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Abstract
We characterized the time course of inflammatory cytokine release at the site of injury and in
plasma after surgery on the rat tail. Anesthetized Sprague-Dawley rats had a 20mm long incision
made through the skin and fascia of their tails. Control rats were anesthetized, but no incision was
made. Blood and tissue samples were taken 2 hours and 1, 2, 4 and 8 days after surgery and
analysed by ELISA for interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necrosis factora (TNF-α), and cytokine-induced neutrophil chemoattractant-1 (CINC-1). In another group of
rats daily behavioral measurements were made of the rats’ responses to a blunt noxious
mechanical stimulus (4 Newtons) applied to their tails. Primary hyperalgesia developed within
two hours of surgery, and lasted for six days. The tissue concentrations of IL-1β, IL-6 and CINC1 increased within 24 hours of surgery, and TNF-α concentration increased within 48 hours of
surgery. Thereafter, cytokine concentrations remained elevated for four (IL-1b and IL-6) to eight
days (CINC-1, TNF-α) after surgery. Control animals did not develop hyperalgesia and no
changes in cytokines concentrations were detected. Thus, in our model of postoperative pain,
secretion of inflammatory cytokines IL-1β, IL-6, TNF-α and CINC-1 was not essential for the
initiation of postoperative hyperalgesia.
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Introduction
Cytokines such as interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necrosis factor α (TNF-α)
and cytokine-induced neutrophil chemoattractant 1 (CINC-1) have been shown to sensitize
primary afferent nociceptors (Fukuoka et al. 1994; Obreja et al. 2002; Sachs et al. 2002; Sorkin et
al. 1997) and contribute to the development of hyperalgesia in animal models of inflammatory
pain (Cunha et al. 1992; Loram et al. 2006; Lorenzetti et al. 2002; Safieh-Garabedian et al. 1995;
Woolf et al. 1997). Because nociceptors developed spontaneous activity, reduced thresholds, and
expanded receptor fields within an hour of a minor surgical incision being made on the plantar
surface of the rat hind paw (Banik and Brennan 2004; Hamalainen et al. 2002; Pogatzki et al.
2002), it is reasonable that these cytokines also may contribute to the early sensitization of
primary afferent nociceptors in postoperative hyperalgesia.
In humans, surgical trauma causes an increase in the concentration of inflammatory cytokines at
the site of incision (Buvanendran et al. 2006; Kristiansson et al. 1998) and in plasma
(Buvanendran et al. 2006; Hall et al. 2001; Hogevold et al. 2000; Kato et al. 1997; Kristiansson et
al. 1998; Miyaoka et al. 2005). Yet, a role for inflammatory cytokines, secreted at the site of
surgery, in mediating postoperative pain has not been established. For example, Buvanendran and
colleagues (2006) showed no association between peripheral cytokine secretion and postoperative
pain in patients who had undergone hip arthroplasty, and Hall and colleagues (2001) found no
association between cytokine concentrations and pain intensity in surgical patients at the time of
their discharge from hospital. However, in-depth, mechanistic, investigations into the role of
local inflammatory cytokine secretion in postoperative pain require the use of animal models of
postoperative pain. In one of the only studies investigating the role of inflammatory cytokines in
an animal model of postoperative pain, Zahn and colleagues (2004) found that neutralizing TNFα in rats that had had surgery on a hind paw did not attenuate the development of postoperative
hyperalgesia. Their results therefore agree with the data from human studies which show no role
for peripheral cytokines in mediating postoperative pain.
Unfortunately, our understanding of the involvement of inflammatory cytokine, at the site of
surgery, in animal models of postoperative pain is compromised by the absence of any data on
the time course of peripheral inflammatory cytokine secretion following minor surgery on rats.
Consequently, it is unknown what inflammatory cytokines are increased at the site of injury
following a surgical incision in rats, and therefore which cytokines warrant further investigation.
Therefore, using a new animal model of postoperative pain we developed (Weber et al. 2005),
which produces sustained mechanical hyperalgesia for about six days, a time course comparable
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to that seen after minor surgical interventions in humans (Schulze et al. 1988; Tverskoy et al.
1990), we measured the concentrations of inflammatory cytokine at the site of incision and in
plasma for up to eight days following a minor surgical incision through the skin and fascia of the
rat tail. We also assessed whether the upregulation of these inflammatory cytokines correlated
with the hyperalgesia that develops after surgery by also measuring the time course of the
postoperative hyperalgesia.
Materials and Methods
Animals
We used Sprague-Dawley rats that were housed four per cage in a temperature-controlled room
(~ 22°C), on a 12:12 hour light-dark cycle (lights on at 07:00). Food and water were provided ad
libitum. Two separate groups of animals, chosen at random from the same breeding stock, were
used to assess the effect of surgery on 1) the secretion of inflammatory cytokines, and 2) the
behavioral response to a noxious mechanical stimulus applied to the tail. All experimental
procedures were approved by the Animal Ethics Screening Committee of the University of the
Witwatersrand (protocol: 2005/04/4), and adhered to the guidelines of the Committee for
Research and Ethical Issues of the International Association for the Study of Pain (Zimmerman
1983).
Surgery
An incision in the tail was made according to the method we previously described.(Weber et al.
2005) Briefly, rats that underwent surgery were placed in a sealed clear plastic container
containing 6% isoflurane (Isofor, Safe Line Pharmaceuticals, South Africa) in oxygen until they
became immobile. Thereafter, anesthesia was maintained with 1 to 2% isoflurane in oxygen,
delivered through a nose cone. Anesthetized animals’ tails were cleaned with chlorhexidine
gluconate (Hibitane, AstraZeneca, South Africa), before a 20mm longitudinal incision was made
through the skin and fascia on the dorsal surface of the middle section of the tail. The incision
was sutured with 4/0 nylon (SRL, Tyco Healthcare, South Africa), sprayed with a topical
antiseptic (Necrospray, Centaur Labs, South Africa), and then the rats were allowed to recover in
their cages. Control animals were anesthetized, using the same anesthesia protocol, and for the
same duration (~10 minutes), as rats that underwent surgery, but their tails were not cut.
Nociceptive testing
For testing nociception, rats were restrained individually in clear plastic restrainers that allowed
free movement of their tail, but restricted body movements. Before the start of experimentation,
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we habituated the animals to the restrainers for three hours a day, on three consecutive days. On
days of nociceptive testing rats were placed into restrainers 30 minutes before we started testing
nociception.
We used the method described by Vidulich and Mitchell (2000) to test for primary hyperalgesia
to a noxious mechanical stimulus. Briefly, a bar algometer (Halda RS, Sweden), which was
placed transversely across the incision site, or the corresponding site in control animals, was used
to deliver a static force of 4 Newtons to rats’ tails. The latency from when the force was applied
until the first sign of aversive behavior, such as the animal attempting to turn around in its
restrainer or withdrawing its tail, was measured using a stopwatch. An average of three
measurements, taken one minute apart, was recorded as the response latency. Testing was
terminated if rats did not respond to the stimulus within 30 seconds; no animals reached the 30second cut-off.

Cytokine assays
We measured cytokine concentrations using a rat-specific enzyme-linked immunosorbent assay
(ELISA, National Institute of Biological Standards and Control, UK), as previously described by
Safieh-Garabedian and colleagues (1995). Briefly, one-hundred microliters recombinant rat
cytokine standard or sample was added to each well of microtitre plates, which had been precoated overnight with sheep anti-rat polyclonal antibody, and incubated overnight at 4°C. The
following day sheep anti-rat biotinylated polyclonal antibodies were added (1:2000 dilution), and
the samples incubated at room temperature (~22ºC) for one hour. One-hundred microliters of
streptavidin-poly-horseradish peroxidase (1:10000 dilution, Euroimmun, South Africa) then was
added to each well, at room temperature, and after 30 minutes the plates were washed and the
color reagent o-Phenylenediamine dihydrochloride (40µg, 100µl.well-1, Sigma-Aldrich, South
Africa) added. The reaction was terminated with H2SO4 (1M, 150µl.well-1) and the optical
density measured at 490nm. Each sample was measured in duplicate. Cytokine concentrations
were expressed as pg.ml-1 for assays of plasma, and pg.mg-1 for tail tissue. Tumor necrosis factorα, IL-1β, IL-6 and CINC-1 cytokines were analysed using the appropriate sheep anti-rat
polyclonal and biotinylated antibodies for each cytokine, and there was no cross-reaction between
the cytokine ELISAs. The ELISA for IL-β detected both precursor and mature IL-1β but not IL1α or IL-1ra.
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Experimental protocols
Experiment 1: behavioral testing
For four consecutive days before rats underwent surgery (n=10) or anesthesia only (n=12,
control), we measured the rats’ response latencies to the noxious mechanical stimulus to
determine average pre-intervention response latencies. On the fifth day animals underwent either
surgery or anesthesia only. Thereafter, animals’ response latencies to the noxious mechanical
stimulus were measured two hours after the intervention, and then daily thereafter, at the same
time or day, for eight days.
Experiment 2: cytokine concentrations
Two hours, 1 day, 2 days, 4 days and 8 days after surgery or anesthesia only (control), rats were
anesthetized with isoflurane and blood and tail tissue samples were taken (n = 6 per intervention
and time interval). Blood samples were collected by cardiac puncture, into chilled, sterile, blood
tubes containing EDTA (EDTA vacutainer, Becton Dickinson, South Africa) centrifuged at
2000g for 10 minutes at 4°C, and the plasma stored at -70°C until assayed for IL-1β, IL-6, CINC1 and TNF-α. Immediately after the blood sample was taken, rats were killed by intracardiac
injection of pentobarbital sodium (Euthanase, Kyron, South Africa), and tail tissue (epidermis,
dermis and fascia) was taken from the site of incision (including inflamed tissue ~1 mm on either
side of the incision), or the corresponding site in control animals, weighed, frozen in liquid
nitrogen and stored at -70°C until assayed for IL-1β, IL-6, CINC-1 and TNF-α. Before assaying
for cytokines, tissue samples were homogenised in 500µl phosphate buffered saline (PBS, pH =
7.4) containing 0.4M NaCl, 0.05% Tween-20, 0.5% bovine serum albumin, 0.1mM
benzethonium chloride, 10mM EDTA and 20KI.ml-1 aprotinin. Homogenates were centrifuged at
12000g for 60 minutes at 4°C, and then the supernatant was removed and analysed for IL-1β, IL6, CINC-1 and TNF-α.
Statistical analysis
All data are expressed as mean (SD). Differences in response latencies and cytokine
concentrations were detected for over time and between the two interventions (surgery with
anesthesia and anesthesia only) by two-way analysis of variance. Tukey-Kramer multiple
comparisons post hoc test was used when significant main effects or interactions were detected.
The threshold for statistical significance was set at alpha = 0.05 for all statistical procedures.
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Results
Experiment 1: behavioral testing
Figure 1 shows the effect of surgery on rats’ sensitivity to a noxious mechanical stimulus. The
main effects of intervention (F(1,20) = 29.4, P < 0.01), time (F(9,180) = 7.67, P < 0.01) and
interaction (F(1,180) = 4.34, P < 0.01) were significant, such that only animals that underwent
surgery developed significant hyperalgesia, as indicated by a decreased time for them to respond
to the stimulus after surgery. Hyperalgesia in these animals developed within two hours of
surgery and persisted until six days after surgery.
Experiment 2: cytokine concentrations
Interleukin-1β
Figure 2 shows the concentration of IL-1β measured in tissue taken from the site of incision, or
the corresponding site in control animals. The main effects of intervention (F(1,46) = 297, P <
0.01), time (F(4,46) = 35.2, P < 0.01) and interaction (F(4,46) = 36.3, P < 0.01) were significant,
such that there were time-dependent changes in the tissue concentration of IL-1β only in animals
that had undergone surgery. Two hours after the intervention (surgery with anesthesia or
anesthesia only), the concentration of IL-1β was similar in animals that had undergone surgery
and control animals. However, while the concentration of IL-1β remained low (below 6 pg.mg-1)
for the following eight days in control animals, the concentration of IL-1β in animals that had
undergone surgery increased significantly within 24 hours of surgery, and this rise in IL-1β
concentration was sustained for at least four days. By eight days after surgery, the concentration
of IL-1β was similar in animals that had undergone surgery to that in control animals. The plasma
concentration of IL-1β remained below the detection limit of the assay (11 pg.ml-1) for all
animals for the duration of the experiment (data not shown).
Interleukin-6
Figure 3 shows the concentration of IL-6 measured in tissue taken from the site of incision, or the
corresponding site in control animals. The main effects of intervention (F(1,49) = 160, P < 0.01),
time (F(4,49) = 21.8, P < 0.01) and interaction (F(4,49) = 22.6, P < 0.01) were significant, such that
there were time-dependent changes in the tissue concentration of IL-6 only in animals that had
undergone surgery. Two hours after the intervention (surgery with anesthesia or anesthesia only),
the concentration of IL-6 was similar in animals that had undergone surgery and those animals
that had anesthesia only. However, while the concentration of IL-6 remained low (below 3
pg.mg-1) for the remainder of the experiment in control animals, the concentration of IL-6 in
animals that had undergone surgery increased significantly within 24 hours of surgery. This rise
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in IL-6 concentration was sustained for at least two days, but thereafter it began to decrease and
by eight days after surgery, the concentration of IL-6 was similar in both groups of animals. The
plasma concentration of IL-6 remained below the detection limit of the assay (33 pg.ml-1) for all
animals for the duration of the experiment (data not shown).
Cytokine-induced neutrophil chemoattractant-1
Figure 4 shows the concentration of CINC-1 measured in tissue taken from the site of incision, or
the corresponding site in control animals. The main effects of intervention (F(1,50) = 29.1, P <
0.01), time (F(4,50) = 34.3, P < 0.01) and interaction (F(4,50) = 32.4, P < 0.01) were significant,
such that there were time-dependent changes in the tissue concentration of CINC-1 only in
animals that had undergone surgery. Two hours after the intervention (surgery with anesthesia or
anesthesia only), the concentration of CINC-1 was similar in animals that had undergone surgery
and control animals. However, while the concentration of CINC-1 remained low (below 4 pg.mg1
) for the duration of the experiment in control animals, the concentration of CINC-1 in animals
that had undergone surgery increased significantly within 24 hours of surgery. Thereafter, the
concentration of CINC-1 continued to rise, reaching its peak concentration between two and four
days after surgery. By eight days after surgery, the concentration of CINC-1 had decreased
compared to days one, two and four after surgery, but still was significantly greater than the
concentration measured in control animals. No significant differences between the two
interventions (F(1,46) = 0.52, P = 0.48), or changes in concentration over time (F(4,46) = 1.17, P =
0.34), were detected in the plasma concentration of CINC-1 (data not shown).
Tumor necrosis factor-a
Figure 5 shows the concentration of TNF-α measured in tissue taken from the site of incision, or
the corresponding site in control animals. The main effects of intervention (F(1,48) = 291, P <
0.01), time (F(4,48) = 34.3, P < 0.01) and interaction (F(4,48) = 32.4, P < 0.01) were significant,
such that there were time-dependent changes in the tissue concentration of TNF-α only in
animals that had undergone surgery. Two hours and one day after the intervention (surgery with
anesthesia or anesthesia only), the concentration of TNF-α was similar in animals that had
undergone surgery and control animals. However, while the concentration of TNF-α remained
low (below 3 pg.mg-1) for the remaining eight days of the experiment in control animals, the
concentration of TNF-α in animals that had undergone surgery increased significantly by 48
hours after surgery, and remained similarly elevated until at least four days after surgery. By
eight days after surgery, the concentration of TNF-α had decreased compared to days two and
four after surgery, but still was significantly greater than the concentration measured in control
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animals. The plasma concentration of TNF-α remained below the detection limit of the assay (43
pg.ml-1) for all animals for the duration of the experiment (data not shown).
Discussion
We have shown that the onset of hyperalgesia following minor surgery on rats’ tails is not
accompanied by increased concentrations of local or circulating inflammatory cytokines IL-1β,
IL-6, CINC-1, and TNF-α. Indeed, the concentrations of the inflammatory cytokines we
measured increased only between two and 48 hours after surgery, well after hyperalgesia had
developed, and then, they increased only at the incision site and not in the circulation. Once the
tissue concentrations of the cytokines were elevated, the time course of IL-6 and IL-1β secretion
was similar to the time course of the hyperalgesia, with the tissue concentrations of IL-1β and IL6 returning to background concentrations eight days after surgery; shortly after the hyperalgesia
had resolved. However, the tissue concentrations of CINC-1 and TNF-α still were elevated two
days after the hyperalgesia had ended.
Despite our findings that IL-1β, IL-6, CINC-1 and TNF-α secretion only increased after
hyperalgesia had developed, numerous studies in humans have shown that IL-6 and interleukin-8
(the human analog of CINC-1) are elevated at the wound site (Buvanendran et al. 2006;
Kristiansson et al. 1998) and in plasma (Hall et al. 2001; Kato et al. 1998; Kato et al. 1997;
Kristiansson et al. 1998; Miyaoka et al. 2005; Yeager et al. 1999) within hours of the start of
surgery. The most likely explanation for the discrepancies between our data and data from studies
done on human surgical patients, in terms of the time course of cytokine secretion and our failure
to detect cytokines in plasma, probably is the severity of the surgical intervention, and hence the
magnitude of the inflammatory response. Cruickshank and colleagues (1990) showed a strong
correlation between plasma IL-6 concentration and the severity and duration of surgery, and
Schrietroma and colleagues (2004) found that plasma IL-1β and IL-6 concentrations were
significantly lower when laproscopic cholecystectomy, compared to more traumatic open
cholecystectomy, was performed. However, comparisons between the cytokine responses that
occur in various rodent models of postoperative pain, which differ in surgical severity, are
necessary to confirm the link between the severity of surgery, the extent of the cytokine response,
and how the cytokine responses in these other animal models correlate with the development of
postoperative hyperalgesia.
Because secretion of IL-1β, IL-6, TNF-α, and CINC-1 increased only after hyperalgesia already
had developed, we believe that unlike in models of inflammatory hyperalgesia (Cunha et al.
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1992; Loram et al. 2006; Lorenzetti et al. 2002; Safieh-Garabedian et al. 1995; Woolf et al.
1997), these cytokines are not necessary within the first two hours of surgery for the development
of hyperalgesia in our animal model of postoperative pain. Given our finding that TNF-α
concentration increased only 48 hours after surgery, it is not surprising that Zahn and colleagues
(2004) found that neutralizing TNF-α did not affect the development of postoperative
hyperalgesia in rats. Our findings that inflammatory cytokines are not necessary for the initial
development of postoperative hyperalgesia in rats, also corroborate the findings of Buvanendran
and colleagues (2006). They found that even though concentrations of TNF-α, IL-1β, IL-6 and
IL-8 were elevated at the wound site in surgical patients, there was no correlation between the
intensity of postoperative pain and the cytokine concentration, despite a correlation existing
between the extent of surgery and cytokine secretion (Cruickshank et al. 1990; Schietroma et al.
2004). Thus, based on the available evidence, the onset of postoperative hyperalgesia does not
appear dependent on the local secretion of inflammatory cytokines, which distinguishes
postoperative hyperalgesia from archetypal models of inflammatory pain. Moreover, recent
evidence from Fu and colleagues (2006) indicates that there is rapid activation of glial cells and
expression of IL-1β in the spinal cord of rats that have undergone surgery, which may indicate
that spinal expression, rather than peripheral expression, of inflammatory cytokines has an
important role in mediating the initial stages of postoperative pain.
If inflammatory cytokines did not mediate the initial phases of peripheral sensitization in our
study, then other chemical mediators, such as bradykinin (Ferreira et al. 1993; Poole et al. 1999;
Wang et al. 2006), prostaglandins (Samad et al. 2002), and/or protons (Jones et al. 2004; Sluka et
al. 2003; Woo et al. 2004), which are released following tissue injury, may mediate the process.
Inhibitors of prostaglandin synthesis (Chen et al. 2004; Gajraj and Joshi 2005; Kokki 2003;
Romsing and Moiniche 2004), but not bradykinin receptor antagonists (Leonard et al. 2004),
have been shown to attenuate postoperative pain. In a comprehensive pharmacological
characterization of the rat hind-paw model of postoperative pain, Whiteside and colleagues
(2004) demonstrated that selective inhibitors of cyclo-oxygenase (COX) 1 and COX 2 attenuated
hyperalgesia in rats’ which had had surgery on the plantar surface of their paws. However, we
recently demonstrated that the selective cyclo-oxygenase (COX)-2 inhibitor parecoxib sodium
did not attenuate the hyperalgesia that develops postoperatively in rats that had had surgery on
their tail (Kamerman et al.), indicating that prostaglandins synthesized through the COX-2
pathway do not contribute significantly to the initial development of hyperalgesia in our model of
postoperative pain. However, we cannot exclude the possibility that prostaglandins synthesized
by COX 1 may mediate the hyperalgesia. Other than prostaglandins, there is strong evidence
supporting a role for acidification of the damaged tissue in contributing to the initial nociceptive
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sensitization processes that occur postoperatively. Woo and colleagues (2004) showed that
extracellular pH was reduced at the wound site within 10 minutes of surgery on the rat hind paw,
and the time course of thermal hyperalgesia, in particular, and mechanical hyperalgesia, to a
lesser extent, was closely associated with the time course of the acidification of the wound (Woo
et al. 2004).
While none of the cytokines we measured were elevated when hyperalgesia developed after
surgery, the time course of IL-1β and IL-6 secretion closely resembles the time course of the
hyperalgesia. Thus these two algogenic cytokines in particular, may have been important for
maintaining the postoperative hyperalgesia, in addition to roles they may have in wound healing,
once it has developed. Indeed, IL-6 reached its peak concentration two days after surgery when
the intensity of hyperalgesia was at its greatest, and decreased in concentration as the intensity of
hyperalgesia waned. Thus, the roles of IL-6 and IL-1β in maintaining postoperative hyperalgesia
requires further investigation. The tissue concentrations of CINC-1 and TNF-α also were
elevated during the maintenance phase of the hyperalgesia, but they still were significantly
elevated two days after the hyperalgesia had ended. Thus, the principal role for CINC-1 and
TNF-α, at least in the later stages of our experiment, probably was not the maintenance of
hyperalgesia. It is more likely that these cytokines were involved in wound healing (Engelhardt et
al. 1998; Lee et al. 2000; Zhang et al. 2004).
In conclusion, we have provided the first characterization of the time course of inflammatory
cytokine secretion at the site of incision in an animal model of postoperative hyperalgesia. We
found that IL-1β, IL-6, CINC-1 and TNF-α increased sometime between two hours and two days
after surgery, indicating that none of these cytokines were essential for the initial development of
postoperative primary hyperalgesia in our animals. But once elevated, the time course of IL-1β
and IL-6 secretion in particular coincided with the time course of the maintenance and resolution
phases of the postoperative hyperalgesia.
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Figure Legends
Figure 1: Mean (SD) response latencies in reaction to a noxious blunt mechanical stimulus (4
Newtons) applied to the site of incision (Surgery, closed bars, n = 10), or the corresponding site
in control animals (Control, open bars, n = 12). Animals that had surgery developed hyperalgesia
within two hours of surgery, which persisted until six days after surgery. * indicates P < 0.05:
response latency after surgery versus response latency before surgery, and † indicates P < 0.05:
response latency after surgery versus response latency measured in control animals at the same
time period after the intervention.
Figure 2: Mean (SD) concentrations of interleukin-1β (IL-1β) in tissue taken from the site of
incision (Surgery, closed bars, n = 6), or the corresponding site in control animals (Control, open
bars, n = 6). * indicates P < 0.05: 1) IL-1β concentration in animals that had surgery versus IL-1β
concentration measured in control animals at the same time period after the intervention, and 2)
IL-1β concentration measured 1, 2 and 4 days after surgery versus IL-1β concentration measured
2 hours and 8 days after surgery. The dashed line shows the detection limit of the assay.
Figure 3: Mean (SD) concentrations of interleukin-6 (IL-6) in tissue taken from the site of
incision (Surgery, closed bars, n = 6), or the corresponding site in control animals (Control, open
bars, n = 6). * indicates P < 0.05: 1) IL-6 concentration in animals that had surgery versus IL-6
concentration measured in control animals at the same time period after the intervention, and 2)
IL-6 concentration measured 1, 2 and 4 days after surgery versus IL-6 concentration measured 2
hours and 8 days after surgery. † indicates P < 0.05: IL-6 concentration measured 4 days after
surgery versus IL-6 concentration measured 1 and 2 days after surgery. The dashed line shows
the detection limit of the assay.
Figure 4: Mean (SD) concentrations of cytokine-induced neutrophil chemoattractant 1 (CINC-1)
in tissue taken from the site of incision (Surgery, closed bars, n = 6), or the corresponding site in
control animals (Control, open bars, n = 6). * indicates P < 0.05: 1) CINC-1 concentration in
animals that had surgery versus CINC-1 concentration measured in control animals at the same
time period after the intervention, and 2) CINC-1 concentration measured 1, 2, 4 and 8 days after
surgery versus CINC-1 concentration measured 2 hours after surgery. † indicates P < 0.05:
CINC-1 concentration measured 1 and 8 days after surgery versus CINC-1 concentration
measured 2 and 4 days after surgery. The dashed line shows the detection limit of the assay.
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Figure 5: Mean (SD) concentrations of tumour necrosis factor a (TNF-α) in tissue taken from the
site of incision (Surgery, closed bars, n = 6), or the corresponding site in control animals
(Control, open bars, n = 6). * indicates P < 0.05: 1) TNF-α concentration in animals that had
surgery versus TNF-α concentration measured in control animals at the same time period after
the intervention, and 2) TNF-α concentration measured 2, 4 and 8 days after surgery versus TNFα concentration measured 2 hours and 1 day after surgery. † indicates P < 0.05: TNF-α
concentration measured 8 days after surgery versus TNF-α concentration measured 2 and 4 days
after surgery. The dashed line shows the detection limit of the assay.

