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Abstract. Regional anesthesia may prolong survival following
surgery for different types of cancers. The mechanisms behind
this are unclear but direct effects on cancer cells by local
anesthetics (LA) have been suggested. The aim of this study was
to investigate if lidocaine or ropivacaine have a dose-dependent
effect on the cell viability and proliferation of a primary and a
secondary colon carcinoma cell line in vitro. The colon cancer
cell lines SW480 derived from primary tumor and SW620 from
a metastatic site in the same patient were exposed to increasing
concentrations of lidocaine and ropivacaine (5-1,000 yM).
Cell viability was measured using CellTiter-Blue® and cell
proliferation by PKH67 after exposure for up to 72 h. Cell
viability was significantly reduced by ropivacaine at the highest
concentration (1,000 M) after 48 and 72 h in the cell line SW480
and at 72 h in SW620. Exposure to lidocaine did not show any
significant reduction in cell viability. Notably, low concentrations
of both lidocaine and ropivacaine significantly increased cell
viability after 48 and 72 h in SW620. Cell proliferation was
significantly reduced by 1,000 yM lidocaine in SW480 and by
1,000 M ropivacaine in SW620. In summary, both lidocaine
and ropivacaine showed an anti-proliferative effect in the colon
cancer cell lines at high concentrations and after prolonged
exposure to LA in vitro. Our findings also indicate that lower
concentrations promote cell viability in the metastatic cell line.

Introduction

The surgical procedure is the mainstay of treatment for
colorectal and other solid cancers. However, it may itself
promote cancer growth and metastasis (1) since tumor cells can
disseminate during surgery. Perioperative immunosuppression
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may facilitate the spread and survival of malignant cells in the
body (2). Several retrospective studies have suggested that the
use of regional anesthesia in cancer surgery might improve
survival (3-5). The precise mechanisms underlying the possible
effects of regional anesthesia have not been fully elucidated
but an impact on reduction in stress response, postoperative
inflammation and prevention of immunosuppression has
been proposed (6,7). Local anesthetics (LA) act by blocking
voltage-gated sodium channels (VGSC) in all cells and may
also have direct inhibitory effects on cancer cells by inducing
apoptosis (8), demethylating DNA (9), blocking metastatic
cancer cell invasion in vitro (10) and may have direct cyto-
toxic (11) and anti-proliferative effects (12). While evolving
from primary tumor cells to metastatic cells, cancer cells have
to change phenotypes and properties (13). This transformation
might also affect the response of cancer cells to LA.

LA administered by the epidural route are absorbed into
the systemic circulation. Peak plasma concentrations of ropi-
vacaine during an epidural infusion for 120 h ranged between
2.4 and 6.1 ug/ml, equivalent to approximately 10-22 uM (14).
Systemic plasma levels for lidocaine have been found to
lie in the same range (15). After local application of LA by
intraperitoneal injection or tissue infiltration, the LA concen-
trations at the injection site are in the millimolar range, which
is 1,000 times greater than that achieved following intrave-
nous administration (16). Therefore, it is possible that LA
may prevent cancer cell proliferation and micro-infiltration
of cancer cells when injected locally into tissues as well as
potentially inhibit imminent metastases during the periopera-
tive period when immune modulation is sub-optimal.

In this study, we hypothesized that commonly used local
anesthetic agents, lidocaine and ropivacaine, decrease cell
viability and inhibit proliferation of colon cancer cells in vitro
in a dose-dependent manner when used in clinically relevant
concentrations. Furthermore, we investigated if there is a
different effect of LA on primary colon cancer cells and cells
derived from metastatic colon cancer.

Materials and methods

Cell culture and LA. Immortalized human colon cancer
cells SW480 and SW620 were purchased from American
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Type Culture Collection (ATCC® CCL-228 and CCL-227).
SW480 originates from an adenocarcinoma of the colon in
a 50-year-old male and SW620 was derived from a lymph
node metastasis in the same patient one year later (17).
Cells were cultured in Dulbecco's modified Eagle medium
(DMEM) with GlutaMAX, supplemented with 10% fetal
bovine serum (FBS) and 1 yg/ml penicillin/streptomycin (all
from Life technologies, Stockholm, Sweden) in a humidi-
fied incubator at 37°C and 5% CO,. Cells were cultured
following standard microbiological practices and handled
according to recommended seeding procedures. Lidocaine
10 mg/ml (Xylocaine hydrochloride; AstraZeneca,
Sodertilje, Sweden) and ropivacaine 2 mg/ml (Fresenius
Kabi, Uppsala, Sweden) were diluted with Dulbecco's PBS
(DPBS) to the desired concentrations used in the experi-
ments (low concentrations = equivalent to systemic plasma
concentration after intravenous or epidural application, high
concentrations = equivalent to local concentration after
tissue infiltration).

Cell viability assay. In 96-well plates, 4,000 cells per well
were seeded in 100 ul supplemented medium and cultured
for 24 h. The next day, 10 pl lidocaine or ropivacaine diluted
in DPBS were added to the wells to reach the final concen-
trations 5, 10, 15, 20, 25, 50, 100 and 500 M. In addition,
a 20 ul solution was added to reach a final concentration
of 1,000 M of lidocaine and ropivacaine, respectively.
As drug-free control, cells were cultured in supplemented
medium and 10 ul DPBS for 5-500 M (control 1) and 20 ul
DPBS for 1,000 uM (control 2). Each concentration of anes-
thetics was run in quadruplicate wells and three independent
experiments were performed. Cell viability was tested after
24,48 and 72 h exposure using CellTiter-Blue® Cell Viability
Assay (Promega Biotech AB, Stockholm, Sweden) according
to manufacturer's protocol. Briefly, to estimate cell viability,
20 ul CellTiter-Blue was added to the 96-well cell culture
plate and shaken for 10 sec. The plates were incubated for
2.5 h before fluorescence was measured with FLUOstar
optima (BMG Labtech GmbH, Ortenberg, Germany) with a
544Ex/590Em filter set.

Cell proliferation assay. Cell Linker kit PKH67, MINI67
(Sigma-Aldrich, Stockholm, Sweden) was used to analyze
cell proliferation with flow cytometry. The cells were dyed
at time of seeding according to manufacturer's protocol. The
cell linker kit stains lipid regions of the cell membrane with a
green fluorochrome without impairing cellular functions. The
amount of incorporated fluorochrome decreases as the cells
divide during mitosis.

In 6-well plates, 120,000 PKH67 stained cells per well
were seeded in 3 ml supplemented medium 24 h before drug
exposure. Then, 330 pl lidocaine or ropivacaine diluted in
DPBS were added to the cells to achieve the final concentra-
tions: 10, 500 and 1,000 M. The same volume DPBS was
used as drug-free control. Each concentration of anesthetics
was run in duplicate wells and three independent experiments
were performed. After 72 h, cells were trypsinated and then
analysed using a Gallios Flow Cytometer (Beckman Coulter,
Indianapolis, IN, USA) equipped with blue laser (488 nm),
yellow laser (561 nm) red laser (638 nm) and violet laser
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(405 nm). Data was collected with Kaluza for Gallios 1.0 and
analyzed with Kaluza analysis 1.3 (Beckman Coulter). The
amount of incorporated PKH67 was measured by median
fluorescence intensity (MFI). A MFI ratio between drug-free
control and each concentration was then calculated.

Statistical analysis. Results are presented as median (range)
ratio between respective drug concentration and drug-free
control. A ratio >1 indicates an increased cell viability or cell
proliferation while a ratio <1 indicates decreased cell viability
or inhibition of cell proliferation.

We used Shapiro-Wilks test for normal distribution. The
results showed that the data for some of the experiments were
not normally distributed. Therefore, non-parametric methods
were used for statistical analysis. Cell viability data from
three independent experiments in quadruplicate (n=12) were
analyzed using Kruskal-Wallis test (5-500 M) with Dunn's
correction for multiple comparisons. Mann-Whitney-U test
was used for the highest concentration (1,000 xM) in
comparison with its drug-free control (control 2). Cell
proliferation data from three independent experiments set
in duplicate (n=6) were analyzed using Kruskal-Wallis test
with Dunn's post hoc test. P<0.05 was considered to indicate a
statistically significant difference. The statistical analysis was
performed using GraphPad Prism version 7.03 (GraphPad
Software, Inc., La Jolla, CA, USA).

Results

Cell viability. Ropivacaine: Increased cell viability was
found at 500 M [1.24 (1.06-1.49), P<0.0001] and 1,000 uM
[1.29 (1.01-1.56), P<0.001] after 24 h in SW480. A signifi-
cant increase in cell viability was also shown in SW620 at
concentrations between 5-500 uM after 48 h exposure and at
5-50 uM after 72 h exposure. Ropivacaine 1,000 uM resulted
in significantly reduced cell viability in SW480 after exposure
for 48 h [0.78 (0.44-1.06), P=0.001] and 72 h [0.57 (0.23-0.74),
P<0.0001]. In SW620, cell viability was only reduced by
1,000 uM [0.77 (0.68-0.89), P<0.0001] after 72 h exposure
(Fig. 1).

Lidocaine: there was a significant increase in cell viability
after 24 h in SW480 at 500 xM [1.13 (0.92-1.43), P<0.05]
and in SW620 at 1,000 yM [1.15 (1.03-1.30), P<0.001]. In the
metastatic cell line SW620 (but not in SW480) cell viability
was significantly increased even at lower concentrations after
exposure for 48 and 72 h (Fig. 2). No significant reduction
in cell viability was found after exposure to lidocaine at any
concentration and at any time point for both cell lines SW480
and SW620.

Cell proliferation. No significant effect on cell proliferation
was found at lower concentrations (10 and 500 M) of lido-
caine or ropivacaine (Fig. 3). However, reduction in cell
proliferation was found in both cell lines after exposure to the
highest concentration (1,000 #M) of lidocaine and ropivacaine
(Fig. 3). However, after correction for multiple comparisons, it
was only statistically significant for lidocaine in SW480 and
for ropivacaine in SW620. The anti-proliferative effect seems
to be more pronounced for ropivacaine than for lidocaine
(Fig. 4).
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Figure 1. Cell viability in SW480 and SW620 following incubation with increasing concentrations of ropivacain are presented. (A) Ropivacaine increases
cell viability in SW480 after 24 h at 500 and 1,000 #M. (B) Ropivacaine increases cell viability in SW480 after 48 h at 500 uM. A decrease was observed at
1,000 xM. (C) Ropivacaine reduces cell viability in SW480 after 72 h at 1,000 uM. (D) Ropivacaine increases cell viability in SW620 after 24 h at 1,000 M.
(E) After 48 h a significant increase in cell viability in SW620 is noted in all concentrations except 1,000 uM. (F) Ropivacaine increases cell viability in
SW620 after 72 h at concentrations between 5 and 50 M, a reduction in cell viability was observed at 1,000 yM. Results are presented as the median ratio
and range of CellTiter Blue® values from three independent experiments in quadruplicate (n=12) between drug exposed cells and unexposed cells (control=1,

dotted line). “P<0.05 vs. control.

Discussion

Our hypothesis of reduced cell viability following LA
exposure was only partially supported by our findings. Cell
viability was not significantly reduced by lidocaine in any
concentration tested or at any time point. However, a signifi-
cant decrease in cell viability was observed for ropivacaine
at 1,000 uM, when the exposure time was at least 48 h. Our
results are based on estimating cell viability using an assay
where a redox dye is converted into a fluorescent product by
metabolically active, living cells. An increase in fluorescence
is regarded to be proportional to increased cell count, while a
reduction in fluorescence may accordingly be proportional to
reduced cell count. The method has limitations and we cannot
be sure that changes in fluorescence depend on changes in cell
metabolism rather than cell count (18). However, the reduction
in cell viability measured by CellTiter-Blue® for ropivacaine
at 1,000 M corresponds to a reduction in cell proliferation
measured by PKH67 at the same concentration. Xuan et al
reported similar findings in ovarian and prostate cancer cell
lines (19). In their study, only bupivacaine at 1 mM decreased
cell viability significantly, but not at lower concentrations.
The effect was more pronounced when these cancer cells
were exposed to bupivacaine for 72 h. Similarly, in a study

by Le Gac et al, lidocaine and ropivacaine did not reduce cell
viability in human hepatocellular carcinoma cell lines at low
concentrations (1-10 uM). At higher concentrations (100 M,
1 and 5 mM), a dose-dependent decrease in cell viability could
be detected, which was more pronounced after 72 h compared
to 24 h (20).

Retrospective studies in humans have demonstrated
increased survival in patients having epidural analgesia with
LA compared to intravenous analgesia with morphine in colon
and rectal cancer (3,21). The precise mechanisms for this
protective effect of epidural analgesia remain unclear but one
hypothesis has been that absorption of LA from the epidural
space may inhibit cell proliferation of circulating tumor cells
released during surgery, thereby impeding perioperative cancer
metastases (22). Cell proliferation is an essential process in the
development of malignant tumors and metastasis (23). Based
on our results and previous studies, we believe that LA do not
exert an anti-proliferative effect on cancer cell lines in the range
of systemic plasma concentrations achieved during epidural
administration of LA. Other anti-metastatic mechanisms of
LA in this low range of concentrations have been proposed.
Piegeler et al have shown that lidocaine and ropivacaine
inhibit Src tyrosine kinase when used in clinically relevant
concentrations (24). Src tyrosine kinase is an important enzyme
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Figure 2. Cell viability in SW480 and SW620 after incubation with increasing concentrations of lidocaine is presented. (A) Lidocaine increases cell viability in
SW480 after 24 h at 5 and 500 yM. (B and C) No significant change in cell viability in SW480 is seen after 48 and 72 h with lidocaine. (D) Lidocaine increases
cell viability in SW620 after 24 h at 1,000 uM. (E) After 48 h an increase in cell viability in SW620 is noted at all tested concentrations. (F) Lidocaine increases
cell viability in SW620 after 72 h at concentrations between 10 and 50 xM, and at 500 M. Results are presented as the median ratio and range of Celltiter
Blue® values from three independent experiments in quadruplicate (n=12) between drug exposed cells and unexposed cells (control=1, dotted line). "P<0.05
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experiments in duplicate (n=6) between drug exposed cells and drug-free cells (control=1, dotted line). (A) Lidocaine significantly decreased cell proliferation
in SW480 at 1,000 M. (B) Ropivacaine did not significantly affect cell proliferation in SW480 at any concentration tested. (C) Lidocaine demonstrated no
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Figure 4. Change in cell proliferation measured by PKH67 presented in overlays. The data are presented as an overlay histogram of PKH67 median fluo-
rescence intensity compared with the drug-free control (0 M) and 1,000 M L or R. (A) Overlay of PKH67 median fluorescence intensity for SW480 cells
comparing drug-free control (light grey) and 1,000 #M L (black). (B) Overlay of PKH67 median fluorescence intensity for SW480 cells comparing drug free
control (light grey) and 1,000 M R (black). (C) Overlay of PKH67 median fluorescence intensity for SW620 cells comparing drug-free control (light grey) and
1,000 uM L (black). (D) Overlay of PKH67 median fluorescence intensity for SW620 cells comparing drug free control (light grey) and 1,000 uM R (black).

L, lidocaine; R, ropivacaine.

in tumor growth and metastasis and controls the activation of
matrix-metalloproteinases (MMP), another important factor
in the pathogenesis of metastasis. Lidocaine and ropivacaine
inhibited MMP9-secretion by NCI-H838 lung adenocarcinoma
cells with an ICy, of 3.3 and 1.5 uM, respectively (25). This
effect of LA was independent of their primary mechanism of
action, the blockade of VGSC. VGSC have been detected on
a variety of different cancer cells and are presumed to play an
important role in the process of metastasis (26). Cancer cell
lines SW480 and SW620 used in our study express mainly
the VGSC-isoform Na,1.5 (27). Baptista-Hon er al were able
to show that metastatic cell invasion of SW620 is potently
inhibited by ropivacaine in vitro with an ICy, value below
5 uM (10).

The effect of LA varies with different types of cancer cell
lines and their properties. Our findings on inhibition of cell
viability and proliferation are in line with Martinsson (28).
They showed that ropivacaine reduced cell proliferation in
colon cancer cell lines, HT-29 and Caco-2, in a dose-dependent
manner with an IC;;>250 and 430 uM, respectively. They also
found that lidocaine had a less potent anti-proliferative effect
than ropivacaine. HT-29, Caco-2 and SW480 all originate from
human colon adenocarcinoma. There are many similarities
but even distinct differences between these cell lines (29)
justifying further research.

In contrast to our primary hypothesis, we noted a signifi-
cant increase in cell viability especially in the metastatic cell
line SW620 when exposed for at least 48 h to concentrations
of lidocaine or ropivacaine equivalent to those systemically
achievable in vivo. A comparable increase in cell viability could
not be seen in the primary tumor cell line SW480. The cell lines
SW480 and SW620 are unique as they originate from the same
patient reflecting progression from primary to metastatic tumor
cells. It is believed that tumor cells undergo distinctive changes
in both morphologic and functional properties to metastasize

to distant tissues (30). The process of metastasis is generally
inefficient and not all cancer cells released into the circulation
during a surgical procedure are able to develop into distant
metastases (31). Cells that already have passed through the
‘epithelial-mesenchymal transition’ (EMT) and have acquired
the ability for invasion and dissemination are likely to be able
to form metastases (32). Hewitt et al showed that SW480 and
SW620 have retained significant histological differences (33).
SW620 cells have a more fibroblast-like appearance, a higher
growth rate and are more invasive than SW480. The fact that
SW620 respond with increased cell viability to LA is thus
especially interesting, as it must be suspected that mainly cells
that have undergone metastatic transformation are able to form
distant metastases if released during the perioperative period. To
the best of our knowledge there is no study published with focus
on the effect of LA on primary and metastatic colon cancer cell
lines. The observation that there is increased cell viability in the
metastatic cell line is remarkable and Bundscherer et al found
similar results in a previous study (34). Bupivacaine also signifi-
cantly increased cell growth in PaTu8988t, a cell line originated
from a liver metastasis of a pancreatic adenocarcinoma, in
similar concentrations (0.1-100 xM). However, the increase in
cell viability as measured by CellTiter-Blue® for both ropiva-
caine and lidocaine is not accompanied by an increase in cell
proliferation as analyzed by PKH67. The cell viability assay
used in this study cannot exclude that the increase of viability
shown is a result of increased metabolism and not increased cell
count. Ropivacaine has been shown to affect energy metabolism
in cells by uncoupling of oxidative phosphorylation and a direct
inhibitory effect on mitochondrial enzyme complexes (35,36).
However, this should cause a reduction in cell viability not an
increase. Thus, the mechanisms behind the increase in cell
viability of the metastatic cell line SW620 when exposed to LA
are still unclear, as is its clinical significance. This needs to be
further investigated in future studies.
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In conclusion, our findings show that exposure of colon
cancer cell lines to lidocaine and ropivacaine results in
increased cell viability at clinically relevant concentrations,
specifically in the metastatic cancer cell line. Future studies
should explore possible mechanisms for this observation.
Reduced cell viability and proliferation were only seen at
the highest concentration. These high concentrations can be
achieved locally by intraperitoneal administration of LA for
several days via a catheter following intra-abdominal surgery.
This opens the window for in vivo studies investigating the
clinical effectiveness of intraperitoneally administered LA in
patients undergoing surgery for colorectal cancer.
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