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Abstract

Infiltration of surgical wounds with long-acting local anaesthetics (LA) is used to
reduce postoperative incisional pain. We hypothesised that infiltration with LA inter-
feres with wound healing in rats. Seventy-two rats were allocated into nine groups.
After intraperitoneal anaesthesia, the interscapular dorsal region was infiltrated with
equivolumes of saline, 0·5% bupivacaine or ropivacaine, in a randomised double-blind
fashion. A standardised incision was performed in the infiltrated area and sutured
closed. The rats were euthanised on the 3rd or 14th day after the operation and tissue
from the incision site was subjected to histochemical analyses and mechanical testing
(MT). Compared with the control group, bupivacaine displayed a significant increase
in the macrophage number on day 3 (+63% versus +27% for ropivacaine). The trans-
forming growth factor β-1 expression had a significant increase in the LA (versus
saline) groups, +63% in ropivacaine group and +115% in bupivacaine group on day
3 (P < 0·05). The collagen fibres as measured by dyed area were significantly higher
in the bupivacaine group on day 3 (+56%, P < 0·01 versus +15% for ropivacaine).
CD34 was reduced in bupivacaine group (−51%, P < 0·05 versus +3% for ropiva-
caine). On day 14, no statistical differences were observed in either LA group (versus
saline) with respect to histopathologic or inflammatory mediators. MT on day 14
showed no differences between the LA and saline groups. The LA-induced increases
in histological markers did not extend beyond the third day, suggesting that wound
infiltration with long-acting LA does not impair the wound healing process in rats.

Introduction

Infiltration of the surgical incision site with long-acting
local anaesthetics (LA) at the end of an operation is a
common clinical practice to reduce incisional pain. Despite
their widespread use, concerns have been raised regarding
the potential adverse effects of long-acting LA on wound
healing (1). When skin is injured by a surgical incision,
platelets release numerous chemotactic factors, including the
transforming growth factor β-1 (TGF-β1). This growth factor
is responsible for accumulation of leucocytes at the site

Key Messages

• local anaesthetic infiltration of surgical wounds to
reduce postoperative pain has become a standard prac-
tice throughout the world

• local anaesthetics can produce both analgesic and anti-
inflammatory effects at the incision site

• controversy exists as to whether local anaesthetics
can interfere with the wound healing process when
infiltrated at incision sites
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• no placebo-controlled studies in either animals or human
have been performed to investigate the immunohisto-
chemical effect and/or tensile strength of a surgical
incision when a small volume of local anaesthetic was
infused at incision site

of injury, thereby initiating the inflammation phase. TGF-
β1 is involved in all stages of wound healing (2). The
recruitment of inflammatory cells into the wound site appears
to play an important role in the quality of the wound-healing
response (3).

Tissue injury can also induce a cascade of inflammatory
cytokines and the resultant peripheral and central nervous
system (CNS) sensitisation can lead to postoperative hyperal-
gesia (4). When long-acting LA are injected at incision sites
for postoperative pain management, they have been reported
to reduce the stimulation produced by cytokines and minimise
hyperalgesia (5). Although some studies suggest that LA have
anti-inflammatory effects (6), other reports suggest the oppo-
site effect (1,7). Wound healing is a biological process and a
logical sequence of phases has been demonstrated in animal
models (8,9).

The pharmacokinetic and dynamic profiles of bupivacaine
and ropivacaine are similar in both animals and humans (8,9).
Despite they possessing comparable analgesic profiles (10),
animal studies have suggested that bupivacaine and ropiva-
caine may differ with respect to both CNS and cardiotoxi-
city (11). Although opioid analgesics have been reported to
increase collagen synthesis and wound tensile strength (12),
little is known regarding the influence of these two long-acting
LA on the mechanical properties of wound healing.

Using a rodent model, we designed a randomised, double-
blind placebo-controlled study to evaluate the inflammatory
and wound healing processes when the incision site was infil-
trated with long-acting LA. We hypothesised that subcuta-
neous administration of these long-acting LA (versus saline)
would interfere with the wound healing process, resulting in
reduced tensile strength at the incision site at 2 weeks after
surgery.

Materials and methods

Study animals

Seventy-two male Wistar rats, weighing approximately 200
gm each, were housed in separate cages in a temperature-
controlled room (24◦C ± 1◦C) and maintained on a 12h:12h
light–dark cycle with a relative humidity of 60–70% at
the Ribeirão Preto School of Medicine. The rats were pro-
vided with the same diet, a regular rodent chow (57·3%
carbohydrate, 41·2% as starch, Labina; Purina�, São Paulo,
Brazil) (13) and tap water on an ad libitum basis. The ani-
mals were maintained in agreement with the guidelines of the
Committee on Care and Uses of Laboratory Animals of the
National Research Council of the N.I.H. (USA) and the study
was approved by the local Commission of Ethics in Animal
Research (Protocol #039/2010).

Experimental design

A total of nine groups of rats (each with an n = 8) received
equivolumes of 0·9% saline (S), plain 0·5% bupivacaine
(B) or plain 0·5% ropivacaine (R) at a standardised 1·5 cm
long incision. Three groups were euthanised on the third day
(S3, B3 and R3), and three groups on the 14th day (S14, B14
and R14) after the operation for the histological and inflam-
matory mediator assays (Figure 1). In addition, mechanical
testing (MT) was performed on three additional groups of
rats (Smt, Bmt and Rmt) on the 14th day after the incision.

All animals were anaesthetised with an intraperitoneal
injection of ketamine (40 mg/kg) and xylazine (10 mg/kg).
After shaving the skin and applying povidone-iodine (PVP-
iodine), the subcutaneous interscapular dorsal region of the
animals was infiltrated with 1 ml of the ‘blinded’ study med-
ication containing saline (S), bupivacaine (B) or ropivacaine
(R) according to a computer-generated randomisation table. In
order to ensure proper binding, tissue samples were identified
by a number and lettering system which avoided any refer-
ence to the specific treatment group. All study groups were
blinded until after the statistical analysis had been completed.

A transversal cutaneous incision interscapular (1-cm length)
was performed using a surgical blade #15, deep enough
to reach the dorsal muscle aponeurosis (2 mm) in the area
that the study medication was injected. Sterile black non-
absorbable surgical sutures composed of inorganic protein,
3–0 polyester/cotton (Ethicon Inc., San Angelo, TX) was
used to close the incision. The whole surgical procedure
required approximately 10 minutes. Supplemental oxygen was
administered by a mask until the rats were awake.

The animals were euthanised (using Carbon dioxide
asphyxiation) on the 3rd or 14th day after the operation.
For the histological essaying, the skin containing the inci-
sion site was removed (1 cm2) and fixed in 10% buffered
paraformaldehyde.

Mechanical testing

For the mechanical tests, the animals were euthanised on the
14th day in the biomechanical laboratory and the fresh skin
flap containing the original incision was immediately placed in
the device used for tensile strength measurements (Figure 1).
The specific treatment group (e.g. control [saline], bupiva-
caine, or ropivacaine) was blinded to the investigators at all
times during the evaluation periods. The mechanical traction
testing was performed using a Universal Testing Machine
(EMIC�, DL10000, São José dos Pinhais, PR, Brazil) work-
ing with a load cell capacity of either 500 or 10 000 N. The
tissue strip was placed on a support and a traction load was
vertically applied to the tip of the tissue at a rate of 2 mm/min.
Data were processed by software that computed the ultimate
load, deformation, stiffness and maximum tension.

Histological analysis

Tissue paraffin-embedded 5-μm-thick sections were stained
with haematoxylin–eosin (HE) for general analysis, Verhoeff
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Figure 1 Mechanical testing machine with the graphs obtained from each animal (A); with the skin attached (B); skin before the rupture (C) and
breakpoint of skin at the end of the mechanical test (D). mt, mechanical testing; S, saline; B, bupivacaine; R, ropivacaine.

for elastin fibres and Picrosirius red (PSR) for collagen
fibres. Images for the tissue sections were examined using
a microscopic system (Leica, Microsystems GmbH, Wetzlar
Germany), recorded by a video camera (Leica Microsystems
Ltd, Heebrugg, Switzerland) and registered in a computer.
For the quantification of the area occupied by collagen and
elastic fibres (i.e. the morphometric analyses), the images were
assessed by a blinded investigator using Leica Qwin software
(Leica Microsystems Image Solutions, Cambridge, UK).

Areas of elastin and collagen in the skin were determined
by optical density in 20 randomly chosen non-coincident fields
at a magnification of 400×, giving a total area of 0·5 mm2.
The elastic and collagen fibres had particular coloration, and
their occupied areas could be measured by the microscope
software system and expressed as percentages. Inflammatory
cells and neovessels were scored by immunohistochemistry
technique and counted in 20 randomly chosen non-coincident
microscope fields. The magnification used was 400×, in a
total area of 0·5 mm2 and the mean values were calculated as
cells or vessels/area (mm2).

The antibodies used for immunohistochemical study were
CD68 (clone ED-1, 1/100, Serotec� Ltd, Oxford, UK) for the
macrophage study; COX-2 (clone 4H12, 1:200, Novocastra�,
Newcastle upon Tyne, UK) for the inflammatory response;
CD34 (clone QBEnd/10, 1:100, Novocastra�) and the VEGF
(clone SC-152, 1:100, Santa Cruz Biotechnology�, Inc, Santa
Cruz, CA) for the neovascularisation and the TGF-β1 (clone
TGFB17, 1:100, Novocastra�) was used to evaluate the
fibroblast proliferation (14).

Statistical analyses

Considering earlier wound healing studies in the rat model
(15–17) and assuming a statistical power of 0·90 and a

significance criterion of 0·05, for a two-tailed statistical
analysis, the minimum group sizes were >5 (18). Eight
animals were analysed in each group. For each lamina chosen
for histological study, 20 randomly selected, non-coincident
fields were chosen, for a minimum total of 100. All the
data were expressed as mean values ± SD. The comparisons
between the groups were made by one-way analysis of
variance and post hoc Newman–Keuls’ test for multiple
comparisons. The level of significance was set at 5% (P <

0·05). The software used was the GraphPad Prism software
version 4·0 (GraphPad Software Inc., San Diego, CA).

Results

On the 3rd and 14th days after the operations, neither
ropivacaine nor bupivacaine was associated with significant
changes in elastic fibres concentration, VEGF or COX-2
expression (Table 1). Similarly, the tissue MT properties (i.e.
ultimate load, deformation, stiffness and maximum tension)
were not different between the local anaesthetic and saline
groups on the 14th postoperative day (POD; Table 2). One of
the rats in the bupivacaine group (Bmt) was excluded from
the final analysis because the surgical area had been scratched.

On third POD, the collagen concentration was increased in
the B3 group compared with the S3 (+56%; P < 0·01) and
the R3 (+36%; P < 0·05) groups (Figure 2). TGF-β1-positive
cell infiltration in the wound site was significantly increased in
R3 (+63%) and in B3 (+115%) groups compared with the S3
group (Figure 3). Macrophage number (CD68) was increased
+63% (P < 0·05) in the B3 group and +27% (P > 0·05)
in the R3 group compared with the S3 group (Figure 4). A
significant reduction of CD34+ cells infiltrating in the wound
site in the B3 group (−51%) was observed compared with
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Table 1 Histological and immunohistochemical analysis on the 3rd and 14th postoperative days∗

Postoperative day #3 Postoperative day #14

Elastic fibres/area % COX-2 Li VEGF-Li Elastic fibres/area % COX-2 Li VEGF-Li

Saline 11·0 ± 3·0 2·2 ± 0·8 0·43 ± 0·24 10·0 ± 4·7 2·0 ± 0·59 0·64 ± 0·27
Ropivacaine 12·1 ± 2·5 2·4 ± 0·6 0·4 ± 0·22 11·7 ± 0·72 2·0 ± 0·54 0·88 ± 0·22
Bupivacaine 9·5 ± 2·0 1·9 ± 0·4 0·65 ± 0·25 11·4 ± 1·3 1·2 ± 0·3 0·59 ± 0·28

∗There were no statistical differences among the three different treatment groups (mean values ± SD).

Table 2 Mechanical testing for the three treatment groups on the 14th postoperative day∗

Ultimate load (N) Deformation (mm) Stiffness (N/mm) Maximum tension (PA)

Saline 4·93 ± 1·06 8·25 ± 1·39 0·49 ± 0·061 637 265 ± 142 957
Ropivacaine 3·89 ± 0·77 6·96 ± 1·33 0·44 ± 0·060 562 308 ± 146 010
Bupivacaine 4·21 ± 0·51 6·94 ± 0·59 0·47 ± 0·65 524 019 ± 105 406

∗There were no statistically significant differences among the three treatment groups (mean values ±SD).

Figure 2 Collagen concentration expressed on the 3rd day (S3, R3 and
B3) and 14th day (S14, R14 and B14) in the S, saline; B, bupivacaine; R,
ropivacaine groups. *P < 0·05, ∗∗P < 0·01 and ∗∗∗P < 0·001. The lines
represent the mean values ± SEM for the three treatment groups and
the individual data points are represented by dots above and below the
mean value.

the S3 and the R3 (−53%) groups (P < 0·05 and <0·01,
respectively; Figure 5).

On the 14th POD, the collagen concentration in both
groups (R14 and B14) was not significantly different from
saline group, although there was an increase in B14 group,
when compared with R14 group (+23%, P < 0·01). All the
other parameters analyzed on the 14th POD were unaltered
by either bupivacaine or ropivacaine compared to saline
(Figure 3).

Discussion

Using a rat model of surgical wound healing, we were unable
to find any deleterious effects at the incision site with respect
to changes in histochemical markers and mechanical (strength)
testing of the tissue associated with infiltration of the surgical

Figure 3 TGF-β1 expression on 3rd day (S3, R3 and B3) and 14th day
(S14, R14 and B14) with S, saline; B, bupivacaine and R, ropivacaine.
∗P < 0·05, ∗∗P < 0·01 and ∗∗∗P < 0·001. The lines represent the mean
values ± SEM for the three treatment groups and the individual data
points are represented by dots above and below the mean value.

incision using a long-acting LA. Fibroblasts have an impor-
tant role in the wound healing process (19). The myofibroblast
differentiation process is regulated by a complex repertoire
of profibrotic and antifibrotic cytokines, including the trans-
forming growth factor isoform TGF-β1 (20). We observed
that the increase in the collagen concentration was directly
proportional to TGF-β1-positive cell infiltrating in the wound
site. Collagen type I is the most abundant structural protein
in skin, and it directly influences tissue mechanical behaviour
(21). During the first 14 days of the repair process, the wound
tensile strength is directly proportional to the amount of colla-
gen deposited (22). On the basis of this finding, we performed
MT of wound strength on the 14th POD to evaluate the influ-
ence of bupivacaine and ropivacaine on the wound healing
process.

The traction resistance at the surgical incision site is
reported as the maximum tensile strength. The wound tensile
strength is related to the collagen deposition and the maximum
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Figure 4 CD68 expression on day 3 (S3, R3 and B3) and day 14 (S14,
R14 and B14); (S,R,B) saline, bupivacaine and ropivacaine. ∗P < 0·05.
The lines represent the mean values ± SEM for the three treatment
groups and the individual data points are represented by dots above and
below the mean value.

Figure 5 CD34 expression on day 3 (S3, R3 and B3) and day 14 (S14,
R14 and B14); (S,R,B) saline, bupivacaine and ropivacaine. ∗P < 0·05,
∗∗P < 0·01 and ∗∗∗P < 0·001. The lines represent the mean values ±
SEM for the three treatment groups and the individual data points are
represented by dots above and below the mean value.

extension is related to the elastic fibre content (23). In our
study, we found that neither of the two long-acting LA
altered the amount of elastic fibre at the incision site as a
result elasticity (deformation) compared with saline (control)
group. The greater initial increase in collagen triggered by the
increase in TGF-β1 in the bupivacaine group on POD 3 did
not alter any of the mechanical parameters evaluated on POD
14 (e.g. ultimate load, deformation, stiffness and maximum
tension). These data suggest that wound infiltration with
these long-acting LA should not adversely affect the tissue
mechanical properties of the surgical wound during the healing
process. Of interest, Chang et al. (12) demonstrated that high-
doses of systemic morphine enhanced TGF-β1 expression, and
the opioid analgesic increased the collagen deposition in the
subcutaneous tissue, increasing wound tensile strength.

Wound inflammation also plays an important role in the
development of new tissue (24). Inflammation causes the
induction of cyclooxygenase-2 (COX-2), which sensitise
peripheral nociceptor terminals and can lead to localised
hypersensitivity to pain. Although LA have been reported
to produce anti-inflammatory actions (6), pro-inflammatory
cytokines secreted by macrophages can exert inflammatory
effects on surrounding cells and tissues (7). At the incision
site, monocytes are recruited by the local tissue trauma and
differentiate into macrophages. The macrophages play a cen-
tral role in all stages of wound healing process. The specific
laboratory marker used to quantify the macrophage number
is CD68. The presence of growth factors, like TGF-β, is
important for the production of fibroblasts (and keratinocytes).
Fibroblasts are responsible for collagen fibres production,
another essential factor in the wound repair process. Finally,
new vessel formation (angiogenesis) is essential to bring nutri-
ents and oxygen for new tissue formation and the overall
success of the entire wound reparative process. The CD34+
cell count is an early marker of vasculogenesis, and VGEF is
the growth factor that is used to evaluate the overall pro-
cess of vasculogenesis (25,26). The activation response of
macrophages following phagocytosis is varied depending on
the extracellular environment (8,9). In the current study, the
extracellular environment was apparently stimulated by both
bupivacaine and ropivacaine. However, the increase in the
macrophages number on POD #3 in the bupivacaine group
(and to a lesser extent in the ropivacaine group) may have
counteracted any anti-inflammatory action of these two LA.

The inflammatory process has direct effects on normal and
abnormal wound healing and in the balance of cytokines,
like transforming growth factor-β (TGF-β) and prostaglandin
E2 (PGE2) (27). The administration of IL-1 receptor antag-
onist (100 mg/kg ANAK) within the perioperative period
could decrease postsurgical wound pain in a murine inci-
sional wound model (28). Deegan et al. (29), studied 11
cytokines and 3 matrix metalloproteinase (MMP) in patients
who have undergone breast surgery with and without thoracic
paravertebral block and found no difference between the two
groups with respect to 10 of the 14 inflammatory molecules
they evaluated. Patients who received paravertebral analge-
sia exhibited decreases in IL-1β, MMP-3 and MMP-9, and
a significant increase in IL-10, an important inhibitor of the
pro-inflammatory cytokines IL-1, IL-6, IL-8, TNF and MMPs
(29).

While LA block the conduction of nociceptive input, the
induction of cytokines is not necessarily inhibited. Bupiva-
caine has a pro-inflammatory effect, and has been associated
with stimulation of COX-2 gene expression and higher PGE2

production, and pain after the local anaesthetic effect dissi-
pates (30). Bupivacaine and tetrodotoxin did not diminish
cytokine induction during carrageenan hind paw inflammation
in rats (31), and sciatic nerve blockade in animals with hind
paw inflammation did not prevent increases in central COX-2
or PGE2 levels as effectively as administration of a cytokine
inhibitor (32). In our study, the LA were not associated with
an anti-inflammatory response due to the relative short dura-
tion of their blocking action following a single injection at the
incision site.
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For effective wound healing an adequate supply of oxygen
and nutrients is essential, consequently, the vascularisation has
an important role. As the circulating CD34+ cells function as
endothelial cell progenitors, they represent the vasculogenesis
state (33). To measure the quantity of these cells, the CD34+
cell incorporation test was used. It has been reported that
participation of CD34+ cell is a key process in the initial phase
of wound healing process (34). In our study, bupivacaine
reduced the CD34 expression on POD #3, but the effect
did not persist until POD #14. Vasculogenesis is an essential
component of normal wound healing and repair by removal
of debris and assists the development of a granulation tissue
framework for wound closure (35). VEGF may contribute
to the angiogenic stimuli in wounds by direct effects on
proliferation and migration of endothelial cells or indirectly
by affecting persistent vascular permeability at the level of
existing microvessels, which occurs during the early phases
of wound repair (36). In our study, we did not find statistically
significant differences in VEGF expression in the ropivacaine
and bupivacaine groups compared with the saline groups,
suggesting that these LA did not impaired the vasculogenesis
process. Nevertheless, it must be emphasised that these
preliminary findings in normal animals may not be the same
in animals or humans with impaired wound-healing conditions
(e.g. diabetes). The fall in the number of CD34+ cells in the
bupivacaine-treated group (B3) may have deleterious effects
on wound healing in diabetic patients.

The deficiencies in this study design relate the use of a
single application of the LA. Consequently there was a short
exposure to potential deleterious effects of the drugs on the
local tissue. It would be interesting to compare different
concentrations of these LA, as well as localised infusions
of bupivacaine and ropivacaine in future studies. Although
experimental rat models are commonly used for wound
healing studies (9), these finding may not be extrapolated
directly to human beings. Studies involving a longer duration
of exposure to the LA would be of interest to determine if
there are any long-term effects on the wound healing process.
The small group sizes (n = 8 each) could have increased the
possibility of a type II statistical error. However, given the
genetic homogeneity of the rodents used in this study, the
small group sizes were justified.

The short incision was performed to minimise the possibil-
ity of contamination of the healing process due to scratching
of the area by the rat itself (one animal had to be eliminated
and replaced due to local tissue infection secondary to scratch-
ing of the incision site). Importantly, the length of the incision
(1 cm) was adequate for both the histochemical and mechan-
ical strength testing procedures. In this preliminary study, the
two time points chosen to assess wound healing (namely, 3
and 14 days after the incision) were based on the typical time
required for wound healing in this rat model. However, it is
important to point out that wound healing in rats occurs more
rapidly than in humans. Therefore, further investigative stud-
ies in other animal models and humans are necessary to insure
that the negative findings we reported in this preliminary rat
model can be translated into the clinical practice of wound
healing in post-surgical populations. These further studies are
also warranted to confirm the safety of the common clinical

practice of infiltrating LA both prior to the skin incision, as
well as at end of the surgical procedure.

Compared with the saline (control) group, there appeared
to be a small positive benefit of bupivacaine (and to a lesser
extent ropivacaine) at the third POD with respect to the
biochemical measures. However, there were no significant
differences among the three study groups with respect to
tensile strength on the 14th POD. Therefore, we conclude
that preincisional infiltration of a surgical wound with the
long-acting LA bupivacaine and ropivacaine did not adversely
influence histological wound healing parameters or reduce the
tensile strength of the locally infiltrated (skin) tissue in this
rodent model.
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