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Abstract

Introduction: Although ropivacaine and fentanyl are commonly administered
intra-articularly after knee or shoulder arthroscopy for postoperative pain con-
trol, there are no studies investigating the toxicity of ropivacaine and fentanyl
on human fibroblasts (hF).

Material and methods: Human fibroblasts were seeded in monolayer triple flasks
at a density of 104 cells/cm2 and plated into 96 plates at a density of 5000 cells
per well. After fully aspirating the culture medium 200 pl of ropivacaine or fen-
tanyl in its corresponding concentration or culture medium only was added to
each well. After 30 min ropivacaine or fentanyl was removed and fresh culture
medium was added. Fibroblast mitochondrial activity and apoptosis marker lev-
el were evaluated after 1 h, 24 h and 7 days.

Results: We found a significant decrease in mitochondrial activity after 7 days
when exposed to 0.5% ropivacaine. Mitochondrial activity after 1 h, 24 h and
7 days was significantly decreased when fibroblasts were exposed to 0.05% fen-
tanyl. Also, a significant decrease in mitochondrial activity was observed 1 h
after exposure to 0.025% fentanyl. Cell viability remained unchanged at any
other point in time. A significant increase of caspase-3, as a marker of apopto-
sis, was only present after exposure to 0.5% ropivacaine after 7 days.
Conclusions: These data suggest that both drugs have a concentration-depen-
dent effect on mitochondrial activity in hF in vitro. This effect is more pronounced
with fentanyl. Because the cytotoxicity of fentanyl, without the anticipated
increase of caspase-3 as an apoptosis marker, remains unclear, we cannot sup-
port fentanyl as an alternative to ropivacaine.
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Introduction

Postoperative pain management following knee or shoulder arthroscopy
can be a challenge. Intra-articular injection of local anaesthetics is regu-
larly used to enhance postoperative analgesia following arthroscopy and
has been shown to offer effective and safe postoperative pain relief [1-3].
At the present time, bupivacaine is probably the best studied and most
commonly used local anaesthetic for this purpose [4]. However, several
recent studies have demonstrated that even a brief exposure to bupiva-
caine may result in chondrotoxicity [3, 5-8] leading to chondrolysis [7, 8],
a devastating condition of rapid chondrocyte death over a short period of
time which ultimately leads to cartilage damage and progressive joint
degeneration.
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Promising alternatives to amide-type local anaes-
thetics are opioids such as morphine or fentanyl.
As demonstrated in several studies, endogenous as
well as exogenous opioid agonists have peripheral
antinociceptive effects in inflamed tissue by inter-
acting with «, 8 and my receptors and have fur-
thermore been used for intra-articular analgesia
with favourable outcomes [9-14].

Previous studies focused on the impact of local
anaesthetics on chondrocytes. Since fibroblasts play
a crucial role in tissue healing and might be ag-
grieved by the injected analgesic agent, we were
interested in the effects on human fibroblasts. Only
a few studies exist evaluating the effects of local
anaesthetics [1, 15] on fibroblasts using analgesic
concentrations as applied in clinical settings. Until
now there are no studies focusing on the effects of
opioids on human fibroblasts. We chose to investi-
gate the viability of human fibroblasts after expo-
sure to ropivacaine, being the less toxic local anaes-
thetic of the amide group [3], and fentanyl.

The purpose of this study was to investigate pos-
sible cytotoxic effects of ropivacaine and fentanyl
on human fibroblasts in vitro.

Material and methods
Drug exposure and proliferation of fibroblasts

Human fibroblasts (Provitro, Berlin, Germany)
were seeded in monolayer triple flasks at a densi-
ty of 10% cells/cm? in Dulbecco’s modified Eagle’s
medium (DMEM; Invitrogen, Carlsbad, CA, USA)
containing 10% fetal calf serum (PAA, Pasching, Aus-
tria) and 50 U/ml penicillin/streptomycin (Sigma-
Aldrich, Germany). Twenty-four hours before exper-
imental treatment, cells were visually checked
under phase microscopy to ensure a proper cell
morphology consistent with differentiated fibrob-
lasts. Cells were then replated into 96-well plates
at a density of 5000 cells per well.

Cell cultures were divided into subgroups, each
subgroup consisting of 6 wells with 5000 cells per
well: 0.5%, 0.25%, 0.125% ropivacaine, 0.05%,
0.025% and 0.0125% fentanyl. A DMEM-only (10%
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fetal calf serum (PAA, Pasching, Austria) and 50 U/
ml penicillin/streptomycin (Sigma-Aldrich, Ger-
many)) group served as a control (Table I). This pro-
tocol was similar to the one described by Piper et
al. [3]. In short, culture medium (DMEM) was fully
aspirated; 200 pl of ropivacaine or fentanyl in its
corresponding concentration or DMEM only (con-
trol group) was added to each well. Cells were incu-
bated in 5% CO, at 37°C for 30 min. After 30 min
the treatment solution (ropivacaine or fentanyl) was
removed and fresh culture medium was added. The
same protocol was applied to all samples.
Samples were returned to the incubator and
mitochondrial activity was evaluated after 1 h,
24 h and 7 days using a WST-1 assay [16] (Cell Pro-
liferation Reagent WST-1, Roche, Germany). Medi-
um was replaced with DMEM with 10% WST-1
agent. Samples were returned to the incubator for
another 2.5 h. The WST-1 assay is a colorimetric test
based on cleavage of the tetrazolium salt WST-1 by
mitochondrial dehydrogenases in viable cells into
orange formazan. The level of orange formazan pro-
duced increases when mitochondrial activity
increases and can be quantified using an Elisa-
Reader (MWG-Biotech, Ebersherg, Germany) at
450 nm, with a reference wavelength at 690 nm.

Gene expression of apoptosis-specific proteins

In a LightCycler (Roche Applied Science, Mann-
heim, Germany) the following primers were used:
glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH): sense: 5°-TGC ACC ACC AAC TGC TTA GC-37;
antisense: 5°-GGC ATG GAC TGT GGT CAT GAG-3"
[17]. The primers for the apoptosis-specific pro-
teins, caspase-3 and PARP-1, were purchased from
Search-LC (Heidelberg, Germany); the sequences
were not provided by the company. Total RNA was
directly isolated from fresh fibroblasts using the
RNeasy Mini Kit (Qiagen, Hilden, Germany). For
cDNA synthesis, 1 ug of total RNA was reverse-tran-
scribed using the Transcriptor High Fidelity cDNA
Synthesis Kit (Roche Applied Science). Amplifica-
tion reactions were performed using a LightCycler

Table I. Study set-up. At each point of time and for each dilution we had 6 x 5000 cells

Drug Dilution [%] Point of time
1h 24 h 7 days
Ropivacaine 0.5 6 x 5000 cells 6 x 5000 cells 6 x 5000 cells
0.25 6 x 5000 cells 6 x 5000 cells 6 x 5000 cells
0.125 6 x 5000 cells 6 x 5000 cells 6 x 5000 cells
Fentanyl 0.05 6 x 5000 cells 6 x 5000 cells 6 x 5000 cells
0.025 6 x 5000 cells 6 x 5000 cells 6 x 5000 cells
0.0125 6 x 5000 cells 6 x 5000 cells 6 x 5000 cells
DMEM 6 x 5000 cells 6 x 5000 cells 6 x 5000 cells
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Figure 1. Bar chart with standard deviation showing
a time and concentration-dependent effect on
human fibroblast mitochondrial activity after 30-
minute exposure to ropivacaine. A significant differ-
ence in mitochondrial activity was only detectable
after 7 days in the 0.5% ropivacaine group
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Figure 2. Bar chart with standard deviation showing
a time and concentration-dependent effect on
human fibroblast mitochondrial activity after 30-
minute exposure to fentanyl. A significant difference
in mitochondrial activity was detectable after 1 h,
24 h and 7 days in the 0.05% group and after 1 hour
in the 0.025% group (*p < 0.05 vs. DMEM-only)
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Figure 3. Bar chart with standard deviation demon-
strating significant elevation of caspase-3 after
7 days when human fibroblasts were exposed to
0.5% ropivacaine for 30 min

FastStart DNA Master SYBR Green | Kit (Roche
Applied Science). One pl of the 1/10 diluted sample
was used for the quantitative two-step PCR. The fol-
lowing protocols were used: GAPDH and caspase-
3 (a 10-min step at 95°C, followed by 40 cycles of
60 s at 60°C and 15 s at 72°C); and PARP-1 (a 10-
min step at 94°C, followed by 40 cycles of 60 s at
60°C and 10 s at 72°C). Reactions were performed
twice and relative quantification of the target gene
expression was generated normalizing to GAPDH.

Statistical analysis

For statistical comparison of cell viability and
apoptosis marker, data were analysed by one-way
analysis of variance (ANOVA) followed by Bonfer-
roni t-test (Prism, GraphPad Software Inc, San
Diego, California). A probability of p < 0.05 was con-
sidered statistically significant.

Results
Mitochondrial activity

Mitochondrial activity of fibroblasts after 30-mi-
nute exposure to 0.5% ropivacaine was significantly
(p < 0.001) decreased after 7 days when compared
with the control group (Figure 1). There was no aber-
ration at earlier times and mitochondrial activity of
human fibroblasts after exposure to 0.25% and
0.125% ropivacaine was similar to that of the
DMEM-only control group for 60 min, 24 h and
7 days (p > 0.05). As shown in Figure 2, exposure of
0.05% fentanyl to human fibroblasts induced a sig-
nificant (p < 0.001) decrease of mitochondrial activ-
ity at each tested time point (1 h, 24 h, 7 days). In
addition, activity in the 0.025% fentanyl group was
significantly lower when compared to the control
group after 1 h.

Apoptosis rate

To assess the induction of apoptosis, the levels
of caspase-3 and PARP-1 were evaluated at each
point of time (1 h, 24 h, 7 days). A significantly (p <
0.05) higher level of caspase-3 was only found in
fibroblasts 7 days after treatment with 0.5% ropi-
vacaine (Figure 3). The level of PARP-1 at that
moment was not significantly different from the
control group. There were no significant differences
in apoptosis marker levels in any of the groups
treated with fentanyl.

Discussion

Postoperative pain management following knee
or shoulder arthroscopy can be a challenge of its
own. Intra-articular injection of local anaesthetics
is regularly used to enhance postoperative analge-
sia following arthroscopy and has been shown to
offer effective and safe postoperative pain relief
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[1-3]. However, several studies and case reports have
described cytotoxic effects of local anaesthetics on
chondrocytes [3, 5, 7, 18]. Previous studies focused
on the impact of local anaesthetics on chondrocytes
although fibroblasts play a crucial role in tissue heal-
ing and might be aggrieved by the injected anal-
gesic agent as well. This study was conducted
because only sparse data exist on the effect of ropi-
vacaine on human fibroblasts [1, 15] and until now
no data exist on the effect of fentanyl on human
fibroblasts.

As a natural part of the process of tissue regen-
eration, fibroblasts play an important role in the pro-
liferative phase as they migrate from normal tissue
into the wound area to represent the most com-
mon cells of connective tissue. In addition to chon-
droblasts and osteoblasts, they are the primary
producers of collagen. Fibroblasts furthermore syn-
thesize the ground substance of the extracellular
matrix in which the cells of the connective tissue
and the different types of fibres are embedded and
express adhesion molecules and fibroblastic mark-
ers, and secrete growth factors and cytokines [19].
Due to the crucial role of fibroblasts in the complex
process of tissue healing, we were interested if and
how these cells are affected by drugs that are com-
monly used for intra-articular analgesia since the
main focus in previous studies were chondrocytes.

We chose ropivacaine as an amide-type local
anaesthetic because it has been shown to be as
effective as bupivacaine but less toxic and further-
more is widely used in musculoskeletal medicine [,
3, 20]. Fentanyl on the other hand has been used
for intra-articular analgesia with favourable out-
comes [9, 10, 12] but toxicity to fibroblasts has nev-
er been investigated.

The most important finding of the present study
was that both drugs have a detrimental effect on
human fibroblasts, depending on the time and con-
centration. This effect was more distinct in fentanyl.

We chose to determine fibroblast viability by
quantifying mitochondrial activity [21, 22]. Fur-
thermore, we evaluated the expression of apop-
tosis markers such as caspase-3 and Parp-1 to
elucidate drug-induced initiation or execution of
apoptosis [21].

In our experiment, we noted a significant (p <
0.001) decrease of mitochondrial activity 7 days
after exposure to 0.5% ropivacaine when compared
to the control group. Previous studies have found
a concentration-dependent adverse effect of ropi-
vacaine on mitochondrial activity and cell prolifer-
ation in human fibroblasts [1, 23]. At the same point
of time, we found a significant increase of caspase-
3 as a marker of apoptosis in this same group. Fed-
der et al. [1] were able to demonstrate the same
increase in caspase-3 3 days after exposure to ropi-
vacaine.
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On the other hand, fibroblast mitochondrial
activity was already significantly (p < 0.001) de-
creased when exposed to 0.05% fentanyl after 1 h.
This effect was also measurable after 24 h and
7 days. Furthermore, we also noted a significant
(p < 0.001) decrease of mitochondrial activity 1 h
after exposure to 0.025% fentanyl. Since apoptosis
markers were not increased at any time, one might
assume that fentanyl has a quick but not very pow-
erful effect on human fibroblasts, not leading to
apoptosis. This hypothesis can be supported by
Haasters et al. [24], who did not find a significant
difference in apoptosis markers after exposing ham-
string-derived progenitor cells to ropivacaine when
compared with a control group. But on the other
hand, the hypothesis can be dismissed by some
studies that postulate caspase-independent mech-
anisms of cell death due to changes in intracellu-
lar CaZ* dysregulation [25-28].

Either way, the results of the present study
demonstrated that 30-minute exposure to 0.5%
ropivacaine in vitro causes a decrease of fibroblast
mitochondrial activity and an increase of caspase-
3 in the highest concentration after 7 days where-
as fentanyl in any concentration decreases mito-
chondrial activity right away.

However, there are some limitations of the pres-
ent study. First of all, this in vitro model cannot rep-
resent postoperative intra-articular conditions such
as postoperative bleeding, active blood supply, cell
metabolic activities or the amount of synovial flu-
id. Furthermore, because it is an in vitro model, the
observations cannot necessarily be applied direct-
ly in vivo. Nevertheless, the standardized in vitro
setup provided highly reproducible results in terms
of substance-specific effects on cell viability, meta-
bolic activity, and induction of apoptosis. The con-
sequences of intra-articular application of ropiva-
caine and fentanyl on fibroblasts require further
investigation. Further studies have to evaluate these
effects probably even closer to the cell membrane.
One option is to determine the expression of
inducible nitric oxide synthase (iNOS), which begins
to synthesize a great quantity of nitrogen oxide
shortly after induction. Overproduction of nitric oxy-
gen, a free radical, damages cellular components,
including lipids, which results in declining physio-
logical function and cell death [29, 30]. In addition,
the results of our study should be clarified in an
animal model.

In conclusion, these data suggest that both
drugs do have a concentration-dependent effect on
mitochondrial activity in human fibroblasts in vitro
in varying degrees. Because of the immediate
effects of fentanyl on mitochondrial activity but
without the anticipated increase of caspase-3 as
an apoptosis marker, the toxicity remains unclear.
Therefore, we cannot support fentanyl as an alter-
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native to ropivacaine. Further studies will still have
to prove the benefit of opioids in intra-articular
analgesia
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