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Cytotoxicity of amide-linked local
anesthetics on melanoma cells via
inhibition of Ras and RhoA signaling
independent of sodium channel blockade
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Abstract

Background: Substantial clinical and preclinical evidence have indicated the association between amide-linked
local anesthesia and the long-term outcomes of cancer patients. However, the potential effects of local anesthesia
on cancer recurrence are inconclusive and the underlying mechanisms remain poorly understood.

Methods: We systematically examined the effects of three commonly used local anesthetics in melanoma cells and
analyzed the underlying mechanisms focusing on small GTPases.

Results: Ropivacaine and lidocaine but not bupivacaine inhibited migration and proliferation, and induced
apoptosis in melanoma cells. In addition, ropivacaine and lidocaine but not bupivacaine significantly augmented
the in vitro efficacy of vemurafenib (a B-Raf inhibitor for melanoma with BRAF V600E mutation) and dacarbazine (a
chemotherapeutic drug). Mechanistically, ropivacaine but not bupivacaine decreased the activities of Ras
superfamily members with the dominant inhibitory effects on RhoA and Ras, independent of sodium channel
blockade. Rescue studies using constitutively active Ras and Rho activator calpeptin demonstrated that ropivacaine
inhibited migration mainly through RhoA whereas growth and survival were mainly inhibited through Ras in
melanoma cells. We further detected a global reduction of downstream signaling of Ras and RhoA in ropivacaine-
treated melanoma cells.

Conclusion: Our study is the first to demonstrate the anti-melanoma activity of ropivacaine and lidocaine but not
bupivacaine, via targeting small GTPases. Our findings provide preclinical evidence on how amide-linked local
anesthetics could affect melanoma patients.
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Background
Melanoma is a highly aggressive skin malignancy with
increasing incidence over the past decades [1]. The
current treatment include radio-chemotherapy for early
stage of melanoma, targeted therapy such as B-raf in-
hibitor vemurafenib for metastatic melanoma [2], sur-
gery to remove the tumor at all stages of melanoma [3].
Several retrospective studies of patients undergoing can-
cer surgery indicate that the choice of anesthetic

technique might translate into a clinical benefit such as
prolonged survival after cancer surgery [4]. In particular,
local anesthesia has been shown to reduce tumor metas-
tasis and recurrence in patients undergoing surgery with
breast or prostate cancer [5, 6]. Additionally, regional
anesthesia in combination with or without general
anesthesia would result in improved overall survival in
patients with colorectal cancer [7].
In line with clinical observations, preclinical studies

suggest that amide-linked local anesthetics have anti-
tumor effects. Ropivacaine, lidocaine and bupivacaine
are amide-linked local anesthetics and act on neuron
cells via blocking voltage-gated sodium-channel (VGSC)
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and subsequent depolarization suppression [8]. They
have been shown to exhibit anti-proliferative, anti-
metastatic and pro-apoptotic potential on cell culture
and xenograft mouse models in a variety of cancers [9–
13]. In addition, local anesthetics preferentially target
cancer stem cells [14]. Apart from their direct inhibitory
effects on tumor cells, ropivacaine and lidocaine also
negatively affect tumor microenvironment, such as
angiogenesis [15, 16].
In this study, we thoroughly investigated the effect of

ropivacaine, lidocaine and bupivacaine alone and their
combination with anti-melanoma drugs on melanoma
cell migration, proliferation and survival. We show that
ropivacaine and lidocaine but not bupivacaine has anti-
melanoma activity and acts synergistically with standard
of care drugs in melanoma. We further demonstrate that
the underlying mechanisms are via targeting RhoA and
Ras signaling pathways, and this is in a VGSC blockade-
independent manner.

Methods
Cell culture and drug reconstitution
Human melanoma cell lines A375 and A431 (Cell Lines
Service, Germany) were cultured in RPMI 1640 medium
(Invitrogen, US) supplemented with 2 mM glutamine
and 10% heat-inactivated fetal bovine serum (Gibco,
US). Ropivacaine and bupivacaine (Sigma, US) were dis-
solved in water and lidocaine was reconstituted in Hanks
Balanced Salt Solution. Veratridine (R&D Systems, US),
vemurafenib (LC Laboratories, US), calpeptin (Sigma,
US) and dacarbazine (Selleckchem, US) were reconsti-
tuted in dimethyl sulfoxide (DMSO). Tetrodotoxin
(Sigma, US) was dissolved in citrate buffer.

Proliferation assay
5 × 103 cells were seeded to each well in a 96-well plate.
The next day, cells were treated with drugs at various
concentrations for 72 h. Proliferation was measured
using bromodeoxyuridine / 5-bromo-2′-deoxyuridine
(BrdU) Cell Proliferation Assay Kit (Abcam, US) as per
manufacturer’s protocols.

Measurement of cell apoptosis and migration
Migration assay was performed using the Boyden cham-
ber (Cell Biolabs Inc. US) with transwell inserts of 8 μm
pore size as described in our previous study [17]. The
migrated cells from five random fields were counted
under the microscope (Zeiss, Germany). Apoptosis assay
was assessed by flow cytometry of Annexin V staining as
described in our previous study [13]. The treatment dur-
ation for migration and apoptosis were 8 h and 72 h,
respectively.

Western blot analyses
After 24 h drug treatment, total protein was extracted
using lysis buffer contained 4% SDS, protease inhibitor
cocktail and phosphatase inhibitor (Roche, US). Equal
amount of total proteins was resolved using denaturing
sodium dodecyl sulfate-polyacrylamide gel electrophor-
esis and analyzed by Western blot. Antibodies used in
WB analyses include anti-p-MYPT1 (Cell Signaling, Cat.
No.4563), anti-p-MLC (Cell Signaling, Cat.No.3671),
anti-MLC (Cell Signaling, Cat.No.3672), anti-MYPT1
(Cell Signaling, Cat. No.2634), anti-p-Raf (Abcam, Cat.
No. ab135559), anti-Raf (Abcam, Cat. No. ab137435),
anti-p-ERK (Santa Cruz, Cat. No. sc-16,982), anti-ERK
(Santa Cruz, Cat. No. sc-292,838), anti-Ras(Q61L) anti-
body (NewEast Biosciences, Cat. No. NEBA10195) and
anti-β-actin (Santa Cruz, Cat. No. sc-130,656). Immuno-
blots shown in the accompanying figures are representa-
tive of three independent experiments.

Measurement of RhoA, Rac1 and Ras activity
After 24 h drug treatment, cellular RhoA, Rac1 and Ras
activities were assessed using total cell lysates and were
measured using RhoA G-LISA Activation Assay Kit,
Rac1 G-LISA Activation Assay Kit and Ras G-LISA Acti-
vation Assay Kit (Cytoskeleton Inc. US).

Plasmid transfection
Cells were transfected with control plasmid (pSecTag2A
vector) and pHras (Q61L). Constitutively active Ras
(Q61L) was cloned to pSecTag2A from Addgene plas-
mid # 83186. Plasmid DNA transfection was performed
using Lipofectamine 2000 transfection reagent (Invitro-
gen) as per the manufacture’s protocol. Cells were proc-
essed for cellular assays at 48 h post-transfection.

Statistical analyses
All data are expressed as mean and standard error meas-
urement (SEM) to indicate data variability. Comparisons
of categorical variables by student t test or one way
ANOVA were performed using Prism version 8.0
(GraphPad Inc., USA). P-value < 0.05 was defined as sta-
tistically significant.

Results
Ropivacaine and lidocaine but not bupivacaine
demonstrates anti-migratory, anti-proliferative and pro-
apoptotic effects to melanoma cells
We first analyzed the effects of three commonly used
local anesthetics on melanoma cells migration, growth
and survival. Two human cell lines modeling in vitro
melanoma with varying cellular origin and genetic profil-
ing were chosen in this study. A375 harbors BRAF
V600E mutation and is p53 positive whereas A431 con-
tains wildtype BRAF [18]. Ropivacaine, lidocaine and

Zheng et al. BMC Anesthesiology           (2020) 20:43 Page 2 of 9



bupivacaine at concentration range from 0.2 to 2 mM
were tested. As shown in Fig. 1a and b, and supplemen-
tary Figs. 1 and 2, ropivacaine and lidocaine significantly
inhibited both A375 and A431 cell migration in a
concentration-dependent manner. In addition, ropiva-
caine and lidocaine decreased proliferation as shown by
BrdU level and induced apoptosis as shown by Annexin
V percentage in melanoma cells (Fig. 1c and d, and sup-
plementary Figs. 3 and 4). Notably, ropivacaine is more
potent than lidocaine in melanoma cells. We also ob-
served that the starting concentration (0.25 mM) re-
quired to inhibit migration is the lowest compared to
the concentration (0.5 mM) needed to inhibit prolifera-
tion and induce apoptosis, suggesting that ropivacaine is
more effective in inhibiting migration than growth and
survival in melanoma cells. In contrast, bupivacaine up

to 2 mM did not affect melanoma cell migration, growth
or survival (Fig. 1).

Ropivacaine and lidocaine but not bupivacaine augments
the inhibitory effects of vemurafenib and dacarbazine in
melanoma cells
We next determined the combinatory effects of local an-
esthetics with drugs commonly used for melanoma
treatment. Dacarbazine is a chemotherapeutic drug for
metastatic melanoma [19] and vemurafenib is a B-Raf
enzyme inhibitor to treat late stage of melanoma with
BRAF V600E mutation [20]. The dose we had selected
for combination studies is the dose that gives moderate
effect as single drug alone. We found that ropivacaine
and lidocaine significantly enhanced the in vitro efficacy
of dacarbazine in suppressing migration and proliferation,

Fig. 1 The inhibitory effects of local anesthetics on melanoma cell migration, growth and survival. (a) Representative images of melanoma cell
migration in the absence and presence of 1 mM ropivacaine, lidocaine or bupivacaine. (b) Quantification of five random fields per sample using
NIH ImageJ software shows the anti-migratory effects of ropivacaine and lidocaine but not bupivacaine in A375 and A431 cells. The differential
effects of three local anesthetics at concentration range from 0.25 to 2 mM on melanoma cell proliferation (c) and survival (d). Annexin V-positive
cells were considered as apoptotic cells. The data were derived from three independent experiments and presented as mean ± SEM. *p < 0.05,
compared to control
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and inducing apoptosis in melanoma cells (Fig. 2 and sup-
plementary 5 to 8). Similarly, the combination of vemura-
fenib with ropivacaine or lidocaine is more effective than
vemurafenib alone (Fig. 2). The combinatory effects of
local anaesthetics with vemurafenib or dacarbazine are
likely to be synergistic. For example, the Annexin V% in
the combinatory group is more than the sum of Annexin
V% in two single drugs. We did not observe further inhib-
ition of the combination of bupivacaine with vemurafenib
or dacarbazine in melanoma cells (Fig. 2). These results
demonstrate that ropivacaine and lidocaine but not

bupivacaine acts synergistically with both targeted therapy
or chemo therapy drugs in melanoma cells.

Ropivacaine but not bupivacaine inhibits GTPases
activities in melanoma cells in a voltage-gated sodium
channel (VGSC)-independent manner
RhoA, Rac1 and Ras are members of Ras super family of
small GTPases that are critically involved in tumor cell
biological activities such as migration, growth and sur-
vival [21]. Our previous study has revealed that ropiva-
caine inhibited esophageal carcinoma cells via targeting

Fig. 2 The combinatory effects of local anesthetics with vemurafenib and dacarbazine on melanoma cell migration, growth and survival.
Ropivacaine and lidocaine but not bupivacaine significantly further enhanced the anti-migratory (a), anti-proliferative (b) and pro-apoptotic (c)
effects of vemurafenib and dacarbazine. Vemurafenib at 1 μM and dacarbazine at 50 μM were used for the combination studies. Ropivacaine,
lidocaine and bupivacaine at 0.5 mM, 1 mM and 1mM were used for migration, proliferation and apoptosis assays, respectively. The data were
derived from three independent experiments and presented as mean ± SEM. *p < 0.05, compared to vemurafenib; #p < 0.05, compared
to dacarbazine
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Rac1 [17]. To understand the molecular mechanism of
ropivacaine’s action in melanoma cells, we investigated
the effects of ropivacaine on small GTPases. We found
that ropivacaine significantly decreased RhoA, Rac1 as
well as Ras activities in melanoma cells (Fig. 3a to c).
Similar to ropivacaine, we found that lidocaine also sig-
nificantly decreased the activities of RhoA, Rac1 and Ras
in melanoma cells (Supplementary Fig. S9). In contrast,
bupivacaine which did not display inhibitory effects on
melanoma cells did not affect RhoA, Rac1 and Ras activ-
ities (Fig. 3a to c), suggesting the specific inhibitory ef-
fects of ropivacaine on these small GTPases.
Additionally, ropivacaine decreased RhoA and Ras activ-
ities to a larger extent than Rac1 activity, suggesting that
the dominant effects of ropivacaine are inhibition of
RhoA and Ras rather than Rac1 in melanoma cells.

We next determined whether the inhibitory effects of
ropivacaine on small GTPases were associated with ropi-
vacaine’s action on voltage-gated sodium channels
(VGSC) [8]. We found that VGSC activator vetratridine
at concentrations that abolished amide-linked local
anesthesia-induced membrane depolarization [22] did
not affect melanoma cell RhoA, Rac1 or Ras activity
(Fig. 3d to f). Furthermore, VGSC blocker tetrodotoxin
at the concentration that inhibits all VGSCs in excitable
membranes [23] did not affect these small GTPases ac-
tivities (Fig. 3d to f). The addition of tetrodotoxin did
not abolish the inhibitory effects of ropivacaine on RhoA
and Ras activities (Supplementary Fig. 10). These results
suggest that the inhibitory effects of ropivacaine on
small GTPases are not associated with sodium channel
blockade.

Fig. 3 Ropivacaine but not bupivacaine or sodium channel inhibitor and activator decreased RhoA, Rac1 and Ras activities in melanoma cells.
Ropivacaine but not bupivacaine significantly decreased RhoA (a), Rac1(b) and Ras (c) activities in A431 cells. Sodium channel activator veratridine
(0.03 mM) and blocker tetrodotoxin (100 nM) did not affect RhoA (d), Rac1 (e) and Ras (f) activity in A431 cells. The data were derived from three
independent experiments and presented as mean ± SEM. *p < 0.05, compared to control
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Ropivacaine acts on melanoma cells via inhibiting Ras
and RhoA signalling pathways
To confirm that ropivacaine acts on melanoma cells
via targeting small GTPases, we attempted to rescue
ropivacaine’s inhibitory effects using genetic and
pharmacological approaches. We overexpressed con-
stitutively active Ras (Q61L) in A431 melanoma cells
and observed the increased mRNA and protein level
of Ras (Q61L) as well as increased Ras activity (Fig. 4a
and Supplementary Fig. 11). As expected, the de-
creased Ras activity by ropivacaine was rescued by
Ras (Q61L) overexpression. Notably, we further found
that overexpression of constitutively active Ras par-
tially but significantly abolished the inhibitory effects
of ropivacaine on melanoma cell migration, growth
and survival (Fig. 4b to d), demonstrating that Ras in-
hibition is involved in ropivacaine’s ability in inhibit-
ing melanoma cell migration, growth and survival. In

addition, Rho activator I calpeptin [24] also partially
but significantly reversed the anti-migratory and anti-
proliferative but not pro-apoptotic effects of ropiva-
caine (Fig. 4e to h), indicating that RhoA inhibition is
involved in ropivacaine’s ability in inhibiting melan-
oma cell migration and growth but not survival. Con-
sistently, western blot analysis of phosphorylation
level of the essential molecules downstream of Ras
and RhoA signalling in cells exposed to ropivacaine
demonstrated the decreased phosphorylation of Raf
and MEK, MYPT1 and MLC (Fig. 4i), demonstrating
that ropivacaine inhibits Ras/Raf/ERK and RhoA/
MYPT1/MCL signalling pathways in melanoma cells.

Discussion
In this present study, we found that ropivacaine and
lidocaine but not bupivacaine resulted in significant
inhibitions of cell migration and growth, and

Fig. 4 Ropivacaine’s inhibitory effects were abolished by active Ras overexpression or RhoA activator in melanoma cells. Overexpression of
constitutively active Ras significantly reversed the effects of ropivacaine (2 mM) in decreasing Ras activity (a), inhibiting migration (b), decreasing
BrdU level (c) and inducing apoptosis (d) in A431 cells. RhoA activator calpeptin significantly reversed the effects of ropivacaine (2 mM) in
decreasing RhoA activity (e), inhibiting migration (f) and decreasing BrdU level (g) in A431 cells. (h) Calpeptin did not reverse ropivacaine’s effect
in inducing apoptosis in A431 cells. (i) Western blot of A431 cells treated with ropivacaine for 24 h. Representative western blot photos were
shown. *p < 0.05, compared to p-Vec or -Calpeptin
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induction of cell apoptosis in melanoma. This is con-
sistent with the previous study showing the cytotoxic
effects of local anesthesia through lidocaine and ropi-
vacaine on a human melanoma cell line [25]. Our
study further extends the previous study by showing
that 1) bupivacaine is not toxic to melanoma cells; 2)
local anesthetics have differential effects on the vary-
ing biological activities of melanoma cells; and 3) the
molecular mechanisms are via targeting small
GTPases.
After treatment of ropivacaine and lidocaine but

not bupivacaine at concentration range from 0.25 to
2 mM, we observed a significant reduction on the mi-
grated cell number and BrdU level, and an increase
in the percentage of Annexin V in two cell lines
which represent human melanoma model with differ-
ent cellular origin and oncogenic mutations (Fig. 1).
The mean peak plasma concentrations of local anes-
thetics following transversus abdominis plane block is
between 1 and 3 μM [26]. Similarly, Li et al’s work
referred 0.02 to 0.1 mM as clinical relevance doses of
local anesthetics [27]. The rational of testing concen-
tration of local anesthetics that far exceeds the
plasma concentration is because local anesthetics have
wide range of uses in clinical practice and their
plasma concentrations can vary widely. In addition,
the surrounding tissues of tumor could be infiltrated
with local anesthetic at the concentration range of
clinical preparations. For example, the local infiltra-
tion concentration of ropivacaine can reach ~ 8 mM
[27]. It is interesting to note that ropivacaine and
lidocaine are more effective in inhibiting migration
and growth than inducing apoptosis, suggesting that
their anti-migratory and anti-proliferative effects are
more pronounce in melanoma cells. This is supported
by our previous study that ropivacaine potently in-
hibits esophageal cancer cell migration without affect-
ing survival [17]. In addition, both ropivacaine and
lidocaine significantly enhanced the in vitro efficacy
of vemurafenib and dacarbazine in melanoma cells
(Fig. 2). This is consistent with the previous work
[13, 17], demonstrating the enhanced efficacy between
amide-linked local anaesthetic and anti-cancer agents
in cancer cells.
Although the anti-cancer activity of bupivacaine has

been demonstrated in various cancers, including gas-
tric cancer, prostate cancer and ovarian cancer [9,
28], our work and Li et al’s work demonstrate that
bupivacaine does not affect melanoma migration,
growth and survival [29]. In addition, bupivacaine
does not inhibit breast cancer cell function [30].
Bupivacaine has been shown to augment chemothera-
peutic agents’ efficacy in ovarian cancer and gastric
cancer [9]. In gastric cancer model, we also

demonstrated that bupivacaine acts synergistically
with chemo drugs [17]. However, we did not observe
any combinatory effects in melanoma cells when
bupivacaine was combined with standard of care
drugs for melanoma (Fig. 2). The differential effects
observed in different types of cancers suggest that the
anti-cancer activity of bupivacaine is cancer type-
dependent.
The majority of melanoma cases demonstrate onco-

genic activation of the KIT—NRAS—BRAF—MEK—
ERK central axis that is a major regulator of cell dif-
ferentiation and proliferation [31]. We identified that
Ras and RhoA were the targets of ropivacaine in mel-
anoma cells. Ropivacaine inhibited Ras and RhoA ac-
tivities, and their global downstream signalling (Fig. 3
and 4a to c and i). The lack of changes in Ras and
RhoA activities in melanoma cells following bupiva-
caine treatment (Fig. 3a to c) may also explain their
unchanged migration, growth and survival behaviours.
Particularly, we further revealed that ropivacaine
inhibited migration mainly via suppressing RhoA
whereas induced apoptosis mainly via inhibiting Ras
in melanoma cells (Fig. 4a to h), and furthermore that
this was not dependent on VGSC (Fig. 3d to f). As
amide-linked local anesthetics, ropivacaine, lidocaine
and bupivacaine act on neuron cells via blocking
VGSC [8]. In our study, we found that ropivacaine
acts on melanoma cells in a VGSC-independent man-
ner. Other relevant studies including our previous
work also demonstrate that the anti-cancer activities
of local anesthetics are not through blocking VGSC
[17, 32]. This might explain the differential activity of
local anesthetics in cancer. We previously showed
that ropivacaine targeted small GTPases via inhibiting
prenylation in esophageal cancer cells [17]. Given our
results that the activities of all tested small GTPases
were affected by ropivacaine, we speculate that preny-
lation inhibition is likely to be involved in ropiva-
caine’s action in melanoma cells.
In conclusion, we have demonstrated a direct inhibitory

effect of ropivacaine and lidocaine but not bupivacaine on
melanoma cells, which are associated with sodium
channel-independent inhibition of Ras and RhoA signaling
(Supplementary Fig. 12). These findings indicate the dif-
ferential effects of local anesthetics in cancer, depending
on cancer types. Our findings provide experimental evi-
dence and rationale to select the optimal anaesthetic regi-
mens to further benefit melanoma patient care. However,
we would also like to highlight that our work is not with-
out limitations. Given the complexity in in vivo micro-
environment and clinical settings, further large-scale
prospective clinical trials are warranted to determine the
effects of local anesthetics on longer-term reoccurrence or
metastasis in patients with melanoma.
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Supplementary information accompanies this paper at https://doi.org/10.
1186/s12871-020-00957-4.

Additional file 1 Figure S1. The inhibitory effects of local anesthetics
on melanoma cell migration. Figure S2. The inhibitory effects of local
anesthetics on melanoma cell migration. Figure S3. The inhibitory
effects of local anesthetics on melanoma cell survival. Figure S4. The
inhibitory effects of local anesthetics on melanoma cell survival. Figure
S5. The combinatory effects of local anesthetics with vemurafenib and
dacarbazine on melanoma cell migration. Figure S6. The combinatory
effects of local anesthetics with vemurafenib and dacarbazine on
melanoma cell migration. Figure S7. The inhibitory effects of local
anesthetics on melanoma cell survival. Figure S8. The inhibitory effects
of local anesthetics on melanoma cell survival. Figure S9. Lidocaine
decreased RhoA, Rac1 and Ras activities in melanoma cells. Figure S10.
Tetrodotoxin does not abolish the inhibitory effect of ropivacaine in
decreasing small GTPases activities in melanoma cells. Figure S11.
Overexpression of Ras(Q61L) in A431 cells. Figure S12. The molecular
mechanisms of ropivacaine’s action on melanoma.

Abbreviations
BrdU: Bromodeoxyuridine / 5-bromo-2′-deoxyuridine; DMSO: Dimethyl
sulfoxide; SEM: Standard error measurement; VGSC: Voltage-gated sodium-
channel

Acknowledgements
Not applicable.

Authors’ contributions
QHZ and YQZ designed the experiments. QHZ and XHP performed each of
the tests and collated the data. QHZ and YQZ analysed the results and
prepared the manuscript. The author(s) read and approved the final
manuscript.

Funding
This work was supported by a research grant provided by Wuhan Health and
Family Planning Commission (WZ17Z08 and WX18c04).

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors reviewed and consented to the publication of the manuscript.

Competing interests
All authors declare no conflict of interest.

Received: 29 June 2019 Accepted: 31 January 2020

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin. 2015;

65(1):5–29.
2. Fisher R, Larkin J. Vemurafenib: a new treatment for BRAF-V600 mutated

advanced melanoma. Cancer Manag Res. 2012;4:243–52.
3. Valko-Rokytovska M, Bruchata K, Simkova J, Milkovicova M, Kostecka Z.

Current trends in the treatment of malignant melanoma. Neoplasma. 2016;
63(3):333–41.

4. Gottschalk A, Sharma S, Ford J, Durieux ME, Tiouririne M. Review article: the
role of the perioperative period in recurrence after cancer surgery. Anesth
Analg. 2010;110(6):1636–43.

5. Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E, Sessler DI. Can anesthetic
technique for primary breast cancer surgery affect recurrence or metastasis?
Anesthesiol. 2006;105(4):660–4.

6. Biki B, Mascha E, Moriarty DC, Fitzpatrick JM, Sessler DI, Buggy DJ.
Anesthetic technique for radical prostatectomy surgery affects cancer
recurrence: a retrospective analysis. Anesthesiol. 2008;109(2):180–7.

7. Chen WK, Miao CH. The effect of anesthetic technique on survival in human
cancers: a meta-analysis of retrospective and prospective studies. PLoS One.
2013;8(2):e56540.

8. Heavner JE. Local anesthetics. Curr Opin Anaesthesiol. 2007;20(4):336–42.
9. Xuan W, Zhao H, Hankin J, Chen L, Yao S, Ma D. Local anesthetic

bupivacaine induced ovarian and prostate cancer apoptotic cell death and
underlying mechanisms in vitro. Sci Rep. 2016;6:26277.

10. Bundscherer A, Malsy M, Gebhardt K, Metterlein T, Plank C, Wiese CH, Gruber
M, Graf BM. Effects of ropivacaine, bupivacaine and sufentanil in colon and
pancreatic cancer cells in vitro. Pharmacol Res. 2015;95-96:126–31.

11. Wang HW, Wang LY, Jiang L, Tian SM, Zhong TD, Fang XM. Amide-linked
local anesthetics induce apoptosis in human non-small cell lung cancer. J
Thorac Dis. 2016;8(10):2748–57.

12. Xing W, Chen DT, Pan JH, Chen YH, Yan Y, Li Q, Xue RF, Yuan YF, Zeng WA.
Lidocaine induces apoptosis and suppresses tumor growth in human
hepatocellular carcinoma cells in vitro and in a Xenograft model in vivo.
Anesthesiol. 2017;126(5):868–81.

13. Zheng Q, Peng X, Yu H. Local anesthetic drug inhibits growth and survival
in chronic myeloid leukemia through suppressing PI3K/Akt/mTOR. Am J
Med Sci. 2018;355(3):266–73.

14. Ni J, Xie T, Xiao M, Xiang W, Wang L. Amide-linked local anesthetics
preferentially target leukemia stem cell through inhibition of Wnt/beta-
catenin. Biochem Biophys Res Commun. 2018;503(2):956–62.

15. Gao J, Hu H, Wang X. Clinically relevant concentrations of lidocaine inhibit
tumor angiogenesis through suppressing VEGF/VEGFR2 signaling. Cancer
Chemother Pharmacol. 2019;83(6):1007–15.

16. Yang J, Li G, Bao K, Liu W, Zhang Y, Ting W. Ropivacaine inhibits tumor
angiogenesis via sodium-channel-independent mitochondrial dysfunction
and oxidative stress. J Bioenerg Biomembr. 2019;51(3):231–8.

17. Zhang Y, Peng X, Zheng Q. Ropivacaine inhibits the migration of
esophageal cancer cells via sodium-channel-independent but prenylation-
dependent inhibition of Rac1/JNK/paxillin/FAK. Biochem Biophys Res
Commun. 2018;501(4):1074–9.

18. Giard DJ, Aaronson SA, Todaro GJ, Arnstein P, Kersey JH, Dosik H, Parks WP.
In vitro cultivation of human tumors: establishment of cell lines derived
from a series of solid tumors. J Natl Cancer Inst. 1973;51(5):1417–23.

19. Serrone L, Zeuli M, Sega FM, Cognetti F. Dacarbazine-based chemotherapy
for metastatic melanoma: thirty-year experience overview. J Exp Clin Cancer
Res. 2000;19(1):21–34.

20. Bollag G, Tsai J, Zhang J, Zhang C, Ibrahim P, Nolop K, Hirth P. Vemurafenib:
the first drug approved for BRAF-mutant cancer. Nat Rev Drug Discov. 2012;
11(11):873–86.

21. Wennerberg K, Rossman KL, Der CJ. The Ras superfamily at a glance. J Cell
Sci. 2005;118(Pt 5):843–6.

22. Barshack I, Levite M, Lang A, Fudim E, Picard O, Ben Horin S, Chowers Y.
Functional voltage-gated sodium channels are expressed in human
intestinal epithelial cells. Digestion. 2008;77(2):108–17.

23. Catterall WA. Neurotoxins that act on voltage-sensitive sodium channels in
excitable membranes. Annu Rev Pharmacol Toxicol. 1980;20:15–43.

24. Schoenwaelder SM, Burridge K. Evidence for a calpeptin-sensitive protein-
tyrosine phosphatase upstream of the small GTPase rho. A novel role for
the calpain inhibitor calpeptin in the inhibition of protein-tyrosine
phosphatases. J Biol Chem. 1999;274(20):14359–67.

25. Kang DK, Zhao LY, Wang HL. cytotoxic effects of local anesthesia through
lidocaine/ropivacaine on human melanoma cell lines. Rev Bras Anestesiol.
2016;66(6):594–602.

26. Trabelsi B, Charfi R, Bennasr L, Marzouk SB, Eljebari H, Jebabli N, Sassi MB,
Trabelsi S, Maghrebi H. Pharmacokinetics of bupivacaine after bilateral
ultrasound-guided transversus abdominis plane block following cesarean
delivery under spinal anesthesia. Int J Obstet Anesth. 2017;32:17–20.

27. Li R, Xiao C, Liu H, Huang Y, Dilger JP, Lin J. Effects of local anesthetics on
breast cancer cell viability and migration. BMC Cancer. 2018;18(1):666.

28. Dan J, Gong X, Li D, Zhu G, Wang L, Li F. Inhibition of gastric cancer by
local anesthetic bupivacaine through multiple mechanisms independent of
sodium channel blockade. Biomed Pharmacother. 2018;103:823–8.

29. Li T, Chen L, Zhao H, Wu L, Masters J, Han C, Hirota K, Ma D. Both
bupivacaine and Levobupivacaine inhibit colon cancer cell growth but not
melanoma cells in vitro. J Anesth. 2019;33(1):17–25.

Zheng et al. BMC Anesthesiology           (2020) 20:43 Page 8 of 9

https://doi.org/10.1186/s12871-020-00957-4
https://doi.org/10.1186/s12871-020-00957-4


30. Ecimovic P, Murray D, Doran P, Buggy DJ. Propofol and bupivacaine in
breast cancer cell function in vitro - role of the NET1 gene. Anticancer Res.
2014;34(3):1321–31.

31. Ji Z, Flaherty KT, Tsao H. Targeting the RAS pathway in melanoma. Trends
Mol Med. 2012;18(1):27–35.

32. Piegeler T, Votta-Velis EG, Liu G, Place AT, Schwartz DE, Beck-Schimmer B,
Minshall RD, Borgeat A. Antimetastatic potential of amide-linked local
anesthetics: inhibition of lung adenocarcinoma cell migration and
inflammatory Src signaling independent of sodium channel blockade.
Anesthesiol. 2012;117(3):548–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zheng et al. BMC Anesthesiology           (2020) 20:43 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Cell culture and drug reconstitution
	Proliferation assay
	Measurement of cell apoptosis and migration
	Western blot analyses
	Measurement of RhoA, Rac1 and Ras activity
	Plasmid transfection
	Statistical analyses

	Results
	Ropivacaine and lidocaine but not bupivacaine demonstrates anti-migratory, anti-proliferative and pro-apoptotic effects to melanoma cells
	Ropivacaine and lidocaine but not bupivacaine augments the inhibitory effects of vemurafenib and dacarbazine in melanoma cells
	Ropivacaine but not bupivacaine inhibits GTPases activities in melanoma cells in a voltage-gated sodium channel (VGSC)-independent manner
	Ropivacaine acts on melanoma cells via inhibiting Ras and RhoA signalling pathways

	Discussion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

