
Abstract. Background: Evidence is growing that the risk of
cancer dissemination may be enhanced during the
perioperative period. Whether particular anesthetic
techniques influence oncological outcome is still under
discussion. For pain management, lidocaine can be
administered perioperatively by intravenous, intraperitoneal
or epidural infusion. Here we investigated the effect of
lidocaine on colon carcinoma cell lines (HT-29 and SW480)
in vitro. Materials and Methods: ELISA BrdU (Roche) for
cell proliferation and FITC Annexin V detection kit (BD
Pharming) for apoptosis analysis were applied. Cell-cycle
profiles were investigated by flow cytometry. Results: Cell-
cycle arrest was induced in both cell lines by 1000 μM
lidocaine, while no inhibition of cell proliferation was
detected. Apoptosis decreased in SW480 but not in HT-29
cells. Conclusion: Lidocaine induces cell-cycle arrest in both
colon carcinoma cell lines in vitro. The effective drug
concentration can be obtained by local infiltration.

The perioperative period is believed to be a vulnerable
period for cancer dissemination and metastasis (1). Surgical
manipulation and perioperative impairment of the immune
defense is a fatal combination leading to a high risk for
cancer recurrence (2). By mechanical manipulation of tumor
tissue or traumatization of tumor vessels, cancer cells can
enter the circulation (3). Imbalance between pro- and anti-
angiogenetic factors and excessive secretion of growth

factors during wound healing can foster the growth of
micrometastases and disseminated cancer cells. Another
important aspect is the impairment of anticancer surveillance
by perioperative immunosuppression (4). Cell-mediated
immunity, the first-line anticancer defense mechanism, is
attenuated during the first days after surgery. A decreased
number of cytotoxic T-cells, T-helper cells and natural killer
(NK) cells are detected in the postoperative period. (5) In
recent years, it has been debated whether the use of any
specific anesthetic technique or the administration of specific
drug influences the oncologic outcome after surgery of
patients with cancer. (6) Several retrospective studies were
performed to investigate the effect of regional anesthesia on
cancer progression (7-10). The combination of general
anesthesia with epidural or paravertebral anesthesia was
associated with better oncological outcome in patients with
colon, breast, prostatic and ovarian cancer (7-10). 

Results of clinical studies indicate that in addition to
epidural infusion, intravenous lidocaine and even
intraperitoneal administration of local anesthetics are
effective in reducing the perioperative pain level (11-13). In
a meta-analysis, the intravenous application of lidocaine was
associated with lower pain scores at rest, movement and
cough, and reduced requirement for analgesic agents. In
addition, ileus recovery time and length of hospital stay
decreased (12). Especially in patients undergoing abdominal
surgery, perioperative lidocaine infusion demonstrated
advantages (11, 14). Perioperative instillation and continuous
postoperative infusion of intraperitoneal ropivacaine reduced
pain and opioid consumption after colectomy. Moreover,
early surgical recovery was improved (13). 

There is a great variability in human cancer. However,
there are some characteristics which the majority of solid
cancer types have in common (15). As tumor cell growth is
independent of external growth factors and cancer cells are
insensitive to inhibitory signals, cancer cell proliferation is
an unregulated process. Furthermore, cancer cells are
resistant to apoptotic cell death and are able to build up a
supportive environment by modulating the tumor stroma. 
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According to the consensus statement from the British
Journal of Anaesthesia Workshop on Cancer and Anesthesia,
further studies are warrant to evaluate the effect of different
anesthetic techniques, including intravenously applied
lidocaine, on cancer recurrence (6). For this reason, the aim
of this study was to investigate if clinically relevant
concentrations of lidocaine have anticancer potency. The
effects of lidocaine on cell proliferation, cell-cycle
progression and apoptosis rate of colon carcinoma cell lines
were investigated in vitro. 

Materials and Methods

Agent. Commercially available lidocaine (Sigma-Aldrich, St Gallen,
Switzerland) was used for this study. By dissolving lidocaine in
standard growth medium, a stock solution was prepared, final
concentrations were achieved by diluting with standard growth
medium. All solutions were prepared freshly prior to use. 

Cell lines. HT-29 and SW480 colon carcinoma cell lines were
purchased from the German Collection of Microorganisms and Cell
Culture (DSMZ). Standard growth medium (RPMI 1640; Pan
Biotech, Aidenbach, Germany) for SW480 and Dulbecco's modified
Eagle's medium for HT-29 contained 10% fetal calf serum (FCS)
and 2 mM L-glutamine supplemented with 5% penicillin plus
streptomycin (Sigma Aldrich, St. Louis, MO, USA). SW480 culture
medium additionally contained 2 mM sodium pyruvate (Sigma
Aldrich). Cells were maintained in monolayer culture and were
cultured in a humidified atmosphere with 5% CO2 at 37˚C.
Experiments were performed when cells reached ~80% confluence. 

Cell proliferation. For cell proliferation analysis, an enzyme-linked
immunosorbent assay (ELISA) (cell proliferation Elisa BrdU (5-
bromo-2-deoxyuridine), Roche Applied Science, Mannheim,
Germany) was applied. In brief, cells (3-5×103) were seeded in 96-
well plates (Costar, Bodenheim, Germany) and incubated overnight
to allow attachment. Cells were then incubated for 48 h with 0-1000
μM lidocaine and for 16 h with BrdU labeling solution. After fixing
the cells and denaturating DNA, cells were labeled with anti-BrdU-
peroxidase solution for 90 min. Cells were washed, incubated with
tetramethyl-benzidine substrate for 15 min and immune complexes
were detected by measuring the absorbance at 405 and 490 nm. All
tests were performed in duplicates, eight wells per treatment group
were used and tests were repeated at least twice. 

Cell-cycle analysis. Cell-cycle profiles were measured by cytometry
after incubation with lidocaine (10, 100 and 1,000 μM) or without
(control) for 24 h. Standard culture medium was used for negative
control, 5 mM acetylsalicylic acid was used for positive control.
Cells were harvested by standard trypsinization and washed twice
with cold phosphate-buffered saline (PBS)/5 mM EDTA. 106 cells
were fixed for 30 min with 100% ethanol at room temperature,
washed with PBS/5 mM EDTA and treated with 1 mg/ml RNase A.
After 30-min incubation at room temperature, cells were stained
with 100 μg/ml propidium iodide (PI) (Sigma-Aldrich). For each
sample, 104 cells were measured by flow cytometry using FACS
Calibur (BD, Heidelberg, Germany) and Cellquest™ Pro software
(Version 5.2;BD). All tests were repeated at least twice. 

Apoptosis analysis. Cells were seeded in T 12.5 cm2 cell culture
flasks (BD Falcon, Heidelberg, Germany). After 24 h attachment
time, cells were incubated with 0. 10. 100 and 1000 μM lidocaine
in standard growth medium for 3-48 h. Staurosporine at 1 μM
(Sigma-Aldrich) was used for positive control. Floating cells were
preserved by decanting the supernatant. Adherent cells were rinsed
with PBS (37˚C) (Sigma-Aldrich) and detached by standard
trypsinization. Fluorescein isothiocyanate (FITC) Annexin V
Apoptosis detection Kit (BD) was used according to the
manufacturer’s protocol. In brief, floating and harvested cells were
mixed, washed twice with cold PBS and resuspended in binding
buffer at a final density of 106 cells/ml. FITC Annexin (5 μl) and
PI (5 μl) were added to 100 μl of the cell suspension containing 105
cells. After gently mixing, the cell suspension was incubated in the
dark at room temperature for 15 min. Binding buffer (400 μl) was
added and cells were analyzed by flow cytometry using FACS
Calibur (BD Bioscience) and Cellquest™ Pro software (BD
Bioscience). All tests were performed in duplicates and repeated
twice. For data analysis, Fowjo 7.65 (Tree Star, Ashland, OR, USA)
was applied.

Statistical analysis. Results are expressed as the mean±SD. For
comparison between mean values, the non-parametric Mann–
Whitney U-test was used. Differences were considered statistically
significant at p<0.05. IBM SPSS Statistics (V 21; IBM, Armonk,
NY, USA) packages were employed for statistical analysis.

Results

Cell proliferation. In the HT-29 colon carcinoma cell line,
treatment with 1-1,000 μM lidocaine for 48 h did not
significantly affect the cell proliferation rate compared to the
untreated control. In the SW480 cell line, incubation with 
10 μM and 100 μM lidocaine caused a slight but statistically
significant increase in cell proliferation (Figure 1).

Cell-cycle analysis. Incubation with 1,000 μM lidocaine
for 24 h significantly increased the fraction of cells in the
G1 phase of the cell cycle in both cell lines.
Simultaneously the fraction of cells in S phase decreased
significantly compared to the untreated control. After
treatment with 10 μM and 100 μM lidocaine, no changes
in cell-cycle distribution were detected in either cell line
(Table I).

Apoptosis analysis by annexin staining. In SW480 colon
carcinoma cells, a decrease in apoptosis rate accompanied by
an increased number of vital cells was observed at all
concentrations after 3-24 h incubation time (Figure 2a). After
48 h, no difference in apoptosis rate was detected compared to
the untreated control. In HT-29 colon carcinoma cells,
treatment with 10-1000 μM lidocaine did not cause significant
changes in apoptotic cell fraction at any point of time (Figure
2b). The positive control staurosporine induced a significant
increase of apoptotic cells after 16, 24 and 48 h treatment in
both cancer cell lines.
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Discussion 

In this study, we show the induction of cell-cycle arrest by
1,000 μM lidocaine in two colon carcinoma cell lines.
However, no reduction of cell proliferation was found in
SW480 and HT-29 colon carcinoma cells. Martinsson and
colleagues showed no growth inhibition by lidocaine in HT-29
cancer cells grown in medium containing 10% FCS (16).
Lidocaine concentrations above 9 mM were needed to affect
cell viability in lymphoma cells (17) and the 50% effective
doses for growth inhibition in two thyroid cancer cell lines
were 6.8 mM and 7.3 mM (18). In human tongue cancer cells,
400 μM lidocaine reduced cell proliferation rate without
cytotoxic effects (19). At clinically relevant concentrations,
lidocaine and ropivacaine demethylated the DNA in breast
cancer cell lines while cell viability was not affected at these
concentrations (20). 

In our study, 10-1,000 μM lidocaine did not cause changes
in the apoptoic rate of the HT-29 colon carcinoma cell line,
while in SW480 cells, a decreased number of apoptoic cells
was detected after 3-24 h incubation. Lidocaine was shown to
induce apoptosis in neuroblastoma (17, 21), lymphoma (17,
22), thyroid (18) and breast cancer (23) cell lines. Evidence is
growing that the mitochondrial pathway plays a crucial role in
lidocaine-triggered apoptosis. Johnson et al. reported a
disruption of mitochondrial membrane potential and the release
of mitochondrial cytochrome c into the cytoplasm caused by
lidocaine in rat dorsal root ganglion cells (24). In human
thyroid cancer cells, similar effects were accompanied by an
increase in the apoptosis regulator BCL2-associated X/BCL2

ratio (18). Lack of caspase-9 or overexpression of the anti-
apoptotic protein BCL2 inhibited apoptosis induction by
lidocaine in human Jurkat T-lymphoma cells, while caspase-8
deficiency did not affect the apoptosis rate (22). 

These studies were conducted with the aim of
investigating the risk of cell damage after spinal anesthesia
or local lidocaine infiltration. For this reason, concentrations
of lidocaine ranging from 3 mM up to 185 mM were used,
which are comparable to 1-5% lidocaine (18, 24). Exposure
to lidocaine ranged from 10 min (24) to 48 h (17, 18). 

For perioperative pain therapy in patients undergoing
abdominal surgery, lidocaine can be administered via
epidural, intravenous or intraperitoneal injection. With a
plasma concentration ranging between 1 and 5 μg/ml (≈3.5-
17.3 μM), lidocaine levels are comparable after epidural,
intravenous or intraperitoneal application (25-28). 

In the present study, cell-cycle arrest was detected after
treatment with 1,000 μM lidocaine. This concentration is far
above the clinically relevant plasma concentration after
epidural, intravenous or intraperitoneal application. However,
this concentration can be achieved by local injection. 

In conclusion, lidocaine caused cell-cycle arrest in HT-29
and SW480 colon carcinoma cell lines in vitro. The effective
drug concentration is achievable by local infiltration, but not
by epidural or intravenous application. Lidocaine is clinically
used as an adjuvant agent in perioperative pain therapy.
Further studies are needed to investigate whether this pain
therapy regime bears the risk of cancer progression or even
exerts anticancer potency in some tumor entities. 
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Figure 1. Effect of lidocaine on cell proliferation of HT-29 and SW480
colon carcinoma cell lines. Proliferation was detected by 5-bromo-2-
deoxyuridine (BrdU) uptake after 48 h incubation with lidocaine.
*Statistically significantly different at p<0.05 compared to the untreated
control. Data are the mean±SD.

Table I. Effect of lidocaine on cell-cycle distribution. Cell-cycle
distribution in SW480 and HT-29 colon cancer cell lines after treatment
with 10, 100 and 1000 μM lidocaine for 24 h. The cell-cycle distribution
was analyzed flow cytometrically after staining with propidium iodide.
*Statistically significantly different at p<0.05 compared to the untreated
control. Data are the mean±SD.

                                                                 Phase (% of total cells)

Cell line         Treatment                    G1                    S                   G2

SW480             Control                52.2±4.85      31.85±2.88    10.26±0.87
                10 μM Lidocaine        51.6±3.21      32.28±3.11    10.82±0.91
               100 μM Lidocaine      51.27±5.03     32.28±3.13    11.15±0.94
              1000 μM Lidocaine     63.3±4.09*    20.97±1.58*   11.00±1.53
HT-29               Control               39.77±3.92     37.05±3.18    12.05±1.88
                10 μM Lidocaine       43.07±5.08      34.7±4.59     12.97±1.22
               100 μM Lidocaine      44.15±5.98     33.07±4.58     13.8±1.57
              1000 μM Lidocaine    49.82±2.39*   30.07±2.43*   11.90±1.26
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Figure 2. Effect of lodicaine (Lido) on apoptosis: Apoptosis analysis in SW480 (a) and HT-29 (b) colon carcinoma cell lines. After treatment with
10, 100 or 1000 μM lidocaine for 3-48 h, cells were stained with annexin V and propidium iodide. *Statistically significantly different at p<0.05
compared to the untreated control. Data are the mean±SD.
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