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ABSTRACT
Among all cancers that affect women, breast cancer has most mortality rate. It is essential to attain
more safe and efficient anticancer drugs. Recent advances in medical nanotechnology and biotechnol-
ogy have caused in novel improvements in breast and other cancer drug delivery. Methotrexate is an
anticancer drug that prevents the dihydrofolate reductase enzyme, which inhibits in the formation of
DNA, RNA and proteins which have poor water-solubility. For enhancing the solubility and stability of
drugs in delivery systems, we used methotrexate-loaded PLGA- beta-cyclodextrin nanoparticles. The
PLGA- beta-cyclodextrin nanoparticles were synthesized by a double emulsion method and characterized
with FT-IR and SEM. T47D breast cancer cell lines were treated with equal concentrations of methotrex-
ate-loaded PLGA- beta-cyclodextrin nanoparticles and free methotrexate. MTT assay confirmed that
methotrexate-loaded PLGA- beta-cyclodextrin nanoparticles enhanced cytotoxicity and drug delivery in
T47D breast cancer cells. These results indicate that encapsulated drugs could be effective in controlled
drug release for a sustained period would serve the purpose for long-term treatment of many diseases
such as breast cancer.
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Introduction

Among all cancers that affect women, breast cancer has most
mortality rate. In the way of cancer treatments, the delivery of
anticancer drugs may contain straight delivery into the tumor
sites (Nejati-Koshki et al. 2013, Pourhassan-Moghaddam et al.
2013). Currently, chemotherapy is the central way for cancer
therapy, but it is permanently having many different side
effects (Eatemadi et al. 2015, Mollazade et al. 2013). In treat-
ment of human cancers using chemotherapic drugs, these
drugs can cause some toxic side effects in healthy tissues
(Davaran et al. 2014). Therefore, nanotechnology attempts to
resolve these problems by loading drugs or encapsulating to
nanoparticles which are resistant to drug efflux (Daraee et al.
2016a, 2016b, Eatemadi et al. 2014, 2016, Seidi et al. 2014). In
medicine and cancer therapy, nanotechnology has become a
prospective and influential application for the advance and
progress of nanoparticles as drug delivery systems (Mahapatro
and Singh 2011, Xu et al. 2007). By synthesis of a core-shell,
delivery of an well-organized agent to where it is desirable
can be easier and competence of treatment can improved
and it may be obliging for the treatment of breast cancer
(Brannon-Peppas and Blanchette 2012, Kafshdooz et al.
2015a). Drug delivery research using PLGA polymer through-
out the 1970s and 1980s was largely confined to

contraceptive steroids and small peptides such as luteinizing
hormone releasing hormone (LHRH) analogues (Akbarzadeh
et al. 2012a, Herizchi et al. 2016).This polymer developed the
widely used system for curing progressive endometriosis,
prostate cancer, and precocious adolescence (Abbasi et al.
2015, Herizchi et al. 2016). Temporarily, research moved to
the delivery of evolving large molecular weight drugs that
required constant dosage in perfect form (Akbarzadeh et al.
2012a, 2013). Their PLGA microspheres had range of
55–95 lm, protein encapsulation productivities greater than
90%, and were capable of attain slow release profiles over
100 d in vitro (Chung et al. 2015, Freitas et al. 2005). The
insertion of PEG in the copolymer reduced the effects of
ambiguous protein colloidal and adsorption aggregation,
more simplifying lengthy transmission (Gholizadeh-Ghaleh
Aziz et al. 2015, Zhang and van Duijneveldt 2006).
Advancement in nanotechnology has created many advanced
devices based on PLGA (Davaran et al. 2013, L€u et al. 2009).
By this means, the selective delivery of methotrexate to tumor
cells would significantly decrease drug toxicity, and increase
its therapeutic effects (Fakhravar et al. 2015, Kukowska-Latallo
et al. 2005).

Methotrexate (2S)-2-[[4-[(2,4-diaminopteridin-6-yl) methyl-
methylamine] benzoyl] amino] (MTX) is an anticancer drug
that prevents the dihydrofolate reductase enzyme, which

CONTACT Dr. Abolfazl Akbarzadeh akbarzadehab@tbzmed.ac.ir Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz 5154853431, Iran;
Dr Soodabeh Davaran davaran@tbzmed.ac.ir Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz, Iran, Tabriz 5154853431, Iran
� 2016 Informa UK Limited, trading as Taylor & Francis Group

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY, 2017
VOL. 45, NO. 3, 432–440
http://dx.doi.org/10.3109/21691401.2016.1160915



inhibits in the formation of DNA, RNA, and proteins
(Akbarzadeh et al. 2012a, Barbosa et al. 2014). Among a var-
iety of drug delivery vehicles, polymer nanoparticles have
been further broad as of their facility and prospective to
besieged and preferential delivery of drugs to cancer tissues
(Akbarzadeh et al. 2012b, Ghosh et al. 2008).

As discussed above, copolymers such as PCL-PEG, PLGA-
PEG, and PLA-PEG promise to be a successful system for the
targeted and controlled release of cisplatin, doxorubicin, and
5-fluorouracil with decreased systemic toxicity, increased
therapeutic efficiency, and patient compliance (Akbarzadeh
et al. 2012a, Milani et al. 2015). This study explored the cell
toxicity effect of the three main chemotherapy drugs (cis-
platin, doxorubicin, and 5-fluorouracil) on two cell lines attrib-
uted to breast cancer (T47D and MCF7) to obtain an
appropriate comparing data(Akbarzadeh et al. 2012c, Daraee
et al. 2015).

Materials and methods

Materials

T47D breast cell lines were prepared from the Pasteur
Institute of Iran. Fetal bovine serum (FBS), RPMI-1640, and
trypsin-EDTA were purchased from Gibco, Invitrogen (UK).
One liter of RPMI 1640 were supplemented with 2 mg sodium
bicarbonate (Merck, Germany), and 0.08 mg penicillin-G (Serva
co, Germany), 0.2 mg amphotericin B, 10% heat-inactivated
fetal bovine serum (FBS) (Gibco, Invitrogen, UK), and 50 mg
streptomycin (Merck, Germany). MTT (3(4,5-dimethylthiazol-2-
yl) 2,5-diphenyl-tetrazolium bromide), and DMSO (dimethyl
sulfoxide) were purchased from Gibco, Invitrogen (UK). D,L-lac-
tide and glycolide, beta-Cyclodextrin, polyvinyl alcohol (PVA),
stannous octoate [Sn(Oct)2], stannous 2-ethylhexanoate, and
dichloromethane (DCM) were prepared from Sigma-Aldrich
(St. Louis, MO). Infrared spectra (FT-IR) were done with Fourier
transform infrared spectroscopy (FTIR, Perkin Elmer Series) at
room temperature. A KYKY model EM3200 were used for
scanning electron microscopy (SEM) measurements. The
drug-loading (DL) capacity was recorded using a UV–Vis
2550 spectrometer (Shimadzu). The organic phase was
vaporized using a rotary (Rotary Evaporator, Heidolph

Instruments, Hei-VAP series). The samples were homogenized
using a homogenizer (Silent Crusher M, Heidolph Instruments
GmbH, Schwa Bach, Germany).

Synthesis and characterization of poly (lactic-co-glycolic
acid) (PLGA)- beta-cyclodextrin (bC) copolymer

PLGA was the introduced choices because of their high bio
adaptability and biodegradability combination of therapeutic
drugs to polymers and has been actively traced to develop
the pharmacological and pharmacokinetic possessions of
therapeutic particles. Polyesters, alone and also can amalgam-
ation with other polymers, have been broadly modified for
the formulation of NPs. These polymers can be shaped by
chemically linking preformed polymers (polymer first method)
or by growing polymer chains from a multifunctional motiv-
ator. D,L-lactide and glycolide and beta-cyclodextrin were
heated while stirring to 40 �C, in a nitrogen atmosphere fol-
lowed by the addition of 0.05% of stannous octoate [Sn(Oct)2]
as the catalyst. After, the temperature was increased to 150 �C
and 15 min continued to achieved the viscous blend. The
solvent was separated using dissolving the mixture in
dichloromethane (DCM) by boiling. The solution was washed
with water and diluted with DMC and added dropwise within
30 min to methanol at �30 �C. Finally, the product was filtered
off and lyophilized chemical structure of PLGA-b-CD copoly-
mer is shown in Figure 1. The precipitate was stored in a des-
iccator until it was used. The morphology of the nanoparticles
was characterized using SEM. The FT-IR spectrum was gained
from a neat film cast of the chloroform copolymer solution
between KBr tablets (As�ın et al. 2012, Hadjipanayis Costas
et al. 2010, Kimura et al. 2009, Kong et al. 2012, Mulens et al.
2013, Munaweera et al. 2015, Sukumar et al. 2013).

Methotrexate loading

PLGA-bC nanoparticles loaded with methotrexate were pre-
pared using the double emulsion method. The methotrexate
(10 mg/ml) was added and emulsified in buffer phosphate.
Thus, 100 mg of the PLGA-bC nanoparticles was emulsified in
the DCM, using probe sonication at 10 W for 45 s and the
obtained mixture was added to drug solution. The mixture

Figure 1. Chemical structure of PLGA-b-CD copolymer.
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obtained (w/o emulsion) was added to an aqueous solution of
polyvinyl alcohol (PVA) 1%, and was then probe sonicated for
1 min, until the evaporation of the organic phase was com-
plete and the mixture obtained (w/o/w emulsion) was gently
stirred at room temperature. Nanoparticles gained by three
times centrifugation at 12,000 rpm for 15 min and were iso-
lated. Nanoparticles supernatants were detached and stock-
piled for subsequent experiments (Asin et al. 2012, Cervadoro
et al. 2013, Ding et al. 2013, Landi 2013, Mulens et al. 2013,
Obaidat et al. 2015, Sadhukha et al. 2013).

Determination of methotrexate entrapment efficiency
(EE) and drug loading (DL)

To calculate the encapsulation efficiency (EE) and the drug-
loading (DL) rate of the obtained solution, for methotrexate,
the supernatant was isolated and used for comparison with
the total amount of methotrexate.

The amount of non-encapsulated methotrexate in the super-
natant was calculated by using an ultraviolet 2550 spectropho-
tometer (Shimadzu), with an absorbance peak at 299 nm. The
following formula was used to measure the percent of

Figure 2. 1H-NMR spectrum of PLGA-b-CD copolymer.

Figure 3. Fourier transform infrared spectroscopy (FT-IR) of pure methotrexate.
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methotrexate encapsulated in the nanoparticles (Equation (1)),
and the rate of DL (Equation (2)) (Babu et al. 2013, Disch et al.
2012, Gudoshnikov et al. 2012, Jiang et al. 2013, Rivas et al.
2012).

EE ¼ Initial amount of MTX � Supernatant free amount of MTX
Initial amount of drug

� 100%

(1)

DL ¼ Initial amount of MTX � Supernatant free amount of MTX
Initial amount of NPs

� 100%

(2)

Cell culture and cell line

T47D breast cell lines were cultured in RPMI1640 medium
complemented with and 2 mg/ml sodium bicarbonate,
0.05 mg/ml penicillin-G, 0.08 mg/ml of streptomycin, 10%
heat-inactivated FBS, and the cells were grown at 37 �C in an
incubator with 55% humidity and 5% CO2.

Cell viability and MTT-based cytotoxicity test (Mellatyar
et al. 2014)

T47D breast cell lines were exposed to free methotrexate and
methotrexate-loaded PLGA-bC in the exponential phase of
growth and cytotoxicity assay was calculated at 24 h after
treatment using the MTT assay. Ten thousand cells/well in a

Figure 4. Fourier transform infrared spectroscopy (FT-IR) of poly (lactic-co-glycolic acid) (PLGA)-beta-cyclodextrin (bC) copolymer.

Figure 5. Fourier transform infrared spectroscopy (FT-IR) of methotrexate-poly (lactic-co-glycolic acid) (PLGA)-beta-cyclodextrin (bC) copolymer.
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96-well plate were seeded and reserved for 24 h in the incu-
bator to promote cell attachment. Then T47D cell lines were
treated in the triplicate manner with different concentrations
of free methotrexate and methotrexate-loaded PLGA-bC
(0–320 lM) for 24 h. Three controls were used such as cells
alone, 1% DMSO, and PLGA-bC control for estimation of nano-
particle effect. After 24 h drug exposure durations, the
medium was substituted with 200 lL fresh RPMI-1640 medium
for 24 h. The cells were incubated with 50 lL of 2 mg/ml MTT
which dissolved in PBS, for 4 h. Then, the content of all wells
was replaced with 200 lL pure DMSO and 25 lL Sorensen’s
glycine buffer. Finally, in a reference wavelength of 630 nm,
an ELISA-reader was used to estimate the absorbance meas-
urement at 570 nm (Baviskar et al. 2012, C�amara et al. 2014,
Cervadoro et al. 2013, Gudoshnikov et al. 2012, 2013,
Martinez-Boubeta et al. 2013, Thakor et al. 2013).

Results

NMR and FT-IR spectrum of methotrexate, PLGA-bC, and
methotrexate-loaded PLGA-bC

The chemical structures of the copolymers composition of the
copolymers were determined with H-NMR (Bruker spectra spin
400 MHz, Leipzig, Germany) (Figure 2). The first must freeze
dried nanoparticles, then dissolved in DMSO showed the con-
figuration for the particles was closely the same as that of the
original matrix. Although the H-NMR spectra of polyesters
show the resonance signals for typical linear PLGA protons,
there are other peaks, due to the amalgamation of b-CD. FT-
IR spectroscopy was done by Shimadzu spectrophotometer.
FT-IR spectra of methotrexate-loaded methotrexate and PLGA-
bC are described. The characteristic peak of methotrexate
was showed in Figure 1 at 3464 cm�1 (-NH stretching),
1648.4 cm�1 (COOH), 1653 cm�1 (CONH) and 853.88 cm�1

(aromatic stretch). Successfully, PLGA-bC co-polymer nanopar-
ticles were perpetrated by ring-opening copolymerization of
PLGA and bC. The FT-IR spectrum is compatible with the
structure of presupposed PLGA-bC copolymer. FT-IR

spectroscopy was used to show the original and main struc-
ture of PLGA-bC copolymer nanoparticle. FT-IR spectral data
were used to confirm the chemical stability of methotrexate
in PLGA-bC. These absorption bands indicate that the PLGA-
bC block copolymer was successfully synthesized and encap-
sulated in methotrexate. The FT-IR spectra of methotrexate,
PLGA-bC, and methotrexate-loaded PLGA-bC are shown in
Figures 3, 4, and 5, respectively.

Determination of morphology of the drug-loaded
nanoparticle

The morphology of methotrexate-poly (lactic-co-glycolic acid)
(PLGA)-beta-cyclodextrin (bC) copolymer was detected using a

Figure 6. Scanning electron microscopy (SEM) of nanoparticles surface fabricated by PLGA-b-CD(I) with mtx.

Figure 7. Cytotoxicity effect of PLGA-bC methotrexate complex and free metho-
trexate on T47D for 24 h. *: P values< 0.05 was considered statistically significant.
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scanning electron microscopy (SEM). For the SEM, the lyophi-
lized copolymers were located on a double stick tape over
aluminum stubs to become a uniform layer of nanoparticles.
Prior to investigation, samples were ready on aluminum stubs
and covered with gold under argon atmosphere by means of
a sputter coater. Figure 6 displays polymer containing metho-
trexate. The average particle size of samples was 70 to
200 nm.

Entrapment efficiency (EE) and drug loading (DL)

The methotrexate content in the methotrexate-poly (lactic-co-
glycolic acid) (PLGA)-beta-cyclodextrin (bC) copolymer was cal-
culated using the ultraviolet spectrophotometer. The metho-
trexate-loading content and drug entrapment efficiency were
calculated based on the Equations (1) and (2), respectively.
The drug loading for methotrexate was 18%. The entrapment
efficiency for methotrexate was 80%.

Figure 9. Cytotoxicity effect of PLGA-bC methotrexate complex and free metho-
trexate on T47D for 72 h. *: P values< 0.05 was considered statistically significant.

Figure 8. Cytotoxicity effect of PLGA-bC methotrexate complex and free metho-
trexate on T47D for 48 h. *: P values< 0.05 was considered statistically significant.

Figure 10. Cytotoxicity study of free drug and drug loaded nanoparticles on T47D cell line after, 24 h (a), 48 h (b), and 72 h (c) exposure.
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Cell cytotoxicity (MTT assay)

In this study cell viability was assessed by MTT assay through
exposing T47D breast cancer cell line to different concentra-
tions of pure methotrexate and methotrexate-loaded PLGA-bC
for 24 h. The T47D cell toxicity was increased by rising the
methotrexate amount, which shows the way that methotrex-
ate is dose-dependent and the cell viability is opposite. The
pure methotrexate had cytotoxic effect on T47D breast cancer
cell lines.

Inhibitory concentration at 50% (IC50) of free methotrexate
on T47D was 0.391, 0.361, and 0.285 mg/ml for 24, 48, and
72 h, respectively. IC50 of methotrexate-poly (lactic-co-glycolic
acid) (PLGA)-beta-cyclodextrin (bC) copolymer on T47D was
0.318, 0.294, and 0.241 mg/ml for 24, 48, and 72 h, respectively
(Figures 7–9). DMSO and PCL-PEG have very low cytotoxicity
effect on the T47D cells because PLGA-bC and DMSO 1%
showed an absorbance value equivalent of 99 and 98% of
control for T47D cell lines. The PRISM 4 program was used for
plotting the graphs. Cytotoxicity study of free drug and drug
loaded nanoparticles on T47D cell line after, 24, 48, and 72 h
exposure are shown in Figure 10.

Discussion and conclusion

In treatment of human cancers using chemotherapic drugs,
these drugs can cause some toxic side effects in healthy tis-
sues. Therefore, nanotechnology attempts to resolve these
problems by loading drugs or encapsulating to nanoparticles
which are resistant to drug efflux (Akbarzadeh et al. 2012d,
Daraee et al. 2016a, Eatemadi et al. 2014, 2016, Tsuda 2010).
In these studies, we examined the antiproliferative effects of
methotrexate-loaded PLGA-bC and methotrexate free on T47D
breast cancer cell line. Methotrexate is an anticancer drug
that prevents the dihydrofolate reductase enzyme, which
inhibits in the formation of DNA, RNA, and proteins (Ahmadi-
Aghkand et al. 2015, Barbosa et al. 2014). Methotrexate-
loaded poly (lactic-co-glycolic acid) (PLGA)-beta-
cyclodextrin(bC) copolymer is prepared by the double emul-
sion method (Majidi et al. 2015). The FT-IR spectra did not
identify any accumulated drug material in the freshly pre-
pared freeze-dried nanoparticles (Kafshdooz et al. 2015a,
Mellatyar et al. 2014). The analysis was shown that polymer
was successfully synthesized. MTT assay showed that metho-
trexate-loaded PLGA-bC has more cell death effect than free
methotrexate on T47D breast cancer cell line in same condi-
tion. Several studies have been shown that encapsulating
drugs to PLGA or PCL nanoparticles can effectively decreases
dosage of drug and causes low adverse side effects of the
drug (Alimohammadi and Joo 2014, Eatemadi et al. 2015,
Nejati-Koshki et al. 2013). The results suggest that methotrex-
ate-loaded poly (lactic-co-glycolic acid) (PLGA)-beta-cyclodex-
trin (bC) copolymer is appropriate candidate for the
chemotherapy. The entrapment of methotrexate within poly
(lactic-co-glycolic acid) (PLGA)-beta-cyclodextrin (bC) copoly-
mer remarkably enhanced the IC50 and cell toxicity parameters
of methotrexate. Also, either free or encapsulated methotrex-
ate effect at minimum amount on T47D was compared with
free and encapsulated methotrexate (Kafshdooz et al. 2015b).

These results indicate that methotrexate-loaded poly (lactic-
co-glycolic acid) (PLGA)-beta-cyclodextrin (bC) copolymer
nanoparticles could be effective in controlled drug release
for a sustained period would serve the purpose for long
term treatment of many disease such as breast cancer.
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