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Neuromuscular  blocking  drugs  are  used  in  anesthesia  and  intensive  care  to  provide  skeletal  muscle  relax-
ation.  However,  literature  has  revealed  that  the  effects  of these  drugs  on  cancer  have  not  been widely
studied.  We  tested  the  effects  of  two  non-depolarising  neuromuscular  blocking  drugs,  vecuronium  bro-
eywords:
ecuronium bromide
isatracurium besylate
isplatin

mide and  cisatracurium  besylate  on lung  cancer  cells’  (A549)  proliferation,  migration  and  viability  in
the  presence  of  a cytotoxic  drug,  cisplatin.  We  demonstrated  in  this  study  that  both  neuromuscular
blocking agents  inhibit  lung  cancer  cells’  proliferation.  In  addition,  the study  revealed  that  vecuronium
bromide  and  cisatracurium  besylate  was  synergistic  to  cisplatin  in  reducing  lung  cancer  cell  proliferation.
However,  vecuronium  inhibits  lung  cancer  cells  migration  in  vitro.

©  2014  Elsevier  Masson  SAS.  All  rights  reserved.
ung cancer
549 cells

. Introduction

Anesthesia is one of the fastest developing medical specialties.
owever, it is observed that various anesthetics are usually used
oth in patients with comorbidity of cancer and in patients for can-
er resection without recourse to their effects on cancer metastatic
roperties and mutagenic potentials [1,2]. Neuromuscular block-
de is an important component required by many anesthetists for
arious surgical procedures. It is often achieved by administration
f neuromuscular blocking agents. Even though they do not provide
nesthesia or analgesia, they abolish spontaneous respiration and
nhance controlled ventilation during surgery and in intensive
are. Their effects on cancer have been poorly investigated [3,4].
euromuscular blocking agents consist of two main types, namely

he depolarizing and the non-depolarising neuromuscular block-
Please cite this article in press as: Yabasin IB, et al. Anticancer effects o
cells (A549), in vitro. Biomed Aging Pathol (2014), http://dx.doi.org/10

ng agents. There are many non-depolarizing neuromuscular
locking drugs which are currently used in clinical practice,
owever, cisatracurium besylate and vecuronium bromide

∗ Corresponding author at: First Affiliated Hospital of Dalian Medical University,
22, Zhongshan Road, Dalian, Liaoning 116011, PR China. Tel.: +8615541191167.

E-mail address: qingping wen@yahoo.com (W.  Qingping).
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210-5220/© 2014 Elsevier Masson SAS. All rights reserved.
are usually preferred because of their intermediary duration of
action. Vecuronium bromide and cisatracurium besylate act by
competitive inhibition of acetylcholine at nicotinic receptors at
the postsynaptic end in the neuromuscular junction, resulting in
block of neuromuscular transmission. A comprehensive literature
search showed that the carcinogenic and genotoxic properties of
vecuronium bromide have not been widely investigated except
for data on the clinical efficacy, adverse effects, and its effect on
the cellular expression of lactate dehydrogenase [5] and creatine
phosphokinase [6]. Cisatracurium, a bisbenzylisoquinolinium neu-
romuscular blocking agent undergoes spontaneous degradation
called Hofmann elimination, at physiologic pH and temperature
[7,8]. This metabolic process leads to formation of two major
compounds termed laudanosine [9] and monoquatenary acrylate
esters [10,11]. Due to its unique metabolism, it is usually recom-
mended in patients with renal and hepatic diseases [12] and in
respiratory embarrassment demanding muscle relaxation [13].
Nigrovic earlier opined that at supra-therapeutic doses, atracurium
could be injurious in isolated rat hepatocytes [14]. This finding was
f vecuronium bromide and cisatracurium besylate on lung cancer
.1016/j.biomag.2014.07.004

supported by proliferation setback induced by cisatracurium besy-
late and atracurium in human hepatoma (HepG2) and umbilical
vein endothelial (HUVEC) cells [4]. Similarly, survival and axonal
growth inhibition of neonatal and adult rat peripheral neurons

dx.doi.org/10.1016/j.biomag.2014.07.004
dx.doi.org/10.1016/j.biomag.2014.07.004
http://www.sciencedirect.com/science/journal/22105220
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aused by cisatracurium has been demonstrated [15]. These
bservations suggest that cisatracurium besylate and vecuronium
romide could be cancer suppressors in many tissues and organs

n humans. Therefore, the aim of this study was to assess the
ffects of these non-depolarising neuromuscular blocking agents
n metastatic properties of lung cancer (A549) cells in vitro.

. Materials and methods

.1. Cell culture

Lung cancer cell line (A549) was obtained from Shanghai
nstitute Cell Biology (Chinese Academy of Sciences, Shanghai
hina). Cells were cultured in RPMI 1640 (Sigma, St. Louis, USA)
ith high glucose containing penicillin 100 units/mL, streptomycin

00 �g/mL and 10% FBS (PAA) at 37 ◦C in a humidified 5% CO2.
ecuronium bromide (Norcuron from Bedford Labs, USA) was
btained in a clinical formulation of 1 mg/mL  containing 2.1 mg/mL
nhydrous citric acid, 1.6 mg/mL  sodium phosphate, and 9.7 mg/mL
anitol. Cisatracurium besylate (Nimbex from GlaxoSmith-Kline)
as obtained in a clinical formulation of 2 mg/mL  in a 35% benzene

ulfonic acid solution. Dilutions were prepared in distilled water.

.2. Cell proliferation assay

The effect of vecuronium bromide and cisatracurium besylate
n cell proliferation was measured using Dojindo’s CCK-8 Cell Pro-
iferation Kit (Dojindo’s Molecular Technologies, Japan).

In brief, duplicates of 3 × 103 cells/well in 96-well plates were
eeded. We  added varying concentrations of vecuronium bromide
0.0, 1.0, 2.0, 3.0, 5.0, 10.0 and 15.0 �M)  and cisatracurium besylate
0.0, 1.0, 2.0, 3.0, 5.0, 10.0 and 15.0 �M)  to the culture medium and
ncubated for 72 h at 37 ◦C in 5% CO2. In order to measure cell pro-
iferation, 10 �L of CCK-8 reagent was added to the culture medium
nd the absorbance measured one hour after addition of the reagent
t 450 nm using Multiskan Go Spectrophotometer (Thermofisher
cientific, USA).

.3. Cytotoxicity assay

Three thousand cells per well were seeded into a 96-well plate.
n order to measure, cytotoxic influence of cisplatin on A549 cells
n the presence of vecuronium bromide or cisatracurium besylate,
wo set wells were set up as control against test wells containing
arying concentrations of vecuronium bromide and cisatracurium
esylate. The first control wells were without drug exposure, whilst
he second control wells contained only cisplatin (35 �M).  The rest
f the test wells contained cells treated with either vecuronium
romide with cisplatin (35 �M)  or cisatracurium besylate with cis-
latin (35 �M).  The cytotoxic influence of cisplatin (35 �M) in the
resence of vecuronium bromide or cisatracurium besylate on lung
ancer cells (A549) was measured with Dojindo’s CCK-8 Cell Pro-
iferation Kit in the same manner as in cell proliferation above.

.4. Cell migration assay

Cells were pretreated with vecuronium bromide or
isatracurium besylate at the various concentrations and grown
o confluence in regular RPMI 1640 medium under optimal
onditions. After 72 hours of incubation, cells were trypsinised
nd detached with a serum-free medium. In order to measure
ell migration, 3 × 104 of A549 cells were seeded in 200 �L of
Please cite this article in press as: Yabasin IB, et al. Anticancer effects o
cells (A549), in vitro. Biomed Aging Pathol (2014), http://dx.doi.org/10

erum-free medium in the upper chamber of the transwell inserts
n the 24-well plate. The lower chamber of the transwell inserts

as filled with 750 �L medium containing 20% FBS to serve as
hemo-attractant. After 16 hours of incubation in humidified
 PRESS
g Pathology xxx (2014) xxx–xxx

incubator with 5% CO2, the non-migrated cells in the upper
chamber were swabbed off and the plates fixed with methanol
and then stained with crystal violet. The plates were observed
under inverted fluorescent microscope. The number of cells were
counted randomly in five field views and averaged.

2.5. Data analysis

After establishing that the absorbance was  normally distributed.
One-way analysis of variance with Bonferroni’s correction was  used
for the statistical analysis. The mean absorbance of cells in the con-
trol wells was compared with that of the test wells, which were
stimulated with muscle relaxants only or with muscle relaxant
and cisplatin combined. Data are presented as mean ± SD for each
group. The difference in mean absorbance between the control
wells and the test wells was considered significant at P-value < 0.05.

3. Results

3.1. Cisatracurium besylate and vecuronium bromide inhibit
A549 cells proliferation

Both cisatracurium besylate and vecuronium bromide inhibited
A549 lung cancer cells proliferation in a concentration-dependent
manner. The inhibition was  observed in all test wells at the various
concentrations compared to the control wells. For cisatracurium
besylate, significant inhibition of cell proliferation occurred at con-
centrations of 3.0 �M to 15 �M (P < 0.05) whereas in the case of
vecuronium bromide, significant inhibition occurred at concentra-
tions of 5.0 �M to 15 �M (P < 0.05) (Fig. 1).

3.2. The combine effect of cisplatin and neuromuscular blocking
agents on A549 cells

Fig. 2a and b show the cell viability of the control wells in com-
parison to the test wells. From Fig. 2a and b, cell viability was higher
in the control wells compared with the test wells. In comparison
with the control, cisplatin alone and cisplatin in combination with
cisatracurium besylate significantly reduced A549 cells viability by
45% and 81% or more, respectively (P < 0.05). Cell viability caused
by the drug combination of cisplatin with cisatracurium besylate
at concentrations of 1 �M to 5 �M was fairly constant but at 10 �M
and 15 �M,  the viability was  further reduced (Fig. 2a). Fig. 2b shows
that cisplatin alone and cisplatin in combination with vecuronium
bromide also caused significantly reduced cell viability by 46% and
75% or more, respectively (P < 0.05). Similarly, cell viability caused
by the drug combination of cisplatin with vecuronium bromide at
concentrations of 1 �M to 5 �M was  fairly constant but at 10 �M
and 15 �M,  the viability was reduced (Fig. 2b).

3.3. Vecuronium bromide inhibits A549 cells migration through
the transwell membrane

Fig. 3a is a photographic appearance of cells observed under
inverted fluorescent microscope after migration of cells. The Fig. 3
shows that there were more cells migrating through the transwell
membrane in the control compared to those of the test wells. The
numbers of cells migrating through the membrane of the test wells
f vecuronium bromide and cisatracurium besylate on lung cancer
.1016/j.biomag.2014.07.004

further decrease with increasing concentration of the drug. When
cells were treated with vecuronium bromide of concentration 2 �M
or more, cells migration across the transwell membrane was  sig-
nificantly reduced (Fig. 3b) (P < 0.05).

dx.doi.org/10.1016/j.biomag.2014.07.004
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Fig. 1. a and b: graphs of CCK-8 proliferation assay of lung cancer (A549) cells after treatment with cisatracurium besylate or vecuronium bromide. P < 0.05 in 3 �M to 15 �M
for  cisatracurium besylate (a) and 5 �M to 15 �M for vecuronium bromide (b).

Fig. 2. Cytotoxic effects of cisplatin on the lung cancer (A549) cells viability in the presence of either vecuronium bromide or cisatracurium besylate after 72 h exposure.
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rom  Fig. 2a and b the first bars (0) represent the mean absorbance of A549 cells tha
f  A549 cells exposed to cisplatin (35 �M)  only. The rest of the bars indicate mean a
f  cisplatin (35 �M),  and varied concentrations of cisatracurium besylate (1–15 �M

. Discussion

In recent times, the prevalence of cancer is said to be on the
scendancy in spite of the numerous support that has been chan-
eled to cancer prevention [16]. It is the number one cause of
ortality in the developed countries and number two leading cause

f mortality in the less developed countries [17]. With improve-
ent in medical care, life expectancy is increasing. This coupled
ith advances in cancer management results in increase in cancer

urden globally. Many of these patients often undergo diagnos-
ic procedures and treatments that require surgical resections or
xcisions under general anesthesia where muscle relaxation is
equired.

This study measures the effects of two muscle relaxants (often
sed during surgery) on A549 cells alone and in combination
ith cisplatin in vitro. The study demonstrates the concentration-
ependent effects of vecuronium bromide and cisatracurium
esylate – on the metastatic properties of human lung cells (A549)

n vitro. The two drugs induced profound growth retardation in
ung cancer (A549) cells with increasing concentrations. Using
tracurium and cisatracurium, similar effects have been demon-
trated with regards to two human cell lines; hepatocellular
arcinoma (HepG2) and human umbilical vein endothelial (HUVEC)
ells [4].

For an average 70 kg patient with an estimated plasma volume
Please cite this article in press as: Yabasin IB, et al. Anticancer effects o
cells (A549), in vitro. Biomed Aging Pathol (2014), http://dx.doi.org/10

f 2.8 L undergoing surgery, the recommended intubation doses for
isatracurium besylate is 0.2 mg/kg [20] and that of vecuronium
romide is 0.1 mg/kg [21–23]. These doses will achieve imme-
iate plasma concentrations of 4.0 �M and 3.9 �M,  respectively.
not treated with any drug while the second bars (0) represent the mean absorbance
ance of A549 cells which were concurrently treated with a constant concentration
vecuronium bromide (1–15 �M),  respectively.

This level of drug concentration could cause significant suppres-
sion of cancer cell proliferation. With additional maintenance or
bolus doses of vecuronium bromide and cisatracurium besylate
used to maintain surgical relaxation having achieved intubation is
expected to achieve much higher plasma concentrations similar to
our findings in in vitro experiment. Cisatracurium besylate medi-
ated concentration inhibition of lung cancer cells was observed
in a concentration (4.0 �M)  below the intubation dose, whilst
vecuronium bromide showed its growth inhibitory effect at con-
centrations above the intubation dose (3.9 �M).

At present several cancer patients go through various surgi-
cal procedures under general anesthesia after definitive diagnosis
or chemotherapy. Cisplatin is a cytotoxic drug widely used for
the treatment of many malignancies, including testicular, ovarian,
bladder, cervical, head and neck, and small-cell and non–small-
cell lung cancers [24]. The possible pharmacological interaction
between the two non-depolarising neuromuscular blocking drugs
and cisplatin on malignant tumor cells was assessed in vitro.

Proliferation of cells at various concentrations of muscle relax-
ants in the presence of cisplatin: our study also measures the effects
of vecuronium bromide and that of cisatracurium besylate on lung
cancer cells (A549) proliferation each in the presence of cisplatin, a
known cytoxic drug. Each of the muscle relaxant exhibits inhibitory
effects on A549 cell viability in vitro. Both drugs also act in synergy
with cisplatin. When the cancer cells were exposed to only cis-
f vecuronium bromide and cisatracurium besylate on lung cancer
.1016/j.biomag.2014.07.004

plastin (a known cytotoxic drug), there was suppression of lung
cancer cells (A549) proliferation but this effect was  much greater
when cisplastin was  used in combination with each of the muscle
relaxants.

dx.doi.org/10.1016/j.biomag.2014.07.004


ARTICLE IN PRESSG Model
BIOMAG-154; No. of Pages 5

4 I.B. Yabasin et al. / Biomedicine & Aging Pathology xxx (2014) xxx–xxx

F  migra
b

a
i
r
t
b
i

5

c
C
e
t
d

D

c

A

C

[

[

ig. 3. a: photographic appearance of migrated lung cancer (A549) cells; b: transwell
romide.

The common cause of death in cancer is metastasis [25]. The
bility of cancer cell to attain migratory and invasion character-
stics couple with increased expression motility related genes are
equirement and patent property of tumor cells that leads to metas-
asis [26–31]. The finding of this work revealed that vecuronium
romide resulted in significant reduction in A549 cells’ migration

n vitro.

. Conclusion

Cisatracurium besylate and vecuronium bromide inhibits lung
ancer (A549) cells proliferation. In the presence of cisplatin
isatracurium besylate and vecuronium bromide each acts in syn-
rgy to reduce A549 cells viability. Vecuronium bromide turns
o inhibit lung cancer cells (A549) migration in concentration-
ependent manner in vitro.
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