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ABSTRACT

Background and Objectives: Surgery provokes inflam-
matory and immune responses, so efforts have been made
to reduce host response by using less invasive techniques.
The purpose of this experimental study was to investigate
the surgical stress induced by skin incision and the role of
liver response in this process.

Methods: Seventy male anesthetized Wistar rats were
subjected to a midline incision confined strictly to the
skin (dermis) of either 1 cm long (n � 20), 10 cm long
(n � 20), or no incision (n � 20) or served as controls
(n � 10). Skin trauma was left open for a 20-minutes
period, and then was meticulously sutured. At 3 and 24
hours later, laparotomy was performed on half the rats
of each group, for blood and liver sampling. In serum
and liver homogenates, cytokine-induced neutrophil
chemoattractant (CINC)1/interleukin (IL)-8 and tumor
necrosis factor (TNF)-� levels were measured with en-
zyme-linked immunosorbent assays and nitric oxide
(NO) using a Griess reaction.

Results: Skin trauma was found to significantly (P � .01)
increase all inflammatory mediators tested (CINC1/IL-8,
TNF-�, NO) in serum of operated rats versus controls, the

increase being proportionally dependent on the length of
skin incision. In liver homogenates, CINC1/IL-8 was sig-
nificantly (P � .01) increased in operated animals versus
controls, similarly to serum levels. In contrast, liver TNF-�
levels were inversely related to serum levels, and a signif-
icant (P � .01) decrease in TNF-� was observed in liver
homogenates of operated animals compared with the
controls, indicating that the increased TNF-� in blood
reflects liver TNF-� secretion.

Conclusion: Our findings suggest that inflammatory and
immune reactions induced by skin-only surgical trauma
are closely correlated to the length of skin incision.

Key Words: Surgical skin trauma, Surgical incision, Skin
stress response, Postoperative immune reaction.

INTRODUCTION

It has long been recognized that tissue injury, as a result
of a surgical procedure, accelerates a neurophysiolog-
ical reflex response – namely surgical stress response –
which involves the hypothalamic-pituitary-adrenal axis
activation and results in a complex cascade of neuroen-
docrine, inflammatory, metabolic, and immunological
responses.1–5 The rapid evolution of laparoscopic sur-
gery led to its establishment as the “must” technique for
a plethora of surgical interventions, because, in addi-
tion to its other advantages, such as less pain and better
cosmetic results, to list a few, it has been considered as
a minimally invasive procedure, in the aspect of surgi-
cal stress induction.5–9

There is now increased experimental and clinical evi-
dence that laparoscopic, compared with open, surgery
reduces the inflammatory response and preserves the im-
mune function of the host, due to reduction of the tissue
trauma.10–13 On the other hand, there is an augmented
volume of data suggesting that the explanation of “less
trauma, less response” is not as simple as we would like to
believe, for at least two reasons: the first one is the peri-
toneal trauma, where the small incision for laparoscopic
surgery does not necessary mean less surgical stress, tak-
ing into account the additional influence of the gas itself,
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its temperature, its pressure, and so on,14–16 and the sec-
ond one is the knowledge that the skin is an independent
neuroendocrine organ.17–21 Based on these reasons, it has
been suggested that the skin incision related processes
lead to inflammation and sensitization of the peripheral
and central neurons, thus accelerating a concomitant neu-
rophysiologic stress response.22,23

Because this hypothesis is solely based on data related to
studies on local anesthetics for pain control after a skin
incision,24,2 we decided to investigate (1) whether the
length of skin trauma/surgical incision would affect the
magnitude of inflammatory and immune responses pre-
sented in the systemic circulation and (2) the role of the
liver in this process.

MATERIALS AND METHODS

Animals

Seventy male Wistar rats weighing 267 � 11.4 g were
included in this study. The experiment was performed at
the Surgical Research Laboratory of the AHEPA University
Hospital. The experimental protocol was approved by the
Department of Animal Care and Use Committee of the
Greek Ministry of Agriculture and adhered to the Euro-
pean Community Guiding Principles for the Care and Use
of Animals. Rats were individually housed in Plexiglas
cages, under stable laboratory conditions, with a 12-hour
dark/light cycle and free access to standard rat chow, for
a 7-day environmental adaptation period. Water was
available ad libitum throughout the experiment.

Experimental Settings

At the end of the environmental adaptation period, the
rats were randomly allocated into 3 experimental groups

of 20 animals per group, plus 10 rats used for baseline
measurements only. These 10 rats (Ctr) were killed and
then, immediately, blood and liver tissue specimens were
taken and stored for further processing, as analyzed later.
Regarding the remaining 60 experimental animals, 20 rats
were allocated into the short incision (S) group, 20 rats were
allocated into the long incision (L) group, and 20 rats served
as anesthesia controls (C), to assess the influence of anes-
thesia-related stress (Figure 1).26

After intramuscular ketamine-induced anesthesia (50
mg/kg) and under strictly sterile conditions, all 60 ani-
mals were subjected to a midline incision, confined
strictly to the superficial skin layer (dermis), at a length
of 1 cm for the S group, 10 cm for the L group, and sham
incision for the C group. The skin trauma site was left
open for a 20-minute period, to simulate the operation
time, and then was meticulously sutured with a 5.0
polypropylene suture. Rats were then placed in clean
cages with no bedding and allowed to recover from
anesthesia. At 3 and 24 hours later, 10 rats from each
group were similarly anesthetized to be subjected to an
abdominal opening for blood and liver tissue sampling,
and then the rats were killed with an anesthetic over-
dose. Blood serum and liver tissue were stored at –80°C
for subsequent analysis.

Cytokine-Induced Neutrophil Chemoattractant 1/
Interleukin-8 and Tumor Necrosis Factor-�
Assessment

Cytokine-induced neutrophil chemoattractant (CINC)1/
interleukin (IL)-8 and tumor necrosis factor (TNF)-�
concentrations in rat serum and liver homogenates
were measured with use of sandwich enzyme-linked
immunosobent assay (ELISA), according to the manu-

Figure 1. Flowchart of the in vivo experiments.
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facturer’s instructions (Duoset ELISA Development Sys-
tem, R&D Systems, UK, Abingdon, England).

Nitric Oxide Measurement

Nitric oxide (NO) production was determined spectro-
photometrically by measuring the total concentration of
nitrites/nitrates (NOx) representing the end products of
NO metabolism.27 To determine local production of NO,
total NOx of culture supernatants were assayed using a
modification of the Griess reaction, as previously de-
scribed.26,28,29

Protein Assay

Homogenates of liver tissue were examined for estimation
of total protein per well using the Bio-Rad protein mi-
croassay. The protein assay was based on Bradford’s dye-
binding procedure,30 as previously described.26,28,29

Statistical Analysis

Data were expressed as the mean � standard deviation
(SD) of the samples (n � 10) of each group. Statistical
analyses were performed by using the 1-way repeated-
measures analysis of variance (ANOVA) for multiple com-
parisons between groups. Statistical significance was es-
tablished at the level of P � .05 for all tests.

RESULTS

Assessment of serum from control animals (Ctr) revealed
a basal amount of CINC1/IL-8 levels (175.19 � 24.62
pg/mL, n � 10). Anesthesia itself, at 3 hours (C3), was
found to accelerate only a small increase in CINC1/IL-8
levels in rat serum (207.54 � 24.23 pg/mL, n � 10, P �
NS). In contrast, skin trauma was found to rapidly (within
3 hours) provoke a significant increase in CINC1/IL-8
serum levels mainly in L3 rats (from 207.54 � 24.23 pg/
mL, n � 10, to 438.65 � 79.84 pg/mL, n � 10, P � .01) as
well as in S3 rats (from 207.54 � 24.23, n � 10, to
285.25 � 35.69 pg/mL, n � 10, P � .05) compared with
the anesthesia group (C3). Interestingly, the increase in
CINC1/IL-8 serum levels (at 3 hours) in the L3 group was
significant higher (P � .05) compared with the increase in
the S3 group. After 24 hours, both L24 and S24 groups
demonstrated an expected slow decline of CINC1/IL-8
serum levels that continued to be statistically higher (P �
.05) compared with the anesthesia group (C24), but there
was not any statistical significant difference between the
L24 and S24 groups (Figure 2).

A similar increase was observed in serum TNF-� and NO
levels. In particular, TNF-� levels were found slightly but
significantly increased at 3 hours in both L3 and S3 groups
in relation to C3 (P � .05), while the lower increase in the
S3 levels did not reach any statistical significance com-
pared with L3 values. At 24 hours, both L24 and S24
groups exhibited a highly significant increase in relation to
C24 (from 3.36 � 0.53 pg/mL, n � 10, to 36.76 � 0.53
pg/mL, n � 10, and 20.62 � 7.23 pg/mL, n � 10, respec-
tively, P � .001) with the L24 levels also being highly
significantly increased (P � .001) compared with the S24
levels, thus confirming that the TNF-� serum levels are
clearly related to the length of skin incision (Figure 3).

NO serum levels were found highly significantly increased
at 24 hours postincision in both L24 and S24 groups in
relation to C24 (from 75.68 � 6.59 �mol/mL, n � 10, to
299.52 � 27.98 �mol/mL, n � 10, and 227.66 � 16.93
�mol/mL, n � 10, respectively, P � .01), while the in-
creased NO serum levels in the long-incision rats were
significantly higher (P � .05) compared with S24 rats’ NO
levels (Figure 4).

Regarding measurements in liver homogenates, only
CINC1/IL-8 and TNF-� levels were analyzed. The CINC1/
IL-8 levels in liver homogenates were increased in a sim-
ilar pattern to serum levels, confirming the direct effect of
the incision’s length on the inflammatory response. Anes-
thesia itself, at 3 hours (C3), was found to accelerate a
significant increase of CINC1/IL-8 levels in rat liver (P �
.01), compared with controls, while the CINC1/IL-8 liver

Figure 2. Serum CINC1/IL-8 levels. Data are presented as the
mean � standard error (SE) of 10 samples per group. C0 repre-
sents baseline measurements; C3 and C24 represent anesthesia-
only subjected rats, at 3 and 24 hours; L3 and L24 represent the
long-incision–subjected rats at 3 and 24 hours; and S3 and S24
represent the short-incision–subjected rats at 3 and 24 hours.
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levels were significantly increased in L3 (from 22.34 �
2.53 pg/mL, n � 10, to 52.032 � 2.86 pg/mL, n � 10, P �
.01) and S3 rats (from 22.34 � 2.53, n � 10, to 40.54 � 2.1
pg/mL, n � 10, P � .05) compared with the C3 group.
This increase was significantly higher (P � .05) in the L3
group compared with the S3 group. After 24 hours, both
L24 and S24 groups demonstrated a decrease in liver
CINC1/IL-8 levels, but they continued to be statistically
higher (P � .01 and P � .05, respectively) compared with

the C24 group. Despite the higher levels of the L24 com-
pared with the S24 group, this difference did not reach
any statistically significant difference (Figure 5).

In contrast, liver TNF-� levels were inversely those of the
serum. Anesthesia induced a significant increase (P � .01)
in TNF-� levels in liver homogenates compared with con-
trols. A highly significant decrease in TNF-� was observed
in both L3 and S3 groups (P � .01) compared with both
control and anesthesia levels, while the difference be-
tween L3 and S3 was negligible. At 24 hours, a further
reduction was observed in both L24 and S24 groups that
was statistically significant in relation to C24 levels (P �
.01), but, of interest, this reduction was significantly lower
for both L24 and S24 groups (P � .01), compared with the
3-hour liver homogenates levels (from 284.78 � 27.89
pg/mL, n � 10, to 216.42 � 21.19 pg/mL, n � 10, and from
292.75 � 28.67 pg/mL, n � 10, to 198.92 � 19.48 pg/mL,
n � 10, respectively, for the L24 and S24 groups), probably
indicating that the increased serum TNF-� after skin incision
in blood reflects a liver TNF-� secretion (Figure 6).

DISCUSSION

In the present experimental study in Wistar rats, we dem-
onstrated that skin-incision trauma promotes the release
of inflammatory mediators – such as CINC1/IL-8, TNF-�
and NO – in the rat serum compared with control animals
without trauma, the magnitude of which is directly related
to the length of the skin incision. Furthermore, by analyz-

Figure 3. Serum TNF-� levels. Data are presented as the mean �
standard error (SE) of 10 samples per group. C0 represents
baseline measurements; C3 and C24 represent anesthesia-only
subjected rats, at 3 and 24 hours; L3 and L24 represent the
long-incision–subjected rats at 3 and 24 hours; and S3 and S24
represent the short-incision–subjected rats at 3 and 24 hours.

Figure 4. Serum NO levels. Data are presented as the mean �
standard error (SE) of 10 samples per group. C0 represents
baseline measurements; C3 and C24 represent anesthesia-only
subjected rats, at 3 and 24 hours; L3 and L24 represent the
long-incision–subjected rats at 3 and 24 hours; and S3 and S24
represent the short-incision–subjected rats at 3 and 24 hours.

Figure 5. Liver homogenates CINC1/IL-8 levels. Data are pre-
sented as the mean � standard error (SE) of 10 samples per
group. C0 represents baseline measurements; C3 and C24 rep-
resent anesthesia-only subjected rats, at 3 and 24 hours; L3 and
L24 represent the long-incision–subjected rats at 3 and 24 hours;
and S3 and S24 represent the short-incision–subjected rats at 3
and 24 hours.
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ing liver homogenates, we revealed a similar increase of
CINC1/IL-8 levels, proportionate to the length of the skin
incision. On the contrary, liver TNF-� values were found
to be decreased in skin-trauma animals compared with the
constitutive levels of the controls, probably indicating that
the increased TNF-� in serum reflects liver TNF-� secre-
tion. Although it is known that the skin-only trauma mark-
edly affects the immune system and thus is implicated in
the overall inflammatory and immune response following
any surgical procedure,1 our findings further support this
hypothesis and add new knowledge on the role of inflam-
matory mediators released after surgical incision and dur-
ing the healing process. Furthermore, our results clearly
support our initial hypothesis that the immune-inflamma-
tory response induced by skin-only surgical trauma is
proportionally correlated to the length of skin incision.

In recent years, many clinical studies have reported less
postoperative pain, shorter hospital stay, and faster recov-
ery in patients undergoing laparoscopic, compared with
those who underwent open surgery. Thus, the hypothesis
was born, that the advantages of laparoscopy are due to
less mobilization of systemic inflammatory reaction (ie,
the acute phase responses of the entire organism to any
external stimuli, including surgical trauma). This hypoth-
esis was verified in the early 1990s by numerous clinical
and experimental studies and came back up to the fore-
front 15 years later, after the introduction of laparoscopic
as well as the single-port surgery.10,14,25

It was thus assumed that the extent of surgical trauma
causes a proportional degree of systemic inflammatory
reaction, that is reliable to be considered as an indicator of
tissue injury,31 although some studies argue that the main
reason for the inflammatory reaction is derived from the
peritoneal mesothelial cells.14–16,32,33 According to Walter
Cannon’s historic hypothesis, the stress response is an evo-
lutionarily adaptive psychophysiological survival mecha-
nism that allows the individual to react to an acute stressor34;
in the case of trauma, this response appeared to be a
complex process involving the immune, neuroendocrine,
and metabolic factors, teleologically targeting wound
healing.7,35,36

In the context of this knowledge, the idea of minimizing
skin surgical trauma, from that of conventional laparot-
omy to laparoscopy and to single-port surgery, went fur-
ther to that of natural orifice transluminal endoscopic
surgery (NOTES), which means to perform operations
without the need of skin incisions and instead exchange
the need of skin incision with internal viscerotomies. Al-
though it sounds reasonable, results are rather inconsis-
tent – not because the theory is wrong but because of
other factors that are involved, such as the inflammatory
reaction of the peritoneum caused by visceral port-site
trauma, possible enteral content spillage, and longer op-
erative time.37–41

Our data support this concept: Serum IL-8 – found to be
significantly elevated in the long-incision– versus the
short-incision–subjected rats – is a neutrophil chemoat-
tractant peptide released in the early phase of immune
response to recruit neutrophils in the inflammation site.42

Specifically, open surgery was found to cause a neutrophil
chemotaxis, the earliest and an essential event of the host
defense system against infection, via chemokine-induced
alterations43 in lymphocyte subpopulations.44 In addition,
the natural killer cell–induced interactions between mac-
rophages and lymphocytes and the increase in inflamma-
tory mediators, such as proinflammatory cytokines and
NO, have been reported as consequences of major ab-
dominal surgery.36,45–46

Nevertheless, the surgical incision for intraperitoneal access
typically involves multitissue injury, including skin, muscle,
fascia, peripheral nerves, and vasculature, which add to the
complexity of understanding the underlying mechanisms of
damaged tissues response during surgery; however, recent
in-depth research in the fields of skin neuroimmunology
and neuroendocrinology strongly supports the old is-
sue that the skin can serve as a peripheral neuroendo-
crine organ.17–21 Its strategic location as the barrier

Figure 6. Liver homogenate TNF-� levels. Data are presented as
the mean � standard error (SE) of 10 samples per group. C0
represents baseline measurements; C3 and C24 represent anes-
thesia-only subjected rats, at 3 and 24 hours; L3 and L24 repre-
sent the long-incision–subjected rats at 3 and 24 hours; and S3
and S24 represent the short-incision–subjected rats at 3 and 24
hours.
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between the environment and the internal milieu de-
termines its critical neuroendocrine activities, which are
predominantly regulated by local cutaneous factors.19,21

Moreover, recent research portrays the skin and its
appendages as both a prominent target of key stress
mediators (eg, corticotropin-releasing hormone, adre-
nocorticotropin, cortisol, catecholamines, prolactin,
substance P, and nerve growth factor) and a potent
source of these immunomodulatory mediators of the
stress responses.17,18,20,21

In the present study, we decided to use a skin-only trauma
model for the study of acute stress response, thus avoiding
the interference of all the other different tissues of the
abdominal wall, which are, more or less, involved in the
process of inflammatory reaction. This model, which has
already been used in rodents for the investigation of the
mechanisms behind postoperative pain, has demonstrated
that skin-only incisions induce mechanical and heat hy-
persensitivity similar to levels observed with incisions that
extend farther than the skin48–50; thus, cutaneous injury
might drive the majority of postoperative pain and, con-
sequently, the majority of inflammatory processes, or vice
versa.42,51

Ishibashi et al52 were the only ones who experimented on
a 3-cm skin incision with or without laparotomy, besides
the other different types of laparotomies (1, 2, and 3 cm;
1 � 3cm; 3 cm transverse; 3 cm with rapid closure). The
authors reported statistically (P � .05) lower IL-6 levels in
skin-only incision compared with full-thickness laparot-
omy of the same length. Although these findings are not
comparable to ours, because we have to evaluate the
inflammatory effect of different-length skin-only incisions,
the discrimination between skin incision and laparotomy
adds to our findings: skin makes the difference and all the
other structures follow.

Finally, another point to be mentioned is the knowledge
that effective afferent neural blockade with continuous
epidural local anesthetics inhibits a major part of the
endocrine metabolic responses, but no important effects
have been demonstrated on inflammatory or immuno-
logic responses.53,54 These data must be taken into ac-
count when the fast-track multimodal recovery manage-
ment is applied55 in laparoscopy-subjected individuals;
that means epidural anesthesia should not be omitted,
even in short-duration interventions, although Veenhof
et al56 reported in a small study group undergoing lapa-
roscopic surgery with fast-track care that immune function
assessed by means of systemic HLA-DR expression re-
mained at highest levels versus controls.

Existing knowledge indicates that various factors are in-
volved in wound trauma besides the length of surgical
skin incision. Regarding postoperative pain, Barabas
et al51 showed that although mechanical hypersensitivity
induced by skin incision is independent from transient
receptor potential ankyrin 1 (TRPA1) expression, heat
hypersensitivity is mainly affected by the expression of
transient receptor potential vanilloid 1 (TRPV1). Fujita et
al57 showed that the progression of postoperative pain
was parallel with the development of inflammation at the
site of the incision, suggesting that inflammatory media-
tors contribute to the underlying molecular mechanisms
of pain. Indeed, administration of high doses of nonsteroi-
dal anti-inflammatory drugs had an analgesic effect in a
postoperative pain model in rats.58 Previous studies in
mice with persistent inflammatory pain have shown that
the proinflammatory cytokines IL-8 and TNF-� are in-
volved in prefrontal synaptic transmission.59,60 In our
work, studying immunological factors that are related to
the skin incision postoperative inflammatory reaction, we
show that IL-8 and TNF-� are significantly upregulated, in
a length of incision–dependent manner. These data fur-
ther support the hypothesis that proinflammatory media-
tor production is significant in the postoperative pain
progression that is related to the length of the skin lesion.

CONCLUSION

Our findings suggest that the surgical stress induced by
skin-only surgical trauma increases the production of in-
flammatory mediator. This increase is dependent on the
length of the skin incision, while the liver was finally
found to play an important role in this inflammatory re-
action.
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