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Abstract

Background: Drug delivery systems have been designed to achieve targeted delivery and control the release rate
of the drugs. A serious challenge associated with drug delivery systems is the presence of the blood-brain barrier which
limits drugs penetration. In the current study, the effects of cisplatin nanoparticles on A172 brain cancer cell line were
investigated. Methods: Cisplatin nanoparticles were produced by miniemulsion polymerization technique and their
properties were evaluated. Drug release assay was performed to characterize the nanoparticles’ properties. Here, we
examined the effects of cisplatin nanoparticles and free form of cisplatin on A172 cancer cell line. MTT assay was
performed for different concentrations of the drug. To measure the apoptosis rate in A172 cell line in the presence
of cisplatin nanoparticles or its free from, Annexin V staining method was used. Results: Our results indicated that
loading type of cisplatin was physical loading and only 4.7% of cisplatin was released after 68 h. Furthermore, MTT
assay showed that cisplatin nanoparticles in all concentrations had more cytotoxic effects on the cells comparing with
the free form of cisplatin and control groups. We also showed that cisplatin nanoparticles could increase apoptosis
in cancer cells more than the drug in the free form by using flow cytometry technique. Conclusion: Overall, these
findings proved that cisplatin loaded on poly (Butylcyanoacrylate) nanoparticles, was more efficient than the free form
of cisplatin in treating A172 cancer cell line.

Keywords: Cisplatin- poly (Butylcyanoacrylate) nanoparticles- apoptosis- A172 cells

Asian Pac J Cancer Prev, 20 (1), 303-309

Introduction

A specialized vascular endothelium covers the brain,
which is called blood-brain barrier (BBB). The BBB
has direct interactions with neurons, pericytes, and
alsoastrocytes. Furthermore, it separates and protects the
brain from circulating blood (Daneman and Prat, 2015).
Some functions have been described for the BBB such as
ion regulation, separating central and peripheral transmitter
pools, and selective penetration of macromolecules and
nutrients (Abbott et al., 2010). Although the presence and
integrity of the BBB is vital for normal brain functions, it
prevents efficient drug delivery to the brain as well. Some
solutions have been proposed to overcome such problem,
including manipulating the chemical structure of the drugs
and attaching the drugs to liposomes, immunoglobulins,
and nanoparticles (Tajes et al., 2014). In many cases, local

drug delivery is preferred over systemic drug delivery with
a slow release rate in order to decrease side effects and
toxicity induced by the drug. Drug delivery systems are
engineered biomedical tools that are used to control the
release rate or targeted delivery of the drugs. However,
some introduced systems are able to control both features
(Jain, 2008; Tiwari et al., 2012). Indeed, nanoparticles
have numerous medicinal and industrial usages (Ebrahimi
Far et al., 2017; Izadi et al., 2016). Definitely, different
nanoparticles (NPs) are used in drug delivery such as
liposomal NPs (Izadi et al., 2016; Poy et al., 2016; Poy
et al., 2018), niosomal nanoparticles (Amiri et al., 2016;
Kanaani et al., 2017), and Nano-Poly Butyl Cyanoacrylate
(Kanaani et al., 2017). Nanotechnology proposed new
treatment methods for human diseases such as cancers.
Research has shown that NPs can pass the BBB and can be
used as an effective drug delivery system in some diseases
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such as brain cancer (Kreuter et al., 2002; Costantino et al.,
2005; Sumner and Kopelman, 2005). Various types of NPs
with natural (i.e. Chitosan and Liposomes) or synthetic
(i.e. Polyethyleneimine and Polylactic acid) origins
have been produced and examined for drug delivery (De
Jong and Borm, 2008). Poly (Butylcyanoacrylate) NPs
(PBCA-NPs) were the first polymer-based NPs used to
deliver the drugs to the central nervous system (Patel et
al., 2012).

The effects and properties of these NPs have been
studied extensively and research has indicated that it
can be used as an efficient delivery system to overcome
the barrier in the brain. PBCA NPs have some favorable
properties comparing with other NPs such as having small
size, easy penetration to capillaries, its stability in in-vitro
conditions, and its good ability to pass the BBB and deliver
the drugs to the brain cells effectively (Garcia-Garcia et
al., 2005; Lin et al., 2012; Masserini, 2013).

Apoptosis is a programmed suicide process that
leads to cell death. Although it occurs normally in the
body, sometimes it also acts as a defense mechanism.
Various triggers have been identified that are able to
initiate apoptosis. A good example of such triggers is
DNA damage. Some drugs that are used for cancer
treatment can cause damage to DNA in some cells and
therefore trigger the apoptosis. An instance of such drugs
is cisplatin. Cisplatin or cis-diamminedichloroplatinum
(IT) is a metallic anti-cancer drug that has been used
successfully in the treatment of various human cancers
(Elmore, 2007; Dasari and Tchounwou, 2014). The
drug can cause DNA damage in the cancer cells and
subsequently initiate apoptosis (Reedijk and Lohman,
1985). Several delivery systems have been used to carry
cisplatin into the target organs, but there is no effective
form of the carriers for therapeutic purposes because of the
drug’s low hydrophilic and lipophilic properties (Bandak
etal., 1999; Newman etal., 1999; Vaage et al., 1999; Hirai
et al., 2010). In the current study, we investigated the
effects of cisplatin-PBCA NPs (produced by miniemulsion
polymerization method) on A172 cells as a cancer tissue-
derived cell line.

Materials and Methods

Materials

Cisplatin (Cispt), Dimethyl sulfoxide (DMSO),
hydrogen chloride, and sodium hydroxide were
obtained from the Zhechem (China). The monomer
of butylcyanoacrylate (BCA) was purchased from
Evobond®Tong Shen Enterprise (Taiwan). FBS
and dextran were got from Gibco (USA) and the
Zhejiang Chemicals Import and Export Corporation
(China), respectively. PEG400 was purchased from
KimiagaranEmrooz Chemical (Iran). All other materials
were from analytical grade. The A172 cell line was
purchased from the cell bank of the Pasteur Institute (Iran).
All the experiments were conducted in accordance with
the protocols approved by the ethical committee of Pasteur
Institute, Tehran, Iran.
NPs Preparation

Preparation of NPs was carried out by miniemulsion
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polymerization method. For this purpose, 185 pul of BCA
monomers was added to a mixture containing 100 pl of
HCI (0.01IN), 100 mg of honey (Sabalan Co., Iran), 55 pl
of olive oil (FarzanRahbar Saba Co., Iran), and 120 pl of
PEG 400. In the next step, 165 mg of dextran and 55mg
of Cispt were added to the formulation and it was mixed
again. Then, 18 ml of distilled water was added to the
mixture. The mixture was stirred (400 rpm, 10 min) to
obtain a pre-emulsion solution. Finally, sonication was
performed by probe sonicator for 5 min (50. W, Bandel in
Sonopuls HD 2070, Bandelin Elec., Germany) and then it
was stirred (400 rpm, 3.5h) to complete the polymerization
process. Subsequently, pH of the mixture was neutralized
with NaOH (Kanaani et al., 2017).

Characterization of NPs

PS (mean size), PDI (size distribution) and _-P
(zeta potential) of Cispt-PBCA NPs were determined
by Zetasizer at 633 nm (Nano-Zs Zen 3600, Malvern
Instruments, UK). Amount of the drug in supernatant was
determined by ICP-EOS (Inductively Coupled Plasma
Optical Emission Spectrometry) elemental analysis
(730-OES, Varian) (Brannon-Peppas and Blanchette,
2004). For this purpose, an emulsion of Cispt-NC was
centrifuged for 45 min (21000 rpm, 4 °C) and then
encapsulation efficiency (E.E) and drug loading efficiency
(D.L.E) were calculated using bellow formulas:

Formula 1

Initial concentration Cispt (mg/ml)-Concentration of Cispt in in supernatant

o) _ (mg/m)
EE U]) Amount of Cispt fed initially (mg/ml) X100
Formula 2
D.L.E (%) _ Amount of Cispt entrapped in NPs (mg) %100

Amount of NPs(mg)

In-Vitro Drug Release Studies

To analyze the drug release rate into the serum,
Cispt-PBCA NPs suspension was centrifuged and 80
mg of the pellet was re-dispersed in 8 ml of fresh human
serum. Then, it was incubated at 37°C while shaking (150
cycles/min) using a shaker incubator (kuhner, Birsfelden,
Switzerland). In predestinated periods, the tube was
centrifuged (21,000 rpm, 45 min, 4°C) and the supernatant
was removed. The pellet was re-dispersed in 8 ml of fresh
human serum to measure continuous release rate. The
rate of drug release into the supernatant was evaluated
using ICP-EOS elemental analysis (Bagherpour Doun
etal., 2014).

Cell Viability Studies

MTT (3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide) assay was applied (Brannon-Peppas
and Blanchette, 2004) to determine the cytotoxicity effects
of Cispton A172 cells line. Cells (1% 104/well) were
cultured in RPMI-1640 medium containing %10 FBS,
penicillin/streptomycin antibiotics (0.1 and 0.06 mg/ml
respectively) and incubated at 37 °C in 5 percent carbon
dioxide (CO2).Twenty-four hours later, the adhered cells
to the plate were detached and Cispt-PBCA-NPs and



F-Cispt (Free cisplatin) at the concentration of 0, 2.5, 5,
10, 20, 30, 40, 60, 80, and 90 uM were prepared and then
added into the wells. After 48 hours, 20 pl of MTT solution
(0.5 mg/ml, Sigma-Aldrich, USA) was added to each well.
Formazan crystals were dissolved by isopropanol and the
absorbance was read at 570 nm wavelengths using an
ELISA reader device (Synergy Multi-Mode Elisa Reader,
Bio-Tek, USA). Finally, IC50 was calculated by statistical
package Pharm-PCS software (Springer Verlag, USA).
Cell Viability was calculated using following formula:

Cell Viability = [mean OD of treated cells - (mean
OD of blank)] / [mean OD of control — (mean OD of
blank)] x 100

In vitro, data were analyzed by SPSS (version 13.0).
Data were expressed as the Mean + SD (n=3) and
unpaired-samples t-test was used as statistical tests. The
significance level was set at p<0.05.

Flow cytometry analysis

To study and quantify apoptosis in A172 cells induced
by the Cispt-PBCA-NC, the cells were stained with
FITC Annexin V kit (BioLegend Inc., San Diego, USA)
according to manufacturer’s instruction. Briefly, 5x10° of
A172 cells were seeded in each well of the six-well plate
and allowed to attach and grow for 24 hat 37°C in 5% CO,.
After that, the medium was replaced with fresh medium
containing 3.5 uM of Cispt-PBCA-NC and F-Cispt as
triplicates. Forty-eight hours later, the cells were collected
by centrifugation and the supernatant was discarded.
The cells were washed two times by cold BioLegend
cell staining buffer and then suspended in Annexin-V
binding buffer. The concentration of re-suspended cells
in binding buffer was 1x10° cells/mL. Then, 100 pL of
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the cell suspension was transferred to the test tubes and
5 uL of FITC Annexin V and 10 pL of PI solution were
added to the tubes. The tubes were incubated in a dark
place for 15 min and at room temperature. Afterward,
400 pL of Annexin-V binding buffer was added to each
tube and then the suspension was analyzed using a flow
cytometry device (Shellman et al., 2005).

Results

Characterization of NPs

As illustrated in Figure 1, our results showed that
the preparation of the NPs according to our protocol
produced particles with average size of 451.2+11.1 nm.
Furthermore, zeta potential and size distribution of the NPs
were 0.452+ 0.09 and -19 .5+ 2.8 mV, respectively. The
E.E and D.L.E percentages were 30 and 6, respectively.
In other words, 30% of the drug was carried with NPs and
Cispt accounted for 6 % of NPs’ weight.

The Release rate of cisplatin

As shown in Figure 2, 4.7% (W/W) of Cispt was
released after 68 h. Although an intense release of the
encapsulated drug (44%) was considered during the first
5 h, it was reduced over the time.

Table 1. IC,, Values Comparison between F-Cispt and
Ciapt-PBCA-NPs in the Cell Line A172. IC50 value
is almost 2-fold greater in F-Cispt compared to Cispt-
PBCA-NPs.

Brain Cell Line  Cispt-PBCA NPs (uM)  F-Cispt (uM)
Al72 25.4+3.1 49.9+£5.9

Data are presented as mean + SD (n=3)

P Value
P<0.01

Table 2. Effects of Cispt-PBCA-NPs, F-Cispt on Apoptosis in A172 Cell Line. Results indicated that Cisplatin NPs
could increase early and late apoptotic cells number and also necrotic cells comparing to free cisplatin.

Formulation Viable Cells % An-/PI-  Early Apoptosis % An+/PI-  Late Apoptosis % An+/PI+  Necrotic Cells % An-/PI+-
Cispt-PBCA NPs 81.849.9 12.2+1.5 3.64+0.9 0.544+0.09
F-Cispt 88.7£9.4 8.11+1.9 2.01+0.7 0.32+0.07
Control 96.7+2.1 0.81+0.4 0.83+0.05 0.3£0.08

Data are presented as mean + SD (n=3)

Size Distribution by Intensity

Intensity (%)

01 1 10

100 1000 10000

Size (d.nm)

Figure 1.The Micrograph of Size and Size Distribution of Cisplatin Loaded PBCA Nanoparticles Obtained from

Zetasizer Instrument.
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Figure 2. Cisplatin Release Pattern during the Time. PBCA-NPs successfully produced by miniemulsion technique.
Cispt was successfully encapsulated in the developed particles with sustained release behavior in a period of 68 hours.
Results were expressed as mean +SD values.
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Figure 3. Cytotoxic Effects of Cispt-PBCA-NPs and F-Cispt on the Viability of Brain Cancer Cell Line A172 (MTT
assay). Cisplatin loaded nanoparticles had higher cytotoxic effects on the cell line and in all cases killed more cancer
cells. Results were expressed as mean +SD values of three independent experiments.

Cytotoxicity effects of Cispt-PBCA NPs NPs had higher cytotoxic effects than F-Cispt. Results
According to Figure 3, the safe concentration of  indicated that the values for Cispt-PBCA NPs and F-Cispt

control NPs was 60 pg/ml. MTT assay showed that  were 25.4+3.1 and 49.9+5.9, respectively (Table 1).

cytotoxicity effects of cisplatin-loaded NPs were dose-

dependent and mostly observed in concentration of 90  Detection of apoptosis by flow cytometry

uM. Furthermore, in all the concentrations Cispt-PBCA Our results showed that treatment of the cells with

FL1 - FL1- FL1 -

Figure 4. Demonstration of the Gating Strategy for Flow Cytometric Analysis. (A) Dot plot of flow cytometry assay
for control, (B) F-Cispt (C) and Cispt-PBCA-NPs groups after 48 hours.
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Cispt-PBCA NPs could increase apoptosis rate in
comparison with F-Cispt and control groups. Besides,
the rate of necrotic cells was also higher in the group
treated with the NPs compared to control and F-Cispt
groups (Table 2).

Discussion

Considering all types of chronic disorders, including
diabetes, metabolic syndrome, etc. (Goodarzi et al.,
2014; Ebrahimi Far et al., 2015; Mohammadian et al.,
2015; (cancer is the most important) Ebrahimi Far et
al., 2017 (In the recent surveys, the effect of numerous
chemotherapeutic drugs on various cancer cell lines
have been evaluated (Sajjadiyan et al., 2016; Mohamadi
et al., 2017; Mohammadian et al., 2017; Zeynali M et
al.,2018). Moreover, herbal based therapeutic agents have
also been studied in cancer therapy (Rostaminasab et al.,
2015; Arshad et al., 2018). Considering brain cancers and
tumors, the most aggressive brain tumor form in human
is Glioblastoma and its mortality rate is pretty high (Cheo
etal., 2017).

The presence of BBB is a challenging problem in the
treatment of such diseases. In fact, the drugs can’t pass
through the barrier efficiently, resulting in inadequate
amount of drug delivery to the target cells. Chemotherapy
has been applied to treat human cancers and tumors over
the decades. However, this method has some undesirable
consequences such as systemic toxicity and low
bioavailability. NPs are extremely useful to treat cancers
and tumors in the human being. Due to lower systemic
toxicity, NPs have higher efficiency in the treatment
of cancer in comparison with free form of the drugs.
They also can overcome some problems of traditional
chemotherapy by passing through BBB and delivering
sufficient amounts of the drugs to the brain cells. However,
some NPs loaded with cisplatin showed undesirable results
(Hirai et al., 2010; Zamboni et al., 2012). In the current
study, we successfully produced PBCA-NPs which were
loaded with the high level of cisplatin. Therefore, our
results confirmed that miniemulsion polymerization is an
applicable method to produce cispt-PBCA NPs. On the
other hand, we utilized two natural products; honey and
olive oil during the preparation of NPs. These two natural
products have brilliant properties and negligible toxicity
and previous research has shown that using honey and
olive oil in NPs’ formulation can affect NPs’ properties in a
positive manner (Sreelakshmi et al., 2011; Palanisamy KL,
2013; Wu et al., 2013). Polymerization process occurred
after adding water and in this step, the medium was almost
colorless and after sonication and completing the process
the color changed to milky (Kanaani et al., 2017). In this
study, the percentages of E.E and D.L.E were 30 and 6,
respectively. In other words, 30% of the drug was carried
with NPs and Cispt, accounting for 6 % of NPs’ weight.

The cumulative release rate of Cispt from the
Cispt-PBCA-NPs into the fresh human serum was
measured during 68 h (Figure 2). High encapsulation
efficiency indicated that only 4.7% (W/W) of Cispt was
released after 68 h. However, in the first five hours of
evaluation, a burst release (44% of encapsulated drug)
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of Cispt was observed, probably reflecting the release of
adsorbed Cispt on the surface of PBCA-NPs. Release rate
decreased over time following about 31 h and only 0.30%
of Cispt was released. The low-level release rate may be
attributed to the presence of polyethylene glycol (PEG).
Furthermore, it can improve the stability and increase
the chance of drug delivery to the tumor cell (Otsuka et
al., 2003).

Our results indicated that the safe concentration
of control NPs was 60 pg/ml. However, other studies
have shown higher safe concentrations for the NPs.
According to our findings, cell viability was decreased in
a dose-dependent manner after exposure of the brain cell
line to Cispt-PBCA-NPs and F-Cispt according to MTT
test. In a comparison between two treated cases, higher
cytotoxic effects were obtained in all Cispt-PBCA-NPs
concentrations than F-Cispt (Figure 3). The experimental
data for IC50 values showed that cytotoxicity effects
increased in a dose-dependent manner and the highest
cytotoxic effect was observed in concentration of 90 uM.
The results obviously showed better cytotoxic effects of
the NPs in killing A172 brain cancer cells line comparing
with those of the free drug, that is in line with a previous
study in this regard (Bendale et al., 2017).

To illuminate the effect of Cispt-PBCA-NPs on
apoptosis in A172 cells, we used Annexin V-FITC/PI
dyes and analyzed the samples by flow cytometry device
(Bendale et al., 2017). Using this staining method
determines the cell viability in the different modes;
namely, viable cells, early apoptosis cells, late apoptosis
cells, and necrotic cells. Our results indicated that a higher
concentration of Cispt-PBCA-NPs increased apoptotic
cells numbers. Similarly, a previous research showed
that cisplatin NPs could increase early and late apoptotic
cells as well as necrotic cell numbers in A172 cell line
(Bendale et al., 2017). Our results are also in line with
those researchers and showed that Cispt-PBCA-NPs could
increase apoptotic and necrotic cells number not only
comparing with the control group but also in comparison
with free cisplatin.

In conclusion, in the current study, we showed that
production of cisplt-PBCA-NPs with our protocol could
be an effective formulation to treat A172 brain cancer cell
line. The drug has been loaded on NPs physically and the
particles had a fine low release rate and also contained a
high level of the drug. In addition, our results showed
that cisplatin loaded on PBCA-NPs were more efficient
than the free drug. Cisplt-PBCA NPs could release the
drug gradually and could kill more cancer cells in all
concentrations compared to the free drug. Furthermore,
we showed that Cisplt-PBCA NPs could induce early and
late apoptosis more than the free form of cisplatin. All
in all, such data suggested that cisplatin loaded on our
PBCA-NPs formulation could be more useful and efficient
in the treatment of A172 brain cancer cell line compared
to cisplatin in free form.
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