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Abstract

In this study, for the first time nanoparticles were synthesized and encapsulated in non-ionic surfactant-based vesicle
(biology and chemistry). The non-ionic surfactant-based vesicle is formed mostly by non-ionic surfactant and cholesterol
incorporation as an excipient by green capping agent. We researched a novel processing route for produce Cu nanospheres
encapsulated in a non-ionic surfactant-based vesicle by glucose as a green capping reductant with microwave assisted
reverse micelle method. The effect of glucose concentration and microwave power on the morphology, particle size,
distribution and in vitro photoluminescence spectroscopy experiments of nanoparticles entrapped in the non-ionic sur-
factant-based vesicles were investigated. The synthesis parameters in this study were designed by Taguchi technique and
various factors such as glucose concentration, temperature, microwave power and interaction between these factors were
studied. The metal nanostructure with photocatalytic activity act as an emerging, non-invasive therapeutic strategy that
involves photosensitizer drugs and external light for the treatment of cancer. The products were characterized by XRD,
SEM, TEM, DLS, TGA and UV-Vis. The current study points out a successful example of using Cu nanospheres
embedded in non-ionic surfactant-based vesicle as a new and novel nanomedicine material for in vivo imaging and the
photocatalytic efficiency of methylene blue.
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Introduction

Recently nanoparticles and niosomes delivery system have
been proposed as colloidal drug carriers [1-3]. There is a
growing need to develop reactions for materials synthesis
that do not use detrimental, toxic chemicals. Green/biolog-
ical NPs have been extensively used in biomedical applica-
tions [4—6]. Nanoparticles (NP) are a type of colloidal drug
delivery system comprising particles with a size range from
10 to 1000 nm in diameter. In recent years, much attention
has been paid to the provision of nanoparticles as carriers for
drug delivery. Nanoparticle carriers, by changing the phar-
macokinetic properties of the drug [7], improve the function
of the drug and reduce its side effects [8]. Metal nanoparti-
cles as super photocatalysts are suitable for in vivo multi-
color fluorescence imaging as a novel structures to co-deliver
therapeutic agents with photo thermal agents, will have an
enormous potential for future diagnosis and therapy [9].
Metallic nanoparticles such as Au, Ag, Pt, and Pd have been
widely used in many biomedical applications, separation
[10, 11], diagnostics [12] and pharmaceuticals sciences
[13, 14]. There are many approaches for synthesis metal
nanoparticles for use in medicine and pharmacy, microwave-
assisted synthesis [15], hydrothermal [16], solvent-free
synthesis [17], citrate precursor method [18], sol-gel meth-
ods with several organic precursors [19], green synthesis
methodology creates many chemical and physical advan-
tages such as environment friendly, cost effective and easily
scaled up for large scale syntheses of nanoparticles, also to
do the reactions, there is no need to use high temperature,
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pressure, energy and toxic chemicals [20-22]. Quantum dots
and nanoparticles with high optical properties have unique
potential for applications in biological sciences and obser-
vation intracellular events in different concentration such as
5% wiw, 10% w/w, 15% w/w the results showed the [23, 24].
The variation in the wavelengths of nanocrystals can be
utilized in these structures at the same time, several indica-
tors are present in the living cell components and see the
processes inside the cells, the results showed that with
change pH to 8 the size of the nanoparticles became homo-
geneous [25]. In this study we used glucose as capping agent
and reductant for reducing Cu(Il) to Cu(0) in reactions,
noisome structures were prepared by the lipid film hydration
technique [26, 27], then Cu nanoparticles were encapsulated
in niosomes with microwave assisted reverse micelle method
and used for in vivo imaging study. The final products were
characterized by XRD, SEM, TEM, TGA and UV-Vis
analysis. In this work, for preparation of non-ionic surfac-
tant-based vesicle span/tween 40, 60 and 80 were as sur-
factant and cholesterol as the lipid phase that non-ionic
surfactant-based vesicles have been used for encapsulation
Cu nanoparticles. The size of optimized nanostructures in the
presence of glucose was about 130- 150 nm. Finally, the
efficiency of Cu nanospheres encapsulation in niosomes was
investigated to study the optical properties for in vivo
imaging effects. The main goal of this project is to achieve
targeted nanowires with high-efficiency photocatalytic
activity imaging-low-cost treatment and low cost. The
optical property of nanostructures as a photocatalyst for the
decolorization of methylene blue and also in vivo imaging of
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the niosomes containing Cu nanoparticles was measured by
UV-Vis spectroscopy and the band gap value was
calculated.

Experimental
Chemicals and Equipment

More materials used in this study such as NaOH, C¢H;,0¢
(Glucose) and Copper(Il) nitrate were used as received,
without further purification. The nonionic surfactants used
as vesicle forming materials were sorbitan monopalmitate
(Span 40), sorbitan monostearate (Span 60), sorbitan oleate
(Span 80), polyoxyethylene sorbitan monopalmitate
(Tween 40), polyoxyethylene sorbitan monostearate
(Tween 60), polysorbate 80 (Tween 80) and cholesterol,
which were purchased from Fluka (Switzerland). Several
analyzes were used to identify the products, such as TGA
and DSC were turned from room temperature to 800 °C
with a heating rate of 10 °C/min under an argon atmo-
sphere using SCINCO thermal gravimeter S-100 (Seoul,
Korea) and Netzsch QMS403C (Selb, Germany). X-ray
diffraction (XRD) patterns were recorded by a Philips-
X’PertPro, X-ray diffractometer using Ni-filtered Cu Ko
radiation at scan range of 10 < 2 h < 80, SEM images and
DLS diagrams were obtained on LEO-1455VP equipped
with an energy dispersive X-ray spectroscopy in Razi
Metallurgical Research Center (RMRC). TEM images
were obtained on a Philips EM,08S transmission electron
microscope with an accelerating voltage of 100 kV. In vivo
imaging obtained with in vivo imaging system F Pro model
Kodak manufacturing company in USA.

Preparation of Non-ionic Surfactant-Based
Vesicle Structures

In a typical approach, niosomes are being prepared by the
lipid film hydration technique [28]. For this purpose, the
mixtures of a non-ionic surfactant (Span, Tween-40, 60,
80) and cholesterol, with different percentage ratio were
dissolved in 10 ml of distilled water in a round bottomed
flask. The solvent was evaporated to dryness in a rotary
evaporator under reduced pressure at room temperature.
During drying, the flask was rotated at 100 rpm speed until
a smooth dry lipid film layer was obtained. It was kept 48 h
in a vacuum desiccator. The film contains non-ionic sur-
factant-based vesicle was hydrated using double distilled
water. The combination of the prepared vesicles is shown
in Table 1.

Preparation of Cu Nanospheres Embedded
in Non-ionic Surfactant-Based Vesicle

Copper nanospheres were synthesized by reduction of
copper(Il) nitrate with glucose as green capping reductant,
in a typical and new method 50 mg of Cu(NOs3), solved in
10 ml ethylene glycol, then 5 mL of CgH,Og¢ (Glucose) at
different concentrations inclusive 0.5 mg, 1 mg, and
1.5 mg were subsequently added to the solution under
vigorous stirring at 50 °C temperature for 120 min. In the
next step, the above solution was added to the made non-
ionic surfactant-based vesicle as in situ under reflux system
at 50 °C for 180 min. A clear milky suspension was loaded
into a microwave Teflon container, and the reactions were
performed in a microwave system under various irradiation
and time conditions. After microwave irradiation the sys-
tem was allowed to cool to room temperature naturally then
final products were characterized and photoluminescence
properties studied (Scheme 1).

Table 1 Summery of conditions for the combination of the prepared niosomes

Formulation Glucose Con MW (W) Cholestrol% Tween 40% Span 40% Span 60% Tween 60% Span 80% Tween 80%
C50S40,5T40,5 0.5 180 50 25 25

C40S4030T4030 1 600 40 30 30

C;3054035T4055 1.5 900 30 35 35

C50S60,5T60,5 0.5 180 50 25 25

C40S6030T605 1 600 40 30 30

C30S6035T6035 1.5 900 30 35 35

C50S80,5T80,5 0.5 180 50 25 25
C40S8030T8030 1 600 40 30 30
C;30S8035T8055 1.5 900 30 35 35
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Scheme 1 Summary of
experimental route for the
synthesis of Cu nanospheres
embedded in niosomes
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Fig. 1 The statistical diagrams of microwave power, glucose con-
centration, the percentage of cholesterol and surfactant on particles
size parameter with Taguchi technique

Taguchi Technique

To optimize the experiments and factors we employed
Taguchi technique, In statistics, a full factorial experiment
is an experiment whose design consists of two or more
factors, and whose experimental units take on all possible
combinations of these levels across all such factors [29].
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An experimental design can or randomized clinical trial
requires careful consideration of several factors before
actually doing the experiment, such an experiment allows
the investigator to study the effect of each factor on the
response variable, as well as the effects of interactions
between factors on the response variable [30], in this study
experiments are conducted on 4 factors each in 3 levels,
factors such as glucose concentration, microwave power,
cholesterol%, surfactant% (Spam, Tween). Based on the
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Fig. 2 XRD pattern of of Cu NPs (a) and Cu nanospheres embedded
in niosomes (b)
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information obtained from Taguchi method which is shown
in Fig. 1, the statistical results show that size of the prod-
ucts is directly related to glucose concentration and
microwave power, the percentage of cholesterol and sur-
factant have little impact on the final product size.

Results and Discussion

In this study Cu nanoparticles were synthesized at different
concentrations of glucose, according to below equation
(Eq. 1) glucose as a green capping reductant provide

electrons to reduce Cu®’'t ionic to Cu metallic
nanoparticles.
Cu*" 4 C¢H 1,06 + H,0 Cu + CeH 07 + 2HT (1)

In this work it was predicted with an increase in the
concentration of glucose as a reducing agent, reduction rate
will be more, so the number of precipitating metallic
clusters increases steeply.

In the recent decades researches have shown that types
of vitamins in the herbs have a positive effect on cancer
patients [31]. The soy bean plant extracts are popularly
recommended for cancer patients [32]. Currently, their rule
seems many common herbals such as green tea, grape seed
extract, ginger, curcumin and artemisinin have high effect
on the treatment of various cancers [33, 34]. Hence by
increasing nucleation, the particle size becomes smaller

A
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and by increasing the number of particles with a high
surface to volume ratio, adhesion occurs. X-ray diffraction
(XRD) is one of the most important non-destructive tools
to analyze all kinds of matter ranging from fluids to pow-
ders and crystals. In order to examine the phase structure
and the purity of the products X-ray diffraction at scan
range of 10 < 20 < 80 was used, peaks can be perfectly
indexed to the face-centered cubic (FCC) crystalline
structure Cu NPs and readily indexed as (111), (200), and
(220) crystal planes, Fig. 2a, b show XRD patterns of Cu
NPs and Cu nanospheres embedded in non-ionic surfac-
tant-based vesicle respectively. XRD pattern obtained from
Cu reduced particles from Cu®" shows no other crystalline
phases were detected in this pattern.

The crystalline size and diameter (Dc) of Cu NPs
nanoparticles can be determined from the diffraction pat-
terns from the full width of the half maximum (FWHM)
with the Debay—Scherer equation about 160-180 nm
(Eqgs. 2-4) [35]:

Dya = 0.94/Bcos0 (2)

where B is the width of the observed diffraction line at its
half intensity maximum, K is taken about 0.9, and A is the
wavelength of X-ray source used in XRD. The plot shows
in Cu nanospheres embedded in non-ionic surfactant-based
vesicle there is the uniformity of the distribution of
nanoparticles with the particle size of 120-150 nm that are
almost accommodation with SEM and TEM images. All

Fig. 3 SEM images of Cu nanospheres embedded in niosomes related to formulations Cs5(S40,5T40,5 (a), C50560,5T60,5 (b), C50S80,5T80,5

(€), C3054035T4035 (d), C3056035T6035 () and C30S8035T8035 (f)
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Fig. 4 TEM image of Cu nanoparticles embedded in niosomes related
to C30S4035T4035 formula (upper), AFM image sample no. 3 of the
synthesized Cu nanoparticles embedded in niosomes (bottom)

measurements were carried out at 25 °C, SEM images of
Cu nanospheres embedded in non-ionic surfactant-based
vesicle showed in Fig. 3. Scanning electron microscopy
and transmission electron microscopy were used to study of
morphology and distribution on the structural form of Cu
nanoparticles embedded in non-ionic surfactant-based
vesicle. SEM images show that new form of nanostructures
were particles separately but agglomerated in some areas,
this is due to an increase in the surface-to-volume ratio and
the activation of the surface of the particles in the bonding
of each other. Elemental mapping of Cu nanoparticles
embedded in non-ionic surfactant-based vesicle by SEM
images is shown in Fig. 3a—f, related to formulations of
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Fig. 5 TG/DTG (a), TG/DTA (b) and DLS (c) analysis of the
synthesized Cu nanoparticles embedded in niosomes

C5054025T40,s5, Cs5056025T602s5, C5058025T805s5,
C30S4035T4035, C3QS6035T6035 and C3058035T8035
respectively. According to SEM images, the particles size
and distribution in low irradiation and low concentration of
glucose are agglomerate, when irradiation time and con-
centration increased form of nanostructures were particles
separately.

TEM image of Cu nanoparticles embedded in non-ionic
surfactant-based vesicle related to C530S4035T4035 formula
is shown in Fig. 4(upper). TEM image has a good agree-
ment with the size of the nanostructures obtained from the
Scherer equation and the scanning electron microscope
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images. Atomic force microscopy (AFM) is a microscopic
technique imaging of surface area topography and serves as
a complementary analysis to determine the size of the
particle size. The AFM image of Cu nanospheres embed-
ded in non-ionic surfactant-based vesicle shown in
Fig. 4(bottom).

The results confirm that the distribution of nanoparticles
with the particle size of 80-110 nm. Figure 5a, b show the
TG/DTG and TG/DTA analysis of the synthesized Cu
nanoparticles embedded in non-ionic surfactant-based
vesicle respectively. DTG describes the decomposition of
the constituents of organic matter at specific temperature,
whereas, in DTA, the material under study and an inert
reference are made to undergo identical thermal cycles,
while recording any temperature difference between sam-
ple and reference, It can be seen that there are three weight-
loss events the first weight-loss is placed in a temperature
range of ~ 50 to 200 °C and is related to water evapora-
tion, weight-loss between temperatures of ~ 200 and
260 °C assigned to the degradation of Cu nanoparticles, the
final stage of weight-loss of structures is after 260 °C
assigned to the degradation of nanoparticles embedded in
non-ionic  surfactant-based vesicle. Dynamic Light
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Fig. 6 The UV-Vis spectrum of Cu NPs (blue line) and Cu
nanospheres embedded in niosomes (orange line) respectively
(a) and photodegradation of methylene blue (MB) under UV
illumination blank (CuNPs), orange (CuNPs@noisome) and blue
(noisome) at 30 min, 60 min, 90 min (b) (Color figure online)

Scattering (DLS) as a physical and non-destructive method
used to determine the distribution sizes of metallic
nanoparticles or quantum dots particles in solutions and
suspensions. The velocity of the motion of particles is
related to their size (the Stokes—Einstein equation), so that
the browning of larger particles is more relaxed than the
browning of smaller particles. Dynamic light scattering
diagram of Cu nanospheres is shown in Fig. 5c. The par-
ticle size of the nanostructures is in the range of 80-120,
which is in agreement with the SEM and XRD data. Glu-
cose as a green capping agent in addition to the prevents
agglomeration can form various chemical bonds with metal
components, thus enhancing the stability of the NPsUV/Vis
spectroscopy is essentially used in analytical chemistry and
biological macromolecules for the quantitative determina-
tion of reflecting variation of % absorbance, such as tran-
sition metal ions, highly conjugated organic compounds.
The fundamental absorption edge in most nanocom-
posites and compounds follows the exponential law,
through the absorption data the band gap value can be
estimated by Tauc’s relationship, according to below
equation (Eq. 3) [36]. The calculated amount for band gap
were 2.2 eV and 2.7 eV for Cu NPs and Cu nanospheres

embedded in non-ionic  surfactant-based  vesicle
respectively.
o = o(hv — Eg)n/hv (3)

where o is absorption coefficient, hv is the photon energy,
o and h are the constants, E, is the optical band gap of the
material, and n depends on the type of electronic transition
and can be any value between 1/2 and 3 [37]. Figure 6a
shows the UV-Vis spectrum of Cu NPs and Cu nano-
spheres embedded in niosomes respectively. The absorp-
tion edge at 542 nm is related to copper nanoparticles, a
broadband around 447 nm is related to Cu nanospheres
embedded in non-ionic surfactant-based vesicle. We have
also detected the fluorescence emission of the Cu
nanoparticles and Cu nanospheres embedded in non-ionic
surfactant-based vesicle by a UV-lamp with 4., = 366 nm
light. The blueshift observed in UV-Vis spectrum could be
due to Cu nanospheres embedded in non-ionic surfactant-
based vesicle are smaller than copper nanoparticles alone,
because smaller nanostructures have more the blueshift.
The photodegradation of MB rate on the surface of Cu
nanospheres embedded in non-ionic surfactant-based
vesicle as photocatalytic nanocomposites was calculated by
the following equation (Eq. 4):
A0 —-A
A0
where Ay and A are initial concentration and changed

absorbencies of dye after ultraviolet irradiation, respec-
tively. Degradation diagrams of methylene blue (MB)

Degradation rate (%) = 100 (4)
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Fig. 7 Injection of 20 ul Cu
NPs to neck area mice

(a) in vivo imaging for Cu
nanospheres embedded in
niosomes in 1% w/v (b, ¢)

under UV illumination for noisome as blank sample, Cu
NPs and Cu nanospheres embedded in non-ionic surfac-
tant-based vesicle suspension was displayed at 20 min,
30 min, 40 min, 60 min, 80 min, 100 min, 120 min in
Fig. 6b. It can be seen that the presence of Cu nanospheres
have major effect on MB decolorization. After 120 min the
photocatalytic decolorization MB for noisome as blank
sample, Cu NPs and Cu nanospheres embedded in non-
ionic surfactant was 72%, 93% and 88%. Cu nanospheres
embedded in non-ionic surfactant-based vesicle suspension
due to suitable distribution particles have high efficiency
for the decolorization MB. Formation of various metal—
oxygen bonds such as Cu-O promotes photocatalytic
activity of MB. mechanism of the catalytic photocatalytic
decolorization of the methylene blue summarized in
equation (Egs. 5-7)

e +0,— 0, (5)
h* + H,0 — H' + OH’ (6)
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In this study we have successfully explored a novel
theranostic platform based on Cu nanospheres embedded in
non-ionic surfactant for investigation of in vivo imaging
effects of Cu nanospheres embedded in non-ionic surfac-
tant in the mice (Balb/c male Inbred rats purchased from
Animal care center aged between 8 and 6 weeks) were
feeded and raised according to the Institutional Animal
Care and Use Committee (IACUC) protocol. After anes-
thetizing the mouse with 5 cc 1:2 ketamine/xylazine we
injected 20 pl Cu nanospheres embedded in non-ionic
surfactant to neck area mice since the light emitted after the
passage of the internal organs the body, as well as the
visible tissue of the body, is valuable in the study of bio-
logical species. The resulting image shows that nanopar-
ticles have good spatial properties in light emission from
the neck tissue. In vivo imaging for Cu nanospheres
embedded in niosomes in 1% w/v indicated in Fig. 7 this
nano sampler will be a convenient and applicable
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replacement for chemotherapy-based therapies. On the
other hand, this nanoparticle can be used in the biomedical
and pharmaceutical industry for diagnostic and imaging
purposes simultaneously with targeted therapy. We pro-
pose the use of Cu nanostructures which synthesized with
green chemistry in the photocatalytic activity of MB and
also imaging of the living organism study as a new way to
eliminate toxic and carcinogenic compounds such as
ethidium bromide in vivo imaging. Magnetic resonance
imaging is a promising noninvasive imaging approach for
preoperative staging of breast cancer and monitoring tumor
response to therapy.

About the mechanism, clinical studies our results sug-
gest that cancer cells can be detected by conjugated Cu
nanospheres embedded in non-ionic surfactant-based
vesicle to glucose structures and tracking these structures
in the body. The metal nanoparticles have high potential as
molecularly targeted, dual modality imaging agents for
in vivo imaging of cancer treatment. The Cu nanospheres
with photocatalytic activity trough photodynamic therapy
(PDT) act as an emerging, non-invasive therapeutic strat-
egy that involves photosensitizer (PS) drugs and external
light for the treatment of cancer.

Conclusion

In this study for the first time, Cu nanospheres embedded in
non-ionic surfactant-based vesicle were synthesized by
coprecipitation assisted microwave method, we used glu-
cose as a green capping to reduce Cu”" ionic to Cu metallic
nanoparticles, products were characterized by X-ray, SEM,
TEM, DLS, TGA and UV-Vis spectrum. Non-ionic sur-
factant-based vesicle as carriers for drug delivery can be
embedded Cu nanoparticles to create antibacterial, targeted
trace and optical properties. Approximate size of nanos-
tructures was estimated 80-110 nm with Debay—Scherer
equation that confirmed by SEM and TEM images. This
new nanostructure which suspended in vesicles can be used
in many applications in the field of drug delivery,
biomedical imaging, cancer therapy, and chemical sensing.
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