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Abstract
Uniformly sized and shaped gold nanoparticles (AuNP) were produced bymicrowave irradiation using Euphorbia tirucalli latex.
The AuNPs were characterized by ultraviolet visible spectroscopy (UV–Vis), Fourier transform infrared spectroscopy (FTIR),
dynamic light scattering, zeta potential, and transmission electron microscopy (TEM). UV–Vis analysis was employed to detect
the characteristic surface plasmon resonance pattern of the AuNPs (550 nm). The carboxylic and polyphenolic groups were
associated with the euphol-capped AuNP, which was confirmed using FTIR spectroscopy. The AuNPs studied here show a z-
average diameter varying from 35 to 500 ± 0.8 nm. TEM reveals that the particles were spherical and polydispersed. The latex
itself is very toxic and can be harmful during manipulation, thus highlighting a negative aspect in it use. However, we have
demonstrated that the isolation procedure did not impair the reduction action of the dry latex powder. This study provides a robust
solution for the synthesis of stable capped gold nanoparticles. Furthermore, the dried powdered E. tirucalli latex seems to be an
attractive capping agent for nanoparticles in drug delivery.
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Introduction

The production of metallic nanoparticles is a research field
with various applications, including catalysis, drug delivery,
and biomedical studies. Gold nanoparticle (AuNP) disper-
sions are currently employed in numerous scientific, industri-
al, and domestic applications [1, 2] AuNPs have been used as
nanomaterials for molecular imaging and drug delivery in
recent years [3]. Heterogeneous and homogeneous catalysis
is another major field for AuNP applications [4].
Heterogeneous gold catalysts are commonly employed in
CO oxidation [4–6], C–H activation [7], liquid phase oxida-
tion reactions [8], coupling reactions [9], and hydrogenation
reactions [10]. Homogeneous gold catalysts are also
employed [11]. Particle size and shape, structure, composi-
tion, surface area, and porosity are found to be among themost
important factors that affect the catalytic properties of support-
ed AuNPs in different reactions.

There is a broad range of research studies involving
AuNPs, because they can be modified in different ways by
binding specific receptors coupled with various forms of ther-
apeutics [12]. One of the symptoms of cancer is the pain, and
as the disease grows, these symptoms increase, probably by an
inflammation process [12].

The Euphorbiaceae family plants traditionally bear latex
that is commonly used for therapeutic purposes, because it
contains highly active constituents, such as euphol, which
is found in Euphorbia tirucalli [13]. This latex is a thick
white fluid that flows throughout the plant. In ancient
times, this plant was used for insect pest control and her-
bivorous attacks [14]. Moreover, the latex has been used
as an antibacterial, antifungal, anticancer, and antiviral and
in the treatment of ulcers and menstrual disorders in tra-
ditional folk medicine [2]. The alcohol tetracyclic
triterpene is one of the latex components in euphol, which
possesses desirable pharmacological properties with anti-
inflammatory qualities. A strategy for nanoparticle synthe-
sis is the use of plant parts, introducing the pharmacolog-
ical compounds of its structure with the greatest potential
in cancer research [14].

The Green method is based on the endogenous or intrinsic
use of the reducing compounds found in the bulk of plant parts

* Claure N. Lunardi
clunardi@unb.br

1 Laboratory of Photochemistry and Nanobiotechnology, University of
Brasilia, Brasilia 72220-240, Brazil

Gold Bulletin (2018) 51:131–137
https://doi.org/10.1007/s13404-018-0231-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s13404-018-0231-6&domain=pdf
http://orcid.org/0000-0001-8712-4417
mailto:clunardi@unb.br


(leaves, seeds, latex) by the simple formation of nanoparticles,
as opposed to other more complex chemical methods [15, 16].

Homogeneous nucleation and growth conditions for nanopar-
ticle synthesis can be achieved by microwave irradiation, which
provides a rapid and uniform heating process [17, 18]. Liu et al.
successfully synthesized silver nanoparticles using Boswellia
serrata flower extract, with the aid of microwave heating [19,
20], and Kahrilas et al. produced silver nanoparticles using or-
ange peel extract, also with the aid of microwave heating [21].

Here, we propose the use of fresh and reconstituted dried
latex from E. tirucalli as both the reducing and capping agent in
gold nanoparticles. The use of microwave heating for the syn-
thesis of gold nanoparticles using euphol latex was compared to
the conventional methods for gold nanoparticle synthesis (room
temperature and bath heating). The synthesis of euphol latex
gold nanoparticles was achieved, thus demonstrating its poten-
tial as a drug delivery for antinociception in cancer treatments.

Material and methods

Material

Tetrachloroauric acid (HAuCl4·3H2O) and sodium citrate
were obtained from Sigma-Aldrich. The aqueous solutions
were prepared using double-distilled water and methanol.
Sodium citrate was both the reducing and capping agent, as
described by Turkevich [22, 23]. Here, we used the latex of E.
tirucalli as both the reducing and capping agent for the
AuNPs. One of its components is euphol, which is the identi-
fier used to label all the AuNPs produced from E. tirucalli.

Methods

The following preparations were used in this study.

Isolation of euphol latex and euphol latex powder

We isolated the fresh thick milky white latex of E. tirucalli
(EuLf) from the mature plant stem. The fresh latex was dis-
solved in a methanol–water mixture (1:1 v/v), filtered, and
dried via evaporation under constant stirring. The white power
(EuL) was weighted and then stored under refrigeration at −
20 °C. The latex was collected from three different plants in
the summer season and stored as one bulk stock. This bulk-
dried EuL powder was used to prepare a 3% aqueous latex
extract.

Green methods to produce euphol-capped gold
nanoparticles

The AuNPs were synthesized using EuLf and EuL as both
the capping and reducing agents in the different ap-
proaches. The standard reduction with citrate was used
as the control. The nanoparticles were produced at room
temperature (r, 25 °C), in a water-heated bath (h, 100 °C),
and using a microwave (mw) as the heat source. A do-
mestic microwave oven (1200 W) was used for the reac-
tion heating. The AuNP synthesis was conducted as fol-
lows. The vessel containing gold salt in aqueous solution
with latex or citrate was allowed to either boil in a water-
heated bath (h assays) or boil by microwave irradiation
(mw assays), followed by cooling at room temperature
and further characterization, whereas the r assays were
incubated at room temperature for 24 h. No AuNPcit-r
was obtained. The synthesis process is illustrated in
Scheme 1.

Freshly collected euphol latex

Here, 200 μL of freshly harvested latex was added to
700 μL of HAuCl4 (1 mM) and incubated at 25 °C for
24 h, producing EuLfAuNP-r. Another batch was heated
in a water bath until the color change (reddish-violet-rose)
or for a maximum of 30 min, producing EuLfAuNP-h.
The third batch was irradiated with a conventional micro-
wave operating at 1200 W and 60 MHz, with 30-s micro-
wave irradiation cycles. The number of irradiation cycles
was dependent on the time required to reduce Au3+ to
Au0, which was confirmed from the color change of the
reaction medium from pale yellow to light violet, thus
indicating the production of EuLfAuNP-mw. The
EuLfAuNPs produced in the reaction mixture were col-
lected by sequential centrifugation at 14000 rpm for
20 min, followed by air-drying at room temperature, and
sample characterization [15].

Preparations Abbreviation

Euphol latex, fresh EuLf

Euphol latex, powder EuL

Citrate gold nanoparticle, room temperature AuNPcit-r

Citrate gold nanoparticle, hot bath AuNPcit-h

Citrate gold nanoparticle, microwave assisted AuNPcit-mw

Euphol-capped gold nanoparticle, room temperature EuLAuNP-r

Euphol-capped gold nanoparticle, hot bath EuLAuNP-h

Euphol-capped gold nanoparticle, microwave assisted EuLAuNP-mw

Fresh euphol-capped gold nanoparticle, room
temperature

EuLfAuNP-r

Fresh euphol-capped gold nanoparticle, hot bath EuLfAuNP-h

Fresh euphol-capped gold nanoparticle,
microwave assisted

EuLfAuNP-mw
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Dried powder euphol latex

The bulk-dried EuL was used to prepare a 3% aqueous euphol
latex solution. The same procedures used on EuLf were per-
formed on EuL to produce EuLAuNP-r, EuLAuNP-h, and
EuLAuNP-mw, as described above. The EuLAuNPs formed
in the reaction mixture were then separated by repeated cen-
trifugation at 14000 rpm for 20 min, air-dried at room temper-
ature, and analyzed for sample characterization.

Characterization of euphol-capped AuNPs

The synthesized euphol-capped AuNPsweremonitored bymea-
suring the absorbance spectra at regular intervals using ultraviolet
visible spectroscopy (UV–Vis) in the 300–700 nm wavelength
range. A Perkin Elmer Lambda 25 spectrophotometer (Perkin
Elmer; Walton, MA, USA) was used to acquire the absorbance
spectra of the AuNPs, with a 2.0 slit width, 1200 nn/min speed,
and the sample placed in a 1-cm quartz cell cuvette.

The particle size distribution was acquired by photon cor-
relation spectroscopy (PCS) using the quasi-elastic light scat-
tering technique. A Zetasizer Nano ZS (Malvern Instruments;
Worcestershire, UK) was employed to determine the size (z-
average) and zeta potential distribution of the synthesized
EuLAuNPs, using a 10-mW He–Ne 633-nm laser beam at
25 °C and a scattering angle of 173°. The size of particles
was acquired using the size distribution by intensity mode.
The zeta potential of the particles was acquired using the
ZetaPlus™ software package in zeta potential analysis mode.

The euphol AuNPs were sampled onto carbon-coated cop-
per grids and dried under an infrared lamp for the transmission
electron microscopy (TEM) analysis. The TEM observations
were made with Jeol (JEM-2100 at LabMic/UFG).

Fourier transform infrared spectroscopy (FTIR) was
employed to obtain the reflectance spectra of the functional
groups present in the euphol AuNPs and 3% euphol aqueous
latex solution. Shimadzu (IR Prestige-21 FRIT-8400S;

Shimadzu, Japan) was used in transmission mode, with a 400–
4000-cm−1wavelength range. The sampleswere first mixedwith
KBr powder, pelletized, and dried prior to the FTIR analysis.

Results

Green synthesis of the AuNPs was preliminarily confirmed by
the observed color change from yellow to dark reddish in the
reaction mixture, and the broad surface plasmon resonance
band was centered at 550 nm, which is indicative of
polydispersed nanoparticles (Figs. 1 and 2).

The AuNP solutions were kept at room temperature after
4 weeks of preparation and assayed by UV–Vis spectroscopy
to evaluate the stability of the solutions. No significant differ-
ences in the band intensity or new band formation were ob-
served, thus indicating that the new AuNPs were stable.

The control UV–Vis spectra of the AuNPs reduced by the
citrate ions and prepared by the conventional method (heating

Scheme 1 The gold nanoparticle green synthesis

Fig. 1 UV–Vis absorbance spectra for the citrate AuNPs, highlighting the
intense surface plasmon resonance band (SPR) spectra of the AuNPs,
which are citrate-capped at 538 nm for several incubation temperatures
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bath), at room temperature, and by themicrowave-assistedmeth-
od displayed different profiles, as shown in Fig. 1. The AuNPcit
samples prepared at water-heated bath temperature (AuNPcit-h;
red line) and in the microwaver-heated (AuNPcit-mw; blue line)
showed a typical gold nanoparticle band at 550 nm. However,
the AuNPcit-r (black line) solution displayed a UV–Vis spec-
trum without a typical plasmon band appears in the spectrum.

The AuNPs capped with dried latex were able to induce a
reduction of gold ions, regardless of the method employed, as
shown in Fig. 2. The microwave-assisted method produced a
more concentrated AuNP solution, as shown in the image by
its deep color. The inset plot displayed the UV–Vis solution of
fresh and dried powdered euphol latex, each with a typical
band at 250 nm.

The EuLAuNP-mw samples were produced in a narrow
size distribution, with a smaller nanoparticle size, and
possessing a greater zeta potential in comparison to the sam-
ples produced by the other methods (Table 1).

The AuNPs have a negative charge, as confirmed by the
zeta potential measurements. The surface charges of the sam-
ples produced via the citrate method ranged from − 0.6 to −
17 mV. The surface charge was significantly affected by the
euphol latex coating, as the produced samples possessed sur-
face charges ranging from − 13 to − 16mV. The z-average size
distribution of the AuNPs also suffered significant changes
upon euphol coating. The size distribution by the dynamic
light scattering (DLS) data proves that the euphol-coated
AuNPs are polydispersed in nature (Table 1). Both individual
nanoparticles and large agglomerations are observed. The cit-
rate AuNPs had a z-average hydrodynamic diameter in the
16–20 nm range, whereas fresh and dried euphol AuNP sizes
were in the 225–450 and 360–443 nm ranges, respectively.

The FTIR analysis was carried out to identify the possible
functional groups of the biomolecules present in the euphol that
were involved in the reduction of the gold ions and the stabili-
zation of the synthesized AuNPs. The euphol extract showed
intense absorption bands at 3419, 2972, 2109, 1608, 1419, and
1024 cm−1 (Fig. 3). The strong absorption band at 3419 cm−1

could refer to the stretching vibration of the O–H bond. The
bands at 2972 cm−1 were due to the aliphatic C–H stretching
vibration of carbohydrates. The band at 1419 cm−1 might be
ascribed to the methylene scissoring vibration or C=C groups
and 588 cm−1 for alcohol, OH out-of-plane bend, which can be
found in antioxidants, phenols, flavonoids, terpene, and ascor-
bic acids extracts. Similar results were observed by Shi et al.,
who analyzed the biosynthesis of gold nanoparticles with
Pycnoporus sanguineus [24].

FTIR analysis of the euphol before and after gold reduction
showed spectrum displacements in the O–H peak at

Fig. 2 UV–Vis SPR, centered at 550 nm, showing the absorbance spectra
of EuLAuNP-r (black; 25 °C), EuLAuNP-h (red; 100 °C), and
EuLAuNP-mw (blue). The inset plot displays the spectra of the EuLf
and EuL solutions. Images of the AuNP solutions are also provided

Fig. 3 FTIR transmittances of aqueous EuL (blue) and EuLAuNP-mw
(red), which display the peak shifts of the major functional biocompounds
due to the reduction and stabilization of the euphol-capped AuNPs

Table 1 Characterization of the gold nanoparticles, with regard to
particle size, polydispersity index (PDI), and zeta potential from DLS
measurements

Formulation z-average (r.nm) PDI Zeta potential (mV)

AuNPcit 18.33 ± 1.023 0.60 − 0.6

AuNPcit-h 16.06 ± 0.245 0.60 − 2.9

AuNPcit-mw 20.10 ± 0.204 0.50 − 17.3

EuLfAuNP-r 433 ± 25.29 0.19 − 5.9

EuLfAuNP-h 225 ± 6.33 0.21 − 0.10

EuLfAuNP-mw 455 ± 28.4 0.36 − 0.19

EuLAuNP-r 443 ± 3.91 0.23 − 13.3

EuLAuNP-h 359 ± 2.97 0.20 − 15.5

EuLAuNP-mw 390 ± 15.4 0.15 − 16.5

Each value represents mean ± SD (n = 3)
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3419 cm−1, shifted to 3400 cm−1, and the methylene band
shifted to 1456 cm−1. AuNPs might be capped and stabilized
by antioxidants, flavonoids, and polyphenols originating from
euphol [25]. It has also been reported that hydroxyl, amine,
and carboxyl groups played important roles in the reduction
process and stabilization of synthesized AuNPs [24, 26, 25].

AuNPs have been synthesized in the presence of reducing
agents and stabilizing molecules, such as chitosan, alkyl
trimethyl ammonium bromide, and sodium citrate [27]. We
demonstrated that microwave heating can induce the nucle-
ation of aqueous gold salt using only euphol latex to produce
EuLAuNPs. The dielectric heating promoted by microwave
irradiation via the rapid dipolar rotations of the polarized water
molecules can produce a local high-pressure region in the gold
salt–water system. The temperature can reach 150–300 °C,
such that the water molecules function as both an acid and a
base [27]. The chemical-free reduction of gold salt enhanced
the dissociation of water caused by the local and confined
dielectric heating effects from the microwave irradiation.
The shape of the gold nanoparticles, such as the sharp trian-
gular, truncated triangular, hexagonal, globular, and dendritic
morphologies, is useful for catalytic applications [1, 28].
Figure 4 displays TEM micrographs of the AuNPcit-mw and
EuLAuNP-mw sample preparations. The overall size distribu-
tion of EuLAuNP-mw sample has a more uniform size, with
smaller diameter particles than the AuNPcit-mw sample. This
result was confirmed by DLS analysis.

Table 1 summarizes the DLS results from the preparation of
gold nanoparticles capped with euphol latex under several incu-
bation temperatures and heat sources. Citrate-capped gold nano-
particles were also assayed under similar conditions to the control.

Discussion

The white milky latex from E. tirucalli can be found in all
plants, even in the roots [1, 29]. The chemical composition of
the different parts of the plant has been extensively studied, and
several chemical compounds have been separated from them,
such as campesterol, stigmasterol, beta-sitosterol, iso-
fucosterol, cycloartenol, cyclotirucanenol (triterpene), diterpene
ester, euphol steroid and beta-amyrin (triterpenoids), taraxerane
triterpene, and tirucalicine (diterpene) [30–32]. The complexity
of E. tirucalli latex and most of its functions can be explained
from the extensive list of compounds extracted from the plant
[1]. The latex itself is very toxic and can be harmful during
manipulation, thus highlighting a negative aspect regarding its
use. We have demonstrated that the isolation procedure did not
impair the reduction of the dry latex powder. One of the signif-
icant advances in the use of latex from E. tirucalli is in drug
delivery systems. Another advantage of this isolation is the
ability to control the seasonality of the latex components. The
separation/drying process eliminates undesired components/
debris from the fresh latex, as observed in the cleaner aspect
of the nanoparticle UV–Vis spectra. It is well-known that con-
ventional methods using citrate produce small nanoparticles
[32]. Here, we produced larger particles. One of the main ad-
vantages of this AuNP preparation using dried euphol latex and
microwave irradiation is the absence of organic solvents, which
makes this method an environmentally friendly synthesis op-
tion. The larger-sized nanoparticles are due the fact that no other
procedure was applied after preparation, such as centrifugation
or cleaning/remotion of the supernatant. This feature could in-
terfere in the latex association with the AuNP surface [32].

Fig. 4 TEM micrographs of a, c
AuNPcit-mw and b, d
EuLAuNP-mw at different
magnifications that highlight the
thin coating on the surface of the
spherical particles
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The fast-heating characteristic of the microwave environ-
ment provides an effective method for the preparation of gold
nanoparticles [33, 34]. We have demonstrated the use of the
microwave process for the synthesis of gold nanoparticles in a
green environment using E. tirucalli as both the capping and
reducing agent.

The SPB is due to the collective oscillations of the electron
gas at the surface of the nanoparticles (6s electrons of the
conduction band for AuNPs) that is correlated with the elec-
tromagnetic field of the incoming light, i.e., the excitation of
the coherent oscillation of the conduction band [35].

The FTIR spectral analysis indicates that alkaloids might
play a major role in the reduction of trivalent gold to zero-
valent AuNPs and the subsequent stabilization of the resulting
AuNPs. Here, we observed that the increase in the intensity of
the band at 3419 cm−1 compared to the AuNP with capping
agents alone, indicating the formation of coordination bond
between the OH group of phenolic compounds and the AuNP
surface (Fig. 3). The FTIR studies thus reveal that phenolic
compounds may be involved in stabilizing gold nanoparticles.

The TEM images confirm the presence of spherical and
irregularly shaped gold nanoparticles in the 100–500 nm size
range. DLS measurements indicated the uniform size distribu-
tion from microwave-assisted production of euphol latex gold
nanoparticles in the same range. The method using plant extract
as a tool for the production of nanoparticles provides rapid
synthesis (single step), controlled toxicity, controls on the size
characteristics, and an economical and eco-friendly approach.

The latex was able to induce a reduction of gold ions in all
the sample preparations. The DLS and TEM measurements
revealed the presence of greater diameter nanoparticles than
those produced by the traditional Turkevich method.

Similar to procedure described by Turkevich (Eq. 1), the
phenolic groups present in euphol latex are responsible for the
gold ion reduction (Eq. 2) [36].

2 AuCl−4 þ Ctr3− þ 2 H2O→2 Auþ 3 CH2Oþ 3 CO2

þ 8 Cl− þ 3 Hþ ð1Þ
2 AuCl−4 þ Eupholþ 2 H2O→2 Auþ 3 CO2 þ 8 Cl−

þ 3 Hþ þ Others ð2Þ

Conclusion

Capped gold nanoparticles, heated by the microwave method,
were obtained for the reduction of an aqueous gold salt solution
using fresh and dried powdered euphol latex solutions. UV–
Vis, FTIR, DLS, zeta potential, and TEM assays were conduct-
ed to ensure the formation of nanoparticles. Another benefit of
this microwave-assisted approach is the elimination of organic
solvents, as the reducing and stabilizing agent capability of

euphol latex gold nanoparticles seems to be an attractive system
for drug delivery due the fact that the gold nanoparticle sub-
strate is used to deliver the toxic latex to a given target.
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