incubation, the dye containing medium
was decanted and each well was rinsed gently for three times with
150 μL PBS solutions to remove the unabsorbed neutral red dye
contained in the wells. 150 μL of neutral red distain solution (50% etha-
nol 96% (Riedel-de-Häen), 49% deionized water, 1% glacial acetic acid,
Sigma-Aldrich, USA) is added and incubated for 10 min with shaking.
The absorbance of acidified ethanol solution containing extracted neu-
tral red dye was measured at 540 nm using spectrophotometer (BioTek
ELX808, USA). All assays were carried out in triplicates. The percentage
viabilitywas calculated anddose–response curvewas plotted for having
the concentration of the test chemical reflecting the half maximum in-
hibitory concentration (IC50) of the cell proliferation [24].
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3. Results and discussion

Gold nanoparticles were successfully biosynthesized by exploiting
potatoes extract as reducing and stabilizing agents. The chemical com-
position of the contents of the potato (Solanum tuberosum) extract
was investigated by GC/MS analysis (Fig. 1). Several components are
pronounced in the GC/MS analysis. Oxime-, methoxy-phenyl 79.58%,
caffeic acid 10.38%, cyclotrisiloxane, hexamethyl 3.64%, and
benzofuran-6-ol-3-one,2-(4-ethoxycarbonyl) benzylidene 1.82% are
dominant species in the potatoes extract. The remaining compounds
have lower % peak appearing in minute quantities. A great number of
phenolic compounds have been detected in potato extract [25], and in
our chromatograms oxime, methoxy-phenyl and caffeic acid were ob-
served. The oxime, methoxy-phenyl has sharp band with very high
abundance at about 5.36 min [26]. This compound is characterized by
the presence of phenolic functional groups that boarded to a hydroxyl
groups (\\OH) [27]. Furthermore, the caffeic acid has a sharp band at
about 9.107min. The chemical structure of a caffeic acid is characterized
by existence of a carboxyl (\\COOH) groups aswell as a hydroxyl (\\OH
group) [28]. This clearly explain the role of the content of the potatoes
extract in reducing Au+3 by phenolic groups and stabilizing the as-pre-
pared Au NPs by phenolic and carboxylic groups.

Mixing the potatoes extract with 0.01 M HAuCl4 aqueous solutions
at controlled pH with gentle heating speeds up the reaction. The com-
plete reduction of gold ions was observed after 15 min which results
in a change of the yellow color to the characteristics wine red color of
Au NPs. This means the reduction of [Au Cl4]− to Au (0). Mechanism
of reduction of gold ions as well as formation and stabilization of Au
NPs can be explained in the light of thepresence of phenolic and carbox-
ylic compounds in the potatoes extract. These components act as reduc-
ing and stabilizing agent under alkaline condition [29].

The reducing ability of oxime-, methoxy-phenyl and caffeic acid at
alkaline pH is due to the ionization of the phenolic group in the acid to
phenolate ions, which thereafter reduce the gold ions, by electron trans-
fer, into gold atoms and subsequently gold nanoparticles by growth
mechanism. In agreement with previous studies [7], the biosynthesized
Au NPswere stabilized by the presence of carboxyl groups (−COOH) of
a caffeic acid. From these results, we concluded that the caffeic acid
probably act as reducing and capping agent for the biosynthesized Au
NPs. It is generally believed that the reaction temperature has a great ef-
fect on the rate and shape of particle formation. The rate of formation of
the nanoparticles was related to the incubation temperature and in-
creased temperature levels allowed particle growth at a faster rate.
The time required for the Au NPs formation significantly decreases by
increasing the temperature. Therefore, simultaneous mixing of the
Fig. 1. Chromatogram of the potatoes extracted with characterized peaks.
gold salt with potatoes extract at pH 10.5 and temperature of 100 °C in-
duces the rapid formation of stable gold nanoparticles as indicated by
the appearance of the pink color resulting from surface plasmon reso-
nance (SPR) [14].

The H2Pc is a true hydrophobic photosensitizer. Fig. 2 depicts the
chemical structure of metal free phthalocyanine (H2Pc). With the assis-
tance of the biosynthesized AuNPs and after sonication for a time, about
0.001 g of H2Pc suspend in 5 mL of gold nanoparticles solution. Loading
of the H2Pc on the surface of Au NPs resulted in changing the character-
isticwine red color of theAuNPs to violet color. The appearance of violet
color is related to the conjugation of the H2Pc with the biosynthesized
Au NPs which is confirmed by UV–Vis, TEM and FTIR measurements.
Schematic representation of the general concept of the biosynthesis of
gold nanoparticles and their direct conjugation with the metal-free
phthalocyanine (H2Pc) is clearly shown in Fig. 3.

The UV–Vis absorption spectrum of the H2Pc dissolved in organic
solvent, dimethylformamide (DMF) at concentration 10−4 M is shown
in Fig. 4. The conventional absorption bands were observed as B and Q
bands at 340 nm, 380 nm, 650 nm and 740 nm [1].

The UV–Vis absorption spectrum of the biosynthesized Au NPs with
the characteristic absorption peak at 520 nm is shown in Fig. 5 (spec-
trum a). The symmetric SPR band of the Au NPs indicates the formation
of monodispersed spherical Au NPs with uniform size and shape. It is
well known that the frequency and width of the surface plasmon de-
pend on the particles size, and shape of the gold nanoparticles as well
as on the dielectric constant of themetal itself, the surroundingmedium
and stabilizingmolecules [30]. As shown in Fig. 5 (spectrum b), the ab-
sorption spectrum depicts the presence of Pc-Au nanoconjugates at the
wavelength range from 340–760 nm. The spectrum of Pc-Au
nanoconjugates shows that the nanoconjugates exhibit characteristic
B and Q bands around 300–520 nm and 600–750 nm, respectively
[31]. The bands at 340, 380, 650 and 740 nm are attributed to H2Pc
with broadening in the band ranging from 650 to 740 nm probably re-
lated to the replacement of secondary amine with tertiary amine after
conjugation of the H2Pc with Au NPs in the aqueous medium. In other
words, The broadening of the absorption spectrum(Q-band absorption)
of Pc-Au nanoconjugates is related to a tight packing of the H2Pc on the
surface of Au NPs [32]. The band at 520 nm clearly belongs to the pres-
ence of the Au NPs in the conjugates. Comparing the two absorption
spectra of H2Pc in organic and aqueous media clearly confirm the dis-
persion of H2Pc in the aqueous medium with the assistance of Au NPs
Fig. 2. Chemical structure of metal free phthalocyanine (H2Pc) (M.W. 514.54 g/mol).

Image of Fig. 1
Image of Fig. 2


Fig. 3. Schematic representation of the general concept of the biosynthesis of gold nanoparticles from potato (Solanum tuberosum) extract and their direct conjugationwith themetal-free
phthalocyanine (H2Pc) after sonication for 15 min.
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which open the door for hydrophobic photosensitizer like H2Pc to be
utilize in many biological and medical applications. The absorption
spectrum of the Pc-Au nanoconjugates indicates the monomeric (non-
aggregated) form of phthalocyanine on the surface of Au NPs. This is
very important as the aggregated photosensitizer exhibit low PDT effi-
cacy due to deactivation of the excited state energy [33].

Fig. 6a shows the TEM of highly monodispersed spherical shape of
the biosynthesized Au NPs with an average size of about 12 nm. The
low size distribution of the prepared Au NPs explain clearly the action
of the reducing and stabilizing agents present in the potatoes extract.
The TEM image of Fig. 6b shows the enlargement of Au NPs from 12 to
approximately 20 nm due to loading of H2Pc on the surface of spherical
Au NPs.

The Zeta potential was used to determine the surface charge and the
stability of colloidal aqueous dispersions. Usually, a compound with a
zeta potential more positive or more negative than 30mV is considered
to be stable. The zeta potential of gold nanoparticles before and after
Fig. 4. UV–Vis spectrum of H2Pc dissolved in (DMF) with assigned characteristic peaks.
conjugation with H2Pc is reported as−22.7 and−19mV, respectively.
The Zeta potential measurements revealed that the Au NPs and Pc-Au
nanoconjugates are fairly stable in relation to their small size (Fig. 6),
and these charge values are enough to keep them stable for long time
[34]. The low negative Zeta potential (−19 mV) of the nanoconjugates
is in the range known empirically as being safe for membranes and
being optimal for cellular uptake [35].

FTIR measurements were carried out in order to get some more in-
sight into the mechanism of the stabilization of the biosynthesized Au
NPs, the mechanism of successful loading of H2Pc on the surface of Au
NPs with subsequent dispersion in water and the nature of the function
groups of the components of the potatoes extract. Fig. 7 shows the FTIR
Spectra of (a) potatoes extract, (b) biosynthesized Au NPs, (c) H2Pc, and
(d) Pc-Au nanoconjugates. FTIR spectrum of Fig. 7a shows the common
Fig. 5. UV–Vis spectra of (a) biosynthesized Au NPs prepared from potatoes extract with
the characteristic peak at about 520 nm and (b) Pc-Au nanoconjugates in the range
from 300 to 850 nm.

Image of Fig. 3
Image of Fig. 4
Image of Fig. 5


Fig. 6. TEM images of: (a) gold nanoparticles prepared using potatoes extract, spherical in shape with approximate size of 12 nm, and (b) Pc-Au nanoconjugates of spherical shape with
increasing size of approximately 20 nm (scale bar = 100 nm).
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bands at 543, 612, and 1034 cm−1 which ascribed to the C\\Br
stretching vibration of alkyl halides, alkynes C\\H bend group and
C\\O ether bond of glucose ring of starch, respectively [36]. Additional-
ly, the bands at 1404 and 1610 cm−1 are related to the presence of
strong bending of\\CH2 and carboxylate groups, respectively [37].
The band at 2926 cm−1 in the spectrum is assigned to asymmetric
\\CH2 stretch [38]. The FTIR spectrum shows strong absorption at
3400 cm−1 which is attributed to OH band stretching mode. The infor-
mation collected from Fig. 7a is in harmony with GC/MS analysis and
confirm the polyphenolic content of the potatoes extract. Among
Fig. 7. FTIR absorption spectra with assigned characteristic peaks at certain wavenumbers of (a)
Au NCs).
these phonolics are caffeic acid, chlorogenic acid, oxime methoxy-phe-
nyl, ferulic acid, salicylic acid and vanillic acid [39].

Fig. 7b shows the possible interaction sites of gold ionswith potatoes
extract, which act as reducing agent to synthesize and stabilize Au NPs
due to the presence of three main functional groups, including the
amino, carboxylic, and phenolic groups. The band at 543 cm−1 is as-
cribed to the C\\Br stretching vibration of alkyl halides that appeared
more broadening after the reaction with gold ions [40]. The band at
1105 cm−1 is attributed to C\\N stretching band of the aliphatic amines
or to alcohols/phenols [41]. The weak band which appeared at
potatoes extract, (b) biosynthesized Au NPs, (c) H2Pc, and (d) Pc-Au nanoconjugates (Pc-

Image of Fig. 6
Image of Fig. 7
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1425 cm−1 is ascribed toO_C\\CH2which represent the interpretation
of fingerprint region unique to each compound. The absorption band at
1644 cm−1 is assigned to (C_O) amide I band of proteins [42]. The
broad band of potatoes extract in the range of 3000–3400 cm−1 corre-
sponds to intermolecular hydrogen bond resulting from N\\H and
O\\H stretching vibrations which are characteristic to the functional
group of amines and carboxyl found in proteins and phenolic com-
pounds [40,43]. This clearly explains the stabilization of the
biosynthesized Au NPs with phenolic and carboxylic groups.

In an attempt to confirm the loading of H2Pc on the surface of AuNPs
through the secondary amines groups of H2Pc, FTIRmeasurementswere
performed again. The FTIR spectra show the characteristic bands of H2Pc
and Pc-Au nanoconjugates (Fig. 7c, d). The most intense infrared active
bands of H2Pc are situated between 400 and 1650 cm−1 [44]. The band
at 1008 cm−1 in the spectrum of H2Pc originates fromN\\H (secondary
amines) bending vibration [45]. This band is absent in the spectrum of
Pc-Au nanoconjugates (Fig. 7d) and replaced by the band at
1060 cm−1 which is attributed to tertiary amines as a result of conjuga-
tion of H2Pc to the surface of Au NPs. This conjugation can be achieved
through a mechanism of side-to-side interaction between H2Pc and
AuNPs. Vibration band of Aumetal is observed in Pc-Au nanoconjugates
at 543 cm−1 that is not found in the spectrum of H2Pc [46]. The low
metal ligand vibrational frequency could be attributed to the electro-
static repulsion between the outer electron of Au NPs and the electron
pair donated by the ligand [47].

From the UV–Vis, TEM, zeta potential, FTIRmeasurements as well as
the complete dispersion of the H2Pc in the presence of Au NPs with the
color change, we can confirm the conjugation between H2Pc and Au
NPs. Accordingly, changing the insoluble H2Pc into aqueous suspended
form makes it possible to use H2Pc as hydrophobic photosensitizer in
many biological and medical applications related to PDT.

In order to investigate the potential use of biosynthetic Au NPs as
well as Pc-Au nanoconjugates in various successful applications; it is
very essential to study their cytotoxicity. The published reports indicate
that buffalo epithelial cells can be used as a model for cytotoxicity of
drugs or nanoparticles [48]. The cytotoxicity of Pc-Au nanoconjugates
was checked in buffalo epithelial cells using concentrations ranging
from 5 up to 20 (μg/mL) for 24 h and showed that there is no effect at
low concentration of Pc-Au nanoconjugates (Fig. 8). However, at high
concentration, there was a slight inhibition of cell viability. This reflects
the very low cytotoxic nature of Pc-Au nanoconjugates [49]. Moreover,
the cytotoxicity of biosynthetic Au NPs at doses ranging from 5 up to 20
(μg/mL) for 24 h had a positive effect on the cell viability as it has prolif-
erative effect (Fig. 8). On the other hand, the cytotoxic effect of the Au
NPs prepared by chemical methods (CTAB and PVP) was checked in
Fig. 8. Cell viability assay of buffalo epithelial cells in case of control, biosynthetic Au NPs,
Pc-Au nanoconjugates, Au NPs capped by polymer (PVP), and Au NPs capped by CTAB, for
24 h. Cell viability was determined by a neutral red uptake assay.
buffalo epithelial cells at the same concentration and showed very
high cytotoxicity on cell viability (Fig. 8) [50]. The high cytotoxic effect
of Au capped by CTAB and those capped by PVP is attributed to the
chemical composition of the surface ligands of chemically synthesized
Au NPs. The data is presented in percentages of cell survival in relation
to the negative control.

4. Conclusion

The present work presents for the first time a new approach for a
new generation of hydrophobic photosynthesizers to be utilized in
aqueous media. We have developed a fast, eco-friendly, cost effective
and convenient method for the synthesis of gold nanoparticles using
potatoes extract. The process is a one step synthesis in a short time com-
pared to traditional methods. Nanoparticles synthesized by thismethod
were controlled in size, monodispersed spherically shaped and stable
for several months. This green biosynthesis method would be a better
alternative to the existing physical and chemical methods and present
nanocarriers (Au NPs) free from reducing and stabilizing chemicals of
high toxicity. The presented approach provides the conjugation be-
tween the hydrophobic photosynthesizer, like H2Pc, and promising bio-
compatible nanocarrier, like Au NPs, with subsequent suspension of
H2Pc inwater. The biosynthetic Au NPs aswell as Pc-Au nanoconjugates
showed high biocompatibility in vitro. The successful formation of Pc-
Au nanoconjugates opens the door for the use of the hydrophobic
photosynthesizers and drugs in many biological and medical applica-
tions. Future work is in progress to investigate the positive effects of
Pc-Au nanoconjugates as an important PDT agent for skin cancer
treatment.
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