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Abstract New hopes in cancer treatment have been

emerged using functional nanoparticles. In this work, we

tried to synthesize gold nanoparticles and gold nanoparticles

conjugated with DNA extracted from human breast cancer

cells. After synthesizing, gold nanoparticles were mixed

with nanoliposomal hydroxyurea and corresponding com-

pounds were formed. They were described by UV–Visible

spectrophotometry and Zeta sizer. Amount of drug loading

into liposomes was determined by spectrophotometry and

cytotoxicity effect on MCF-7 cells was measure by MTT

assay. Drug loading was determined to be 70 %. Size, size

distribution and Zeta potential of particles were 473 nm,

0.46 and -21 mV for control nanoliposomal ones and

351 nm, 0.38 and -25 mV for nanoliposomal particles

containing hydroxyurea. This was 29 nm, 0.23 and -30 mV

for gold nanoparticles and 502 nm, 0.41 and -38 mV for

nanoliposomes containing drug loaded by gold nanoparticles

conjugated with DNA. It was found that nano conjugated

complex in concentrations less than 20 lM of hydroxyurea

can improve efficiency compared with liposomal drug. In

maximum concentration of drug (2,500 lM), cytotoxicity

was equal to 95 %. In minimum concentration of drug

(5 lM), cytotoxicity of liposomal drug and conjugated

complex were 70 and 81 %, respectively which probably

comes from increased drug entry into cells due to the pres-

ence of gold nanoparticles. Free drug resulted in toxicity of

32 % in 5 lM and 88 % in 2,500 lM. Results demonstrated

higher drug efficiency in nanoparticle form compared with

free form which can be used in in vivo studies.
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Introduction

Medical application of multifunctional nanostructures is

facing growing interest. Recent advances in engineering

and technology has led to synthesizing various nanostruc-

tures such as quantum dots, nano shells and nanoparticles,

paramagnetic nanoparticles, carbon nanotubes and lipid-

based systems [1]. Such compounds result in decreasing

side effect and increasing efficiency of chemotherapeutic

agents [2]. In addition, they are used to cross biological

barriers, protecting drug and releasing optimal dose [3].

Using nanoparticles as drug carrier refers to two important

properties: They can penetrate the cell through tiny capil-

laries due to small size and effective accumulation of drug

at target sites as well as sustained release of the drug in the

target position for a period of a few days or a few weeks

due to using biocompatible materials in synthesizing

nanoparticles [4]. Liposomes are common drug carriers

some of which like Doxil is verified by FDA [5]. Lipo-

somes are phospholipid vesicles with hydrophobic tail and

a hydrophilic head. Because of amphipathic properties,

they can encapsulate water soluble drugs in internal phase

and lipid soluble molecules in hydrophobic membrane [6].
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Due to the physical and chemical properties of gold

nanoparticles, they are focus of interest in medical field [7,

8]. They are used for various applications such as cell

regulation, cell expression, chemotherapy and drug deliv-

ery. Liposomes are appropriate compounds for delivering

gold nanoparticles in cell. Using liposomes can improve

cellular absorption of gold nanoparticles. They can also

provide possibility of targeted delivery due to easy linkage

of ligands to surface of liposomes containing nanoparticles

[9]. Hydroxyurea is an anti-cancer drug which is com-

monly used in treatment of myeloproliferative disorders in

breast cancer [10, 11]. In spite of anti-cancer properties, it

has adverse side effects, too. Drowsiness, nausea, vomiting

and diarrhea are some of side effects. Also mucositis,

constipation, anorexia, stomatitis, bone marrow toxicity,

hair loss, skin changes, changes in liver enzymes, blood

creatinine and urea are other side effects [10]. Considering

mentioned points, we tried to synthesize nanoliposomal

hydroxyurea as well as gold nanoparticles. Additionally,

nanoparticles were mixed with liposomal drug (gold

nanoparticle complex). On the other hand, gold nanopar-

ticles were conjugated with DNA extracted from MCF-7

cells and mixed with liposomal drug. Cytotoxicity of all

formulations was compared with free drug by MTT assay

in addition to evaluating size, size distribution, Zeta

potential and drug loading efficiency.

Materials and Methods

Materials

Isopropanol and ethanol were purchased from Merck. Cho-

lesterol, hydroxyurea, phosphatidyl choline, H[AuCl4],

Na3C6H5O7�2H2O and MTT were purchased from Sigma.

Polyethylene glycol 3500 was purchased from Kimiyaga-

rane emrooz (Iran) and RPMI 1640 culture medium from

Invitrogen. MCF-7 cell line was supplied by Pasteur Institute

of Iran. Water used through this study was in distillated form.

Synthesizing Pegylated Nanoliposomal Hydroxyurea

To synthesizing pegylated nanoliposomal hydroxyurea,

lecithin, cholesterol and polyethylene glycol (portion of

500, 50 and 25 mg) were mixed in 50 ml ethanol 98 %

(water bath, 40 �C) and stirred (300 rpm, 1 h). After

mixing, a homogenous and yellow suspension was formed

and ethanol was evaporated by rotary evaporator (Hei-

dolph, Germany) in 50 �C and 90 rpm. 10 ml phosphate

buffer (pH 7.2) and hydroxyurea (20 mg) were added to

resultant gel and stirred. The suspension was sonicated

(60 Hz, Bandelin Sonorex Digitec) for 10 min and

homogenized by homogenizer (10 min, 7,500 rpm).

Determining Drug Loading Efficiency

To determine drug loading efficiency, liposomal hydroxy-

urea was centrifuged at 21,000 rpm and 4 �C for 30 min.

The supernatant was separated and its light absorbance was

measured in 215 nm (SHIMADZU spectrophotometer,

UV—1601PC). Drug loading efficiency was calculated by

below formula:

For standard curve, different concentrations of

hydroxyurea were prepared and absorbance was measured

in 215 nm.

Preparing Gold Nanoparticles

Gold nanoparticles were prepared according to previous

studies [12]. Briefly, H[AuCl4] was used as gold salt while

Na3C6H5O7�2H2O was the reducing agent. Gold salt solu-

tion (5 mM) was heated to boiling point. It was yellow in

this stage. After adding sodium citrate, it was converted to

citric acid which causes changing the color from yellow to

transparent colorless and then black and totally red [13]. In

all stages, it was heating and stirring. When color change

was fulfilled, it was stirred to cool down. Nanoparticles

containing amino acid passed the same process, although

aspartic acid (final concentration of 10 lM) was added to

reaction medium before adding gold salt.

Extracting DNA for Conjugating with Gold

Nanoparticle

Extracting DNA from MCF-7 cells was carried out

according to Strauss method [14]. Total concentration of

DNA was 30 lg/ml.

Loading efficiency ¼ Initial concentration of hydroxyurea � concentration of hydroxyurea in supernatant

Initial concentration of hydroxyurea
� 100
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Conjugating Gold Nanoparticles with DNA

Resultant DNA (100 ll and 30 lg/ml) was incubated with

gold nanoparticle (10 mM and 2 ml) for 48 h (100 rpm,

room temperature). Spectrophotometry was applied to

confirm conjugation.

Preparing Complex of Gold Nanoparticles and Nano

Conjugates

Nano conjugates were added to definite portions of lipo-

somal suspension. At the end, concentration of gold nano

particles was 100 lM. It was vortexed for 10 min and

sonicated for 20 min. The process was the same for gold

nanoparticle complex.

Describing Nanoparticles by Size, Size Distribution

and Zeta Potential

To describe nanoparticles by size, size distribution and

Zeta potential, Zeta sizer (nano-Zs Zen 3600, Malvern

instruments UK) was used.

MTT Assay for Evaluating Cytotoxicity

To evaluate cytotoxicity effect of hydroxyurea and com-

paring different formulations, MTT assay was used. MCF-

7 cells were poured in 96-well plate (1 9 104 cell per well)

in RPMI 1640 culture medium. Culture medium containing

10 % fetal bovine serum and 1 % antibiotic (penicillin/

streptomycin) were incubated at 37 �C with 10 % CO2.

After 24 h, the supernatant was removed and cells were

treated with concentration of 0, 5, 10, 20, 39.78, 156 and

312 lM nanoliposomal as well as free hydroxyurea. After

incubating for 48 h, 100 ll MTT (0.5 mg/ml PBS, pH 7.4)

was added to each well. Incubation was carried out for 3 h

in 37 �C. Then MTT was removed and 200 ll isopropanol

100 % was added to each well in order to solve formazan

crystals. Absorbance was measured at 570 nm by Elisa

reader (BioTek Instruments, VT, USA). Experiments were

triplet and repeated for 3 times. Cell cytotoxicity was

determined by calculating portion of absorbance of treated

cells to control cells.

Results

Size, Size Distribution and Zeta Potential for Different

Nanoparticles

Control and drug containing nanoliposomes were synthe-

sized successfully. Mixing drug containing liposome and

gold nanoparticles and nano conjugates lead to formation

of two drug complexes. Gold nanoparticles had the mini-

mum size and size distribution of 35 nm and 0.23; however

conjugating these particles to DNA, increased the size

significantly. Nano conjugates complex had the maximum

size of 502 nm. Zeta potential was negative for all for-

mulations. Nano conjugates demonstrated the lowest Zeta

potential of -15 mV and the highest Zeta potential of

-38 mV belonged to nano conjugates complex. Size dis-

tribution for all compounds was evaluated to be appropri-

ate. Gold nanoparticles had minimum size distribution

whereas nanoliposomal particles had the maximum. As it is

evident in Table 1, nanoparticle properties notably depend

on formulation.

Verifying Conjugation of Gold Nanoparticles to DNA

Results of UV–Visible spectrophotometry which is indi-

cated in Fig. 1, verifies conjugation.

As indicated in Fig. 1, two distinct spectrums were

obtained. Green one belongs to gold nanoparticles and blue

one to nano conjugates.

Table 1 Properties of synthesized formulations

Formulation Properties

Size

(nm)

Size

distribution

Zeta

potential (mV)

Control liposome 473 0.46 -21

Liposomal hydroxyurea 351 0.38 -25

Gold nanoparticle 35 0.23 -30

Nano conjugate 305 0.33 -15

Liposomal drug–nano

conjugate complex

502 0.41 -38
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Fig. 1 Spectrophotometry of gold nanoparticles (green) and nano

conjugates (blue)
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Drug Loading Efficiency

Drug loading efficiency was calculated considering

hydroxyurea standard curve. It was estimated to be 70 %.

Cytotoxicity of Different Formulations

It was observed that non drug containing liposomes have

no cytotoxicity effect even in high concentrations. In

addition, all drug containing formulations showed higher

cytotoxicity compared with free drug (Fig. 2). Although all

drug containing formulations including hydroxyurea-loa-

ded liposome (Fig. 3) and two other nanodrug complexes

demonstrated nearly same cytotoxicity in maximum con-

centration of 2,500 lM, nano conjugate complex showed

considerably high toxicity in minimum concentration. In

all formulations, cytotoxicity reduced by decreasing drug

concentration; however it represented an ascending trend in

spite of decreasing drug concentration in concentrations of

less than 80 lM for gold nanoparticle complex (Fig. 4) and

40 lM for nano conjugate complex (Fig. 5). It should be

added that, in mentioned concentrations of nano conjugate

complex, concentration of gold nanoparticles was 1.5 lM

while it was 3 lM for gold nanoparticle complex.

Discussion

The most common problems of drug delivery systems

include poor bioavailability, poor in vivo stability, low

solubility and low intestinal absorption. The other chal-

lenge is weakness of targeted and continuous drug delivery

system. In addition, low efficiency of treatment, side
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Fig. 2 Cytotoxicity effect of hydroxyurea (blue) and hydroxyurea

loaded into liposomal nanoparticle (red), hydroxyurea loaded into

gold nanoparticles complex (yellow), and nano conjugate complex

(green) on MCF-7 cell line after 48 h of incubation. Results are

presented as mean ± 5 % error of three independent experiments. As

displayed in the figure, all formulations have a higher cytotoxicity

compared with free form. In maximum concentration (2,500 lM),

cytotoxicity effect of all formulations were approximately the same

while in concentrations of lower than 20 lM, nano conjugate

complex applied highest cytotoxicity
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Fig. 3 Cytotoxicity effect of hydroxyurea and nanoliposomal

hydroxyurea on MCF-7 cell line after 48 h of incubation. Results

are presented as mean ± 5 % error of three independent experiments.

As it is displayed in the figure, loading drug into liposomes has

notably improved cytotoxicity
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Fig. 4 Cytotoxicity effect of hydroxyurea and hydroxyurea loaded

into gold nanoparticle complex on MCF-7 cell line after 48 h of

incubation. Results are presented as mean ± 5 % error of three

independent experiments. Improving drug efficiency in nanoparticle

form compared with free form is also evident in this figure.

Furthermore it illustrates cytotoxicity reduction by decreasing drug

concentration which was valid for concentrations higher than 80 lM.

In lower concentrations of 80 lM (i.e. gold NP concentration was

about 3 lM), it showed an increasement in cytotoxicity in spite of

reducing drug concentration
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effects and plasma oscillations associated with this system

is another obstacle. Applying nanotechnology in drug

delivery is an effective solution to overcome such chal-

lenges. Nanostructures are employed in such systems.

Nanostructures are able to avoid hydrolytic and enzymatic

gastrointestinal degradation of encapsulated drugs and

deliver a variety of drugs to various parts of body for

continuous release [15–17]. Liposome is one type of such

particles. In this study, we succeeded to synthesize lipo-

some by reverse phase evaporation. Obtained liposomes

had favorable properties such as appropriate size, size

distribution and Zeta potential. The stability of liposomes

was investigated. So after 2 months of synthesize, the

resulting suspension was examined again by Zeta sizer and

was determined to be unchanged. Furthermore, the effect

of sonication and homogenization on the size of the lipo-

somes was fundamental since after sonication and

homogenization, the size was reduced to almost a quarter.

Drug loading efficiency was calculated to be 70 %.

On the other hand, gold nanoparticles were synthesized in

small size. The size was increased significantly by conju-

gating with DNA. All formulations demonstrated higher

toxicity probably due to delayed release. Cytotoxicity was

decreased by reducing drug concentration. This was valid up

to 80 lM for gold nanoparticle complex and 40 lM for

conjugated complex. In fewer concentrations, cytotoxicity

was increased. The difference between such complexes and

drug containing nanoliposomes comes from existence of

gold nanoparticles and nano conjugates and cytotoxicity

probably comes from existence of these particles. It should

be added that certain concentration of nanoparticle is

essential to achieve highest efficiency. This was 3 lM for

gold nanoparticle complex and 1.5 lM for nano conjugated

complex. This was presumably due to effect of gold nano-

particle on enhancing drug entry to cell. Additionally, it is

possible that in such concentrations nanoparticles are in

individually dispersed form and demonstrate higher level of

activity. Negative charge of DNA, causes stability confir-

mation and higher dispersion. Furthermore, all formulations

had high level of stability considering Zeta potentials. If all

particles of suspension had same electrical charge, they

would repel each other and formation of lump was not pos-

sible [18] which causes stability. The other notable point was

existence of polyethylene glycol in formulations. It was able

to improve efficiency and stability in blood [19]. Totally,

considering impressive improvement of hydroxyurea prop-

erties, it is recommended to investigate possibility of above-

mentioned achievements for in vivo studies.
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