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Abstract
Background: There is accumulating evidence on the inhibitory
effect of local anesthetic agents on metastasis and tumor recurrence
on various cancer types. In this study, we aimed to test the effects of
lidocaine, bupivicaine and prilocaine on cellular viability and apoptosis
on human endometrial adenocarcinoma cell lines (Ishikawa cells).
Material and methods: Human Endometrial adenocarcinoma
cells (Ishikawa cells) were exposed to different concentrations of local
anesthetic agents for 24, 48, and 72 hours. The cell viability assay was
performed via MTT and concentrations corresponding to 50% effective
concentration (EC50) of cells were determined for each agent. Apoptosis
was evaluated via commercial Biocolor ApoPercentage assay.
Results: All of the three local anesthetics reduced the amount of
viable tumor cells in a dose-dependent manner. The EC50 values (mM)
at 24, 48 and 72 h incubation periods were 11.67, 1.915, 2.114 for lidocaine
11.4, 5.21, 3.12 for bupivacaine 7.64 mM, 7.3 mM, and 2.83 mM, for prilocaine
respectively.
Conclusion: Lidocaine, bupivacaine, and prilocaine have antitumoral effects on Ishikawa cell lines. All of the tested agents induced
apoptosis and necrosis at high concentrations in a dose dependentmanner.
Key words: lidocaine, bupivacaine, prilocaine, Ishikawa cell lines,
local anesthetics, cancer surgery, metastasis

The Glossary of Terms: Human Endometrial adenocarcinoma cells (Ishikawa cells), 50% effective concentration (EC50) Local
anesthetics (LA), the optical density (OD)
Key points:
Question: Is there three anti tumoral effects of different local anesthetics (lidocaine, bupivacaine, prilocaine) on Ishikawa Cell?
Findings: All three substances (lidocaine, bupivacaine, prilocaine) inhibited the viability and all of substances led apoptosis on
Ishikawa cell.
Meaning: This study has shown that three commonly used local anesthetic drugs (lidocaine, bupivacaine, prilocaine) have antitumoral effects on Ishikawa cells in-vitro.

Introduction

Local anesthetics (LA) are commonly used
in procedures requiring general, regional and local
anesthesia for the interventional and surgical treatment of
cancer. There are many other pharmacological effects of
LA in addition to the analgesic and antiarrhythmic effects
of local anesthetics [1,2]. Retrospective studies have
demonstrated that the use of certain anesthetic agents
may reduce the risk of metastasis, cancer recurrence and
overall survival at the postoperative period [3-6]. Local
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anesthetics such as lidocaine might exert beneficial
effects in the treatment of cancer by inhibition of cell
proliferation, invasion, and migration which are essential
in angiogenesis and tumor metastatis [7-9]. Commonly
employed local anesthetics including bupivacaine and
prilocaine have also been shown to trigger apoptosis in
a variety of tumor cells [10-12]. Therefore, apoptosis is
suggested to play an important role in the local anestheticinduced cell toxicity in tumor cells [12-14].
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In this study, we aimed to investigate the anti-tumoral
effects of lidocaine, bupivacaine and prilocaine in human
endometrial cancer cells (Ishikawa cells). To our knowledge,
this is the first study to investigate the anti-tumoral effects of
these agents on Ishikawa cells. We hypothesized that these
local anesthestic agents might induce apoptosis and reduce the
viability of Ishikawa cells in vitro.

Material and methods
Reagents

Commercially avaliable lidocaine (L1026), bupivacaine
(606189) and prilocaine (P2939000) were obtained from
Sigma-Aldrich. Different concentrations of LAs were prepared
using serum-free medium. All of the solutions were prepared
immediately prior to use. For cell viability and apoptosis, the
analysis concentrations were chosen as clinically achievable
plasma levels.

Cell Culture

Ishikawa cell lines were established an endometrial
adenocarcinoma. The cells induced well differentiated
adenocarcinoma in athymic nude mice. Estrogen and
progesterone receptors were demonstrated both in cell culture
and in induced tumours and taken from Adnan Menderes
University Science and Technology Center (BİLTEM) cell line
stocks. Cells were maintained in phenol red Dulbecco’s Modified
Eagle’s Medium: nutrient mixture F12 (DMEM/F12, Lonza,
Belgium) and supplemented with 10% fetal bovine serum (PAA,
France), 2 mM of l-glutamine (Lonza, Belgium), penicillin (100
U/mL), and streptomycin (100 μg/m) (Lonza, Belgium), 1%
Non-Essentials amino acids (Sigma-Aldrich). Ishikawa cells
were cultured at 37ºC in a CO2 atmosphere (5%) and maintained
in monolayer culture. Experiments were performed when cells
reached ~80-90% confluence.

Measurement of Cell Viability

Cell viability was assayed via commercial MTT Cell
Viability Kit (Biotium, 3159 Corporate Place, Hayward, CA
94545, Cat No: 30006). The antiproliferative and cytotoxic effects
of lidocaine, bupivacaine and prilocaine in human endometrial
adenocarcinoma cells were assessed using commercial MTT
assay (Biotium (Biotium Co., 3159 Corparate Place, Hayward
CA 94545, USA. Catalog Number: 30006). Briefly, Ishikawa
cells were seed in 96 well plates (10000 cells per well) in 100 µL
growth medium. 24 hours after seeding, we aspirated the growth
medium, added 100 µl fresh serum-free DMEM/F12 including 1,
10, 20, 30, 50 mM lidocaine, 0.02, 2, 12, 14, 17 mM bupivacaine
and 2, 12, 50, 60, 80 mM prilocaine. After treated with LAs for
24, 48 and 72 hours, the medium was aspirated and fresh 10 µL
MTT solutions (ready in commercial kit) in 90 µL serum-free
DMEM/F12 medium was added into each well, and cells were
incubated for 4h at 37ºC at 5% CO2 incubator. Finally, the MTT
containing medium was removed and 200 µL DMSO (dimethyl
sulfoxide) was added per well to dissolve the formazan crystals
and wells were incubated on a shaker for 10-15 minutes. The
optical density (OD) was measured using BİOTEK LX 800 at
wave length 570 nm. The percentage of viability was calculated
via the following equation: Viability (%) = (OD treatment group/
OD control group)x100.

apoptosis kit (Biocolor; www.biocolor.co.uk) were used. Cells
were seeded in 96 well plates (30.000 cell per well) in 200 µl
culture medium. After 24 hours incubation period, at 37ºC/5%
CO2 until confluence was reached (~80-90 %) incubation
medium was removed and cells were rinsed in fresh medium.
Then, LAs were added into each well in culture medium at
1/10/20/30/50 mM lidocaine, 0.02/2/12/14/17 mM bupivacaine
and 2/12/50/60/80 mM prilocaine concentrations. The Ishikawa
cell including only growth medium was used as control. After
24, 48 and 72h incubation period, the medium was aspirated
from the cells to preserve floating cells. 100 μl/well fresh culture
medium containing 5 μl APOPercentage Dye and the agents
were added into the wells, 30 minutes prior to incubation. After
incubating the plates for the 30 more minutes, we decanted the
culture medium/dye mixture, and gently washed the cells twice
with 200 µl/well using DPBS. As soon as the wells were washed,
the plates were visualized under inverted microscope and
photographs were taken. For colorimetric determination after
thoroughly washing the cells, 100 µl/well APOPercentage Dye
release reagent were added and the plates were shaked gently
for 10 min, then the absorbance was measured via BİOTEK LX
800 at 550 nm.

Statistical analysis

All experiments were performed at least for triple times.
IBM SPSS Statistics 25 software was used for statistical
analysis. Shapiro Wilk test was implemented to check normality
assumption. Statistical analysis was performed by using
nonparametric Mann Whitney U Test, since the variables did not
show a normal distribution. Hypothesis tests were performed
as two-sided at α=0.05 significance level. The median 50%
effective concentration (EC50) values for three agents were
calculated using the probit method of Miller and Tainter.

Results

Effects of Lidocaine, Bupivacaine, and Prilocaine on Cell
Viability
The viability of Ishikawa cells was determined after
incubation with lidocaine, bupivacaine prilocaine and at serially
diluted concentrations for 24, 48 and 72 hours. Lidocaine,
bupivacaine and prilocaine were inhibited the growth of
Ishikawa cells in a dose- and time-dependent manner (Figure 1;
p<0.001). The percentages of cell death (calculated for 24, 48,
and 72 hours) were given in Table 1.
Figure 1 - Effects of lidocaine, bupivacaine, and prilocaine on
endometrial cancer cell viability in different time zone.

Apoptosis assay

Ishikawa cells which treated in different doses of LAs were
used for apoptosis assay. Commercial Biocolor ApoPercentage
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Table 1

The cell viability values of lidocaine,
bupivacaine and prilocaine (Mean±SD)

A
Lidocaine
(mM)
1

24 h

48 h

72 h

20

71.28±23.81
19.1±0.72

15.31±4.66

10.65±0.4

10

30

88.76±7.81

18.51±0.76

50

16.62±1.38

B

81.15±10.14
10.48±0.09
7.37±0.51

7.12±0.54

92.49±2.62
6.33±0.34
4.94±0.2

4.49±0.27

Bupivacaine
(mM)
0.02

24 h

48 h

72 h

12

96.88±5.23
36.07±2.1

50.9±11.86

57.48±1.56

2

14

105.16±12.27
18.39±0.62

17

18.01±0.67

C

70.11±15.72
12.48±2.39
4.06±0.16

4.28±0.22

83.04±14.25
5.3±1.52

2.45±0.11

2.37±0.03

Prilocaine
(mM)
2

24 h

48 h

72 h

50

36.99±5.23

17.53±4.41

10.89±1.03

10.12±0.63

12

60

80

95.64±13.74
17.04±2.88

16.99±1.07

80.03±17.06
10.05±2.06
3.96±0.24

3.87±0.19

90.9±4.0

7.25±0.58

2.59±0.047
2.47±0.06

Figure 2 - Effects of local anesthetics on the growth of endometrial cancer cells. Cell viability was determined by MTT assays in
Ishikawa cell lines treated with lidaocaine, bupivacaine, and prilocaine for 24, 48 and 72 hours. All values are expressed mean±SD
(ANOVA; p<0.0001and Kruskal-Wallis Test; p<0.0001).
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The EC50 values of lidocaine for 24, 48, and 72 hours
were found as 11.67 mM, 1.92 mM, and 2.11 mM, respectively.
The EC50values of bupivacaine for 24, 48, and 72 hours were
found as 11.4 mM, 5.21 mN, and 7.3 mM, respectively. The
EC50 values of prilocaine for 24, 48, and 72 hours were found as
7.64 mM, 7.3 mM, and 2.83 mM, respectively (Figure 2). After
10 mM doses, lidocaine significantly inhibited cell viability in
Ishikawa cell lines according to dose and time dependent manner.
After 20 mM doses at 48 and 72 hours, approximately no cells
were seen in the wells. Also, bupivacaine killed approximately
almost all of the cells and there seemed no cells at 14 and 17 mM,
which was the lowest value as compared with lidocaine. Also,
prilocaine began to intibit Ishikawa cell at 12 mM concentration
and at the highest concentrations approximately, there were no
cells. Compared to EC50 values of three compounds, we saw
that at 24 hours prilocaine had the lowest value. At 48 hours,
lidocaine had the lowest EC50 value, and 72 hours lidocaine
and prilocaine both of them had lower values as compared to
bupivacaine.

Induction of apoptosis

The quantitative APO Percentage assay, which measured
the earliest stages of apoptosis, also showed induction of apoptosis
in response to 48 hours of treatment with lidocaine, bupivacaine,
and prilocaine. As seen in Figure 3, lidocaine triggered apoptosis
at the lowest concentrations which is 1 mM and the highest
concentrations (50 mM) approximately all cells were undergo
necrosis. Whilst, bupivacaine was effectively apoptotic at higher
concentration (14 mM), as the same for lidocaine, the highest
dose (17 mM), most of the cells underwent necrosis instead
of apoptosis. Because of prilocaine also has similar powerfull
apoptotic effects as lidocaine, at the lowest concentrations (2
mM) almost all cells underwent apoptosis. Increased apoptosis
were seen with increasing concentrations in all of three LAs
in Ishikawa cell lines. At the highest concentrations, cells
underwent necrosis instead of apoptotis. These data support the
results that we got from cell viability assay.

Figure 3 - Apoptosis induced by local anaesthetics in endometrial cancer cells. As seen in figure at higher doses
cells were gone necrosis instead as apoptosis which is supporting cell viability assay.
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Discussion

In the study, it is important that all three local anesthetics
show inhibitory effect on Ishikawa cells even at the lowest doses.
Moreover, all three substances inhibited the viability of more
than 50% in the cells at 24th, 48th, and 72nd hours at average of
10 mM concentration. All of substances led apoptosis in cancer
cells even the lowest doses. Futhermore almost no more cells
also were left when used at high doses.
Surgical resection of solid tumors can be curative, but
surgery merely triggers stress responses which can induce
immunsuppression. Furthermore inadvertent seeding of cancer
cells may also occur during the operation. These factors may
increase the risk of tumor metastasis in the perioperative period.
Although there are in-vitro studies on the mechanism
of action of local anesthetics in cancer cell biology in recent
years, knowledge on potential mechanisms is still limited [15].
Lidocaine is one of the most widely used local anesthetics
and it effectively inhibits the invasiveness of cancer cells as
in vitro in the concentrations used in surgical procedures [16].
Bupivacaine as well as lidocaine has also been shown to induce
apoptosis of breast tumor cells at clinically used concentrations
[14]. Prilocaine has been reported to exhibit apoptotic activity
via transcriptional regulation mechanisms of specific protein or
protein synthesis in osteoblastic cells [11]. Therefore apoptosisinducing activity of local anesthetics may provide additional
benefits for their use that could have substantial clinical
implications in cancer surgery.
Lidocaine suppresses the growth of non-small cell lung
cancer (NSCLC) in a dose- and time dependent manner [17].
The ED50 (effective dose) value of lidocaine was found as 9.51
and 6.14 mM for A549 and H520 cells (both cells were different
types of non-small cell lung cancer cells) at 24th h, respectively.
The total percentage of apoptosis (including early and late
apoptosis) was significantly increased in the lidocaine treated
group [17]. The ED50 value of lidocaine for A549 was close to
our EC50 value of lidocaine at 24th h.
Lidocaine and bupivacaine inhibit the growth of both breast
tumor cell lines in a dose- and time-dependent manner [14].
The authors [14] have showed that ED50 values of lidocaine
and bupivacaine were significantly lower in MCF-7 cells than
in MCF-10A cells. For MCF-7 cells, the ED50 of lidocaine was
4.50±0.26 mM and that of bupivacaine was 1.30±0.11 mM at
24 hours. The ED50 value of lidocaine and bupivacaine at 24
h in the study for MCF cells are much lower than our results in
Ishikawa cells. Chang et al. [14] found the mean percentages
of MCF-7 (human breast adenocarcinoma) cells, which were
apoptotic after treatment with lidocaine (7.4 mM) or bupivacaine
(2.6 mM), were 74% and 81%, respectively. However, in
nontumorigenic cell line MCF- 10A (human mammary epithelial
cell lines) treatment with lidocaine (7.4 mM) or bupivacaine
(2.6 mM) resulted in apoptosis of 8% and 19% of the cells,
respectively (p<0.001). They suggested that their results were in
consistent with their cell viability data indicating that lidocaine
and bupivacaine exhibit higher cytotoxicities in MCF-7 than in
MCF-10A cells.
Chang et al. [18] demonstrated the direct effect of lidocaine
and bupivacaine inhibiting cell growth and colony formation of
thyroid cancer cells. Kawasaki et al. [19] showed that lidocaine
suppressed neutrophil function, inhibited ATP synthesis, reduced
mitochondrial membrane potential, and induced apoptosis.
The mechanisms of cell toxicity from local anesthetics
have not been fully elucidated. In U937 histiocytic lymphoma
cells, lidocaine induced apoptosis at concentrations below 12
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mM and induced necrosis at concentrations above 15 mM [20].
We also found that at the beginning concentrations from 10 mM
in 48 hours lidocaine was lethal for endometrial cancer cells.
Moreover, at 30 mM and 50 mM concentrations almost there
was no cells in the well during cell viability assay. Concurrently,
we couldn’t take any photograph above 20 mM, because of there
was no cells in the wells. Our findings supported the research
of Kamiya et. al.20 Similar observations have been reported by
others [13,21,22]. Accumulating evidence suggests that local
anesthetics can cause rapid neuronal death through triggering
apoptosis and necrosis [21, 22]. Lee et al. [23] show that local
anesthetics induce human renal cell apoptotic signaling by
caspase activation and via inhibition of pro-survival signaling
pathways. However, Hirata et al. [24] demonstrate that lidocaine
directly inhibits tyrosine kinase activity of EGFR and suppresses
the corneal epithelial cell proliferation.
In conclusion, we demonstrated that lidocaine, bupivacaine
and prilocaine significantly inhibited growth of Ishikawa cell
lines. Lidocaine and prilocaine were found to exert prominent
apoptotic effect at lowest concentrations, but bupivacaine
induced its apoptosis at higher concentrations on Ishikawa
cells. The present study showed that lidocaine, bupivacaine,
and prilocaine inhibits cellular growth and triggers apoptosis
in Ishikawa cell lines for the first time. We also observed that
LA have higher toxicity on Ishikawa cells in a dose dependent
manner and the tumor cells have undergone almost complete
necrosis at high doses. In the present study, we demonstrated for
the first time the direct inhibitory effect of local anesthetics on
Ishikawa cell lines.
There are some limitations of our study which should be
considered while interpreting our results. Firstly; we have not
compared the effects of the local anesthetic agents on cultured
healthy endometrial cell lines. Secondly; our study has been
conducted in-vitro conditions therefore in-vivo studies are
necessary in order to determine the effect of these agents on
endometrial cancer cells in clinical conditions.
As a result, this study has shown that three commonly used
local anesthetic drugs (lidocaine, bupivakiane, prilocaine) have
anti-tumoral effects on Ishikawa cells in-vitro. However, further
experimental and clinical research is needed in order to clarify
the effects of these agents on tumor cell biology and potential
benefits of their use during cancer surgery.
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