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Abstract:    Objective: To evaluate the effects of tramadol on the proinflammatory responses in a rat model of incisional pain by 
investigating its effects on nociceptive thresholds and serum interleukin-6 (IL-6) and IL-2 levels. Methods: Forty-two male 
Sprague-Dawley (SD) rats scheduled for plantar incision were randomly divided into 7 groups (n=6 in each group). Rats in Group 
1 receiving general anesthesia with no incision were served as control; At 30 min before skin incision, Groups 2~5 were given 5 ml 
normal saline or 1, 10, and 20 mg/kg tramadol, respectively, intraperitoneally (i.p.); Group 6 received 10 mg/kg tramadol after 
operation; Group 7 received 10 mg/kg tramadol before incision, followed by 200 μg/kg naloxone after operation. Mechanical 
allodynia was measured by electronic von Frey filament to evaluate the nociceptive thresholds 1 h before incision, and 1 h and 2 h 
after operation. Serum IL-6 and IL-2 levels were measured by enzyme-linked immunosorbent assay (ELISA) 2 h after operation. 
Results: Mechanical thresholds decreased significantly and serum IL-6 level increased significantly after operation in Group 2 
compared with control (P<0.01), and these changes were reversed respectively by tramadol in a dose-dependent manner (P<0.05 
and P<0.01, respectively). IL-2 level remained unchanged after operation in Group 2, but decreased in Group 3 (P<0.05), then 
gradually returned to the normal level in Groups 4 and 5. The intraperitoneally injected tramadol (10 and 20 mg/kg) produced a 
potent and dose-dependent antinocicptive effect on the lesioned paw. The antinocicptive effects of tramadol were partially an-
tagonized by naloxone (200 μg/kg), suggesting an additional non-opioid mechanism. Conclusion: The results suggest that 
tramadol could be a good choice for the treatment of pain under the conditions that immunosuppression may be particularly 
contraindicated.  
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INTRODUCTION 
 

Opioid analgesics are commonly used for the 
treatment of both acute (e.g., post-operative) and 
chronic pain, but some studies argued that they also 
cause suppression to immune system (Manfredi et al., 
1993; Clark et al., 2007). Tramadol hydrochloride is a 
centrally acting analgesic with opioid and non-opioid 
like properties (Raffa et al., 1992; Kayser et al., 
1992).  

Cytokines play a pivotal role in coordination and 
regulation of immune responses (Sacerdote et al., 

1997; 1999; 2000; Gaspani et al., 2002; Niemand et 
al., 2003). Surgical trauma and anesthesia are asso-
ciated with a complex dysregulation of the immune 
system and with the activation of both proinflam-
matory and anti-inflammatory responses (Salo, 
1992). Interleukin-1 (IL-1), tumor necrosis factor-α 
(TNF-α) and IL-6 have local and systemic effects 
that may limit injury and the spread of infection and 
provide a suitable environment for tissue healing and 
repair (Sheeran and Hall, 1997). However, the ex-
cessive activity of either proinflammatory or anti-            
inflammatory cytokines may cause injury to the patient 
or render the patient immunocompromised (Lin et al., 
2000). Also, the principal immunologic deficit after 
trauma and major surgery decreases cell-mediated 
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immunity from an impaired natural killer (NK) cell 
response and T helper 1 (TH1) lymphocyte develop-
ment, which probably results in preferential T helper 
2 (TH2) development (Sheeran and Hall, 1997). IL-2 is 
crucial to the development of TH1 subset of lympho-
cytes responsible for cell-mediated immunity 
(Sheeran and Hall, 1997).  

It is possible that choice of a drug modulates 
beneficial immune responses in the perioperative 
period. It has been demonstrated that tramadol can 
contribute to beneficial effects on immune functions 
in patients, namely, induce an improvement of post-
operative immunosuppression and increase NK cell 
activity, lymphocyte proliferation and IL-2 produc-
tion (Sacerdote et al., 1997; 1999; 2000). However, 
the mechanism of tramadol on modulating cytokine 
production is unknown.  

On considering the dual mechanism of action of 
tramadol, we considered it of interest to evaluate the 
potential immunological effects of this drug. Thus, we 
investigated the antinociceptive effect of tramadol by 
mechanical stimulation test and evaluated its effects 
on proinflammatory responses by determining IL-2 
and IL-6 production in a rat model of incisional pain. 
The reversal of the effect of tramadol on the nocicep-
tive response by naloxone was also investigated. 

 
 

MATERIALS AND METHODS 
 
Animals and laboratory 

The experiments were performed on 42 male 
Sprague-Dawley (SD) rats, weighing 150~250 g. The 
animals were allowed to habituate to the colony room 
for 1 week before beginning the experiment. The rats 
were housed at a constant room temperature of 22 °C 
with a 12-h alternating light-dark cycle. After the 
surgical procedure, rats were housed and isolated in a 
large cage and the floor was covered with sawdust in 
order to minimize the possibility of painful me-
chanical stimulation. Chow and water were available 
ad libitum and the operated incisional animals were 
able to eat and drink unaided. All protocols were 
approved by the Medical Faculty Ethnic Committee 
of Zhejiang University, China. 

 
Experimental procedures 

Rats were anesthetized with 300 mg/kg choral 

hydrate intraperitoneally (i.p.). As described previ-
ously (Brennan et al., 1996), a 1-cm longitudinal 
incision was made through skin and fascia of the 
plantar aspect of the left hind paw including the un-
derlying muscles. The skin was sewed up with two 
mattress sutures and the wound was covered with 
iodine.  

The rats were randomly divided into 7 groups 
(n=6 in each group) as shown in Table 1. The control 
group received a sham operation that consists of 
anesthesia and sterile preparation of the hind paw 
without incision. The 5 ml of saline was injected into 
the rats in Group 2 30 min before skin incision. 
Groups 3~5 were pretreated by intraperitoneal injec-
tion of tramadol (Grünenthal Medicine Co., Ltd., 
Aachen, Germany) 30 min before plantar incision. 
Group 6 was treated with 10 mg/kg tramadol 
postoperatively. In addition, Group 7 was treated 
with 200 μg/kg naloxone (Fourcicle Medicine Co., 
Ltd., Beijing, China) immediately after operation 
with 10 mg/kg tramadol pretreatment. The no-
ciceptive thresholds were then determined at the 
same time periods.  
 
 
 
 
 
 
 
 
 
 
 
 
Mechanical allodynia tests 

Sensitivity to mechanical stimuli was assessed 1 
h before incision, and 1 h and 2 h after operation, by 
using an electronic von Frey filament (IITC 2390 
series electronic von Frey Anesthesiometer, IITC Life 
Science, Woodland Hills, USA). The rats were placed 
on a mesh-wire floor within individual plastic boxes, 
and were allowed to acclimate for 30 min for the first 
test before operation. The hairless plantar surface of 
the hind paw was probed by an electronic von Frey 
probe (ranging from 0.01~58 g). Each monofilament 
was applied with sufficient force to bend. In the 
presence of a response (indicated by a brisk withdrawal 

Table 1  Study groups and drug schedules used for the
experimental procedure 
Group No. n Drug injection (i.p.) 

1 6 No incision, baseline (control) 
2 6 5 ml saline pretreatment 
3 6 1 mg/kg tramadol pretreatment 
4 6 10 mg/kg tramadol pretreatment 
5 6 20 mg/kg tramadol pretreatment 
6 6 10 mg/kg tramadol, postoperatively 
7 
 

6 10 mg/kg tramadol pretreatment,  
200 μg/kg naloxone, postoperatively 
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or flinching), the number of force presented indicated 
the mechanical pain threshold. Every measurement 
was performed 5 times on the same hind paw at 30 s 
intervals, and the response threshold was defined as 
the lowest force that caused at least 3 withdrawals out 
of the 5 consecutive applications. 

 
Sample collection 

Rats were quickly decapitated to collect trunk 
blood for assessment of IL-2 and IL-6 levels at 2 h 
after operation. Rats received anesthesia without 
incision were used as baseline. All blood samples 
were centrifuged at 3000 r/min for 10 min, and the 
separated sera were stored at −80 °C until assay. 

  
Measurement of IL-6 and IL-2 levels by enzyme- 
linked immunosorbent assay (ELISA) 

Serum IL-6 and IL-2 levels were measured by 
using a polyclonal ELISA kit (RapidBio Lab., Cala-
basas, California, USA) following the manufacturer’s 
instructions. Briefly, the anti-IL-6 capture polyclonal 
antibody (pAb) was absorbed on a polystyrene 
96-well plate and the IL-6 present in the sample was 
bound to the antibody coated wells. The biotinylated 
anti-IL-6 detecting pAb was added to bind the IL-6 
captured by the first antibody. After washing, 
avidin-peroxidase (Sigma, USA) was added to the 
wells to detect the biotinylated detecting antibody and 
finally 2,2′-azino-bis(3-ethylbenthiazoline-6-sulfonic 
acid) (ABTS; Sigma, USA) substrate was added and a 
colored product was formed in proportion to the 
amount of IL-6 present in the sample, which was 
measured at optical density 405 nm (OD405) with an 
ELISA microplate reader (model 450, Bio-Rad, 
Chicago, Illinois, USA). A standard curve was gen-
erated, and the IL-6 concentration (in pg/ml) of the 
samples was calculated. The measurement of IL-2 is 
similar to that of IL-6. All determinations were per-
formed by full-time technical personnel. 

 
Data analysis 

Data were presented as mean±SD. All the sta-
tistical analyses were performed by using values ex-
pressed in grams. In the analyses of IL-6 and IL-2 
production and analgesic responses, a one-way 
analysis of variance (ANOVA) was used, followed by 
Dunnet’s test for multiple comparison. P<0.05 was 
considered to be significant. 

RESULTS 
 
Behavioral test 

Before surgery the mechanical threshold did not 
show any significant differences between the hind 
paws of all rats [(49.60±5.1) g vs (48.11±6.2) g, 
n=42]. The mean threshold in Group 2 was markedly 
decreased to (16.4±2.46) g 1 h after the surgical pro-
cedure and to (3.01±0.7) g 2 h after operation on the 
incision side (P<0.001) compared with the control 
(Group 1). No significant changes in general behav-
iors of the animals were observed after injection of 
tramadol, except for an increase in mechanical 
threshold. 

Pretreatment with 10 and 20 mg/kg tramadol 
(Groups 4 and 5, respectively) produced an overall 
significant antinociceptive effect on the lesioned paw 
early in 1 and 2 h after incision, compared with Group 
2 (P<0.05 and P<0.01, respectively). Administration 
of 1 mg/kg tramadol before incision did not reverse 
the mechanical allodynia (P>0.05). Administration of 
10 mg/kg tramadol immediately after operation 
(Group 6) also increased the mechanical threshold 
similar to pretreatment in the same dosage, compared 
with Group 2 (P<0.05). The results of the behavioral 
test are shown in Fig.1. In Group 7, the reversal of 
antinociceptive effect of tramadol was confirmed 2 h 
after operation (Fig.1). This effect was significantly 
greater than that in Group 2 (P<0.05), but less than 
that in Group 5 (P<0.05). 
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Fig.1 Behavioral tests for different groups
Group 1: no incision, baseline; Group 2: incision group,
pretreatment with 5 ml normal saline; Group 3: pretreat-
ment with 1 mg/kg tramadol; Group 4: pretreatment with
10 mg/kg tramadol; Group 5: pretreatment with 20 mg/kg
tramadol; Group 6: 10 mg/kg tramadol, postoperatively;
Group 7: pretreatment with 10 mg/kg tramadol, plus
200   μg/kg naloxone, postoperatively. Compared with
baseline level, *P<0.05, **P<0.01; Compared with incision
group, #P<0.05, ##P<0.01 
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Immune responses 
The immunostimulatory effect of tramadol was 

further confirmed by the increases of serum IL-6 and 
IL-2. Serum IL-6 levels were increased at 2 h after 
skin incision in Group 2, and reversed by tramadol 
pretreatment in a dose-dependent manner in Groups 4 
and 5 (compared with Group 2, P<0.05 and P<0.01, 
respectively) but not in Group 6 (Fig.2). The treat-
ment of tramadol after operation did not decrease the 
increased levels of IL-6 due to the incision (P>0.05). 
Attenuations of IL-6 production by tramadol pre-
treatment could not be reversed by naloxone in 
Group 7 (P>0.05). 

Compared with baseline levels in Group 1, 2 h 
after operation the IL-2 levels remained unchanged in 
Group 2, decreased significantly in Group 3 (P<0.05) 
and then returned to baseline in Groups 4 and 5 
(P>0.05, Fig.3). IL-2 levels were not elevated after 
the treatment with tramadol after operation. The ef-
fect of tramadol pretreatment on IL-2 was not re-
versed by naloxone (P>0.05). 
 
 
DISCUSSION AND CONCLUSION 
 

An experimental pain generated by plantar inci-
sion in the hind paw in a rat model may represent a 
useful model for surgical trauma. It has been clearly 
shown that allodynia and hyperalgesia to mechanical 
and thermal stimulations were achieved at maximum 
severity 2 h after surgery and lasted 2~4 d before 
spontaneous remission. The selected time point of 2 h 
postoperatively was found to be adequate for the 
assessment of analgesic drug properties on incisional 
pain (Brennan et al., 1996). 

In the current investigation, using the mechanical 
threshold to the paw of rat, we clearly demonstrated 
that tramadol was able to attenuate mechanical 
pain-related disorders caused by plantar incision in SD 
rats. The analgesic effect of tramadol results in the 
activation of both pain inhibiting systems: the opioid 
and the descending monoaminergic systems. However, 
the mechanisms of this incisional pain alleviating 
effect have not been clearly documented. According to 
Apaydin et al.(2000) and Sacerdote et al.(1997), three 
different doses were administered in rats to evaluate 
the effect of tramadol on nociception and immune 
systems, and they found that tramadol can produce 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

significant pain relief and suppress proinflammatory 
cytokine production like IL-6, but has no effect on 
IL-2 levels. 

 
Evaluation of the opioid component of tramadol 
on the present incisional pain model 

Many studies have indicated that opioids are 
effective for the treatment of postoperative pain and 
that incisional pain has been classified as opioid sen-
sitive (St A Stewart and Martin, 2003; Whiteside et 
al., 2004; Clark et al., 2007). In the present study, we 
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Fig.2  Serum IL-6 levels in different groups 
Group 1: no incision, baseline; Group 2: incision group,
pretreatment with 5 ml normal saline; Group 3: pretreat-
ment with 1 mg/kg tramadol; Group 4: pretreatment with
10 mg/kg tramadol; Group 5: pretreatment with 20 mg/kg
tramadol; Group 6: 10 mg/kg tramadol, postoperatively;
Group 7: pretreatment with 10 mg/kg tramadol, plus
200    μg/kg naloxone, postoperatively. Compared with
baseline level, *P<0.05, **P<0.01; Compared with incision
group, #P<0.05, ##P<0.01 
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Fig.3  Serum IL-2 levels in different groups 
Group 1: no incision, baseline; Group 2: incision group, 
pretreatment with 5 ml normal saline; Group 3: pretreat-
ment with 1 mg/kg tramadol; Group 4: pretreatment with 
10 mg/kg tramadol; Group 5: pretreatment with 20 mg/kg 
tramadol; Group 6: 10 mg/kg tramadol, postoperatively; 
Group 7: pretreatment with 10 mg/kg tramadol, plus 
200    μg/kg naloxone, postoperatively. Compared with 
baseline level, *P<0.05 
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found that the effect of tramadol was not completely 
blocked by 200 μg/kg opioid antagonist naloxone, 
suggesting that tramadol-induced antinociception 
may be partially mediated via opioid receptors.  

 
Evaluation of the non-opioid component of 
tramadol on the present incisional pain model 

Tramadol, in addition to its affinity to opioid 
receptors, inhibits the neuronal uptake of 5-HT 
(5-hydroxytryptamine) and NA (noradrenaline) 
(Berrocoso et al., 2007; Oliva et al., 2002; Reimann 
and Hennies, 1994). Because compounds known to 
block monoamine uptake potentially have the anti-
nociceptive effects of opioid including tramadol, the 
antinociceptive potency and profile of tramadol may 
derive from its combined opioid binding activity and 
inhibition of monoamine uptake (Sacerdote et al., 
1997). Tricyclic antidepressants have been also 
demonstrated to exhibit the modest activity against 
neuropathic pain after systemic administration due 
to monoamine reuptake inhibition (Lynch, 2001). 
There is evidence that, in tramadol, opioid and 
non-opioid mechanisms act synergistically with 
respect to analgesia. 

 
Modulation of cytokine production by tramadol 

The immune system and different cytokines 
could be influenced by surgery (Salo, 1992; Hensler 
et al., 1997). In previous studies, it has been shown 
that the increase in concentration of IL-6 correlates 
well with operating time, severity of sepsis, and 
clinical complications after surgery (Damas et al., 
1992). However, little is known about the IL-2 
changes in response to surgery. 

IL-6, along with its proinflammatory effects, is a 
sensitive and early marker of tissue damage, and its 
magnitude of elevation is directly related to the extent 
of surgical trauma (Nagahiro et al., 2001; Raeburn et 
al., 2002). Yim et al.(2000) found that plasma IL-6 
was elevated after conventional lobectomy for clini-
cal early-stage lung cancer. The present study shows 
that IL-6 increased significantly 2 h postoperatively 
in incision group. This may reflect the proinflamma-
tory activities in response to surgical trauma. 

IL-2 is a growth factor for T cells, NK cells, and 
lymphokine-activated killer cells (Raeburn et al., 
2002). In normal conditions, immunologic response 
does not show IL-2 within circulation. Previous 

studies showed that IL-2 inhibited nociceptive re-
sponses of spinal dorsal horn neurons (Song and 
Zhao, 2000). IL-2 also exerts notable analgesic effect 
in the peripheral nervous system (Song et al., 2002a). 
The present results also reveal that IL-2 remained 
unchanged postoperatively in Group 2, suggesting 
that surgical trauma alone does not affect the IL-2 
production. 

Tramadol has beneficial effects on immune 
functions, but has no effect on IL-6 level in clinical 
cases and the mechanism involved is not well dem-
onstrated. A wide literature has described the sup-
pressive effects of morphine and endogenous opioids 
on many immune functions due to the activation of 
central μ-opiate receptors, including lymphocyte 
proliferation, IL-2 production and NK activity 
(Manfredi et al., 1993; Peterson et al., 1993; Panerai 
et al., 1995). The present results suggest that tramadol 
has some beneficial effects on plantar incisional pain 
conditions in rats, e.g., suppression of IL-6 produc-
tion. Tramadol did not interfere with the IL-2 levels, 
although in low dose (1 mg/kg) it down-regulated the 
IL-2 production, suggesting that it may not attenuate, 
to some extent, an impaired immune response in 
plantar incision and clinically may have a beneficial 
role in immunomodulation after surgery in cancer 
patients (Song et al., 2002b). 

There is no direct evidence that opioids modu-
late IL-6 response to surgery, but it has been hy-
pothesized that alfentanil acts on opioid receptors, 
leading to a reduction in intracellular cyclic adenosine 
monophosphate which is associated with inhibition of 
IL-6 synthesis (McBride et al., 1996). The present 
results indicate that IL-6 levels were significantly 
increased 2 h after incision in Group 2 and reversed 
by tramadol in a dose-dependent manner. The at-
tenuations of IL-6 production by tramadol could not 
be significantly reversed by naloxone, suggesting that 
the serum IL-6 response could be influenced signifi-
cantly by tramadol. It is consistent with the fact that 
tramadol is a weak μ-opioid agonist (6000-fold less 
than morphine) (Raffa, 1996).  

Postoperative treatment with tramadol made the 
changes of IL-2 similar to low dose of tramadol pre-
treatment. The decrease of IL-2 production in Group 3 
treated with 1 mg/kg tramadol was due to insufficient 
pain relief or immunosuppression mediated via 
μ-receptor. This was confirmed by several experiments 
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(Sacerdote et al., 1997; 1999; Gaspani et al., 2002). It 
showed that IL-2 and morphine exerted similar ef-
fects in various aspects by decreasing intracellular 
adenosine 3',5'-cyclic phosphate (cAMP) content, 
modulating neuroendocrine activity, suppressing 
afferent sensory transmission and serving as Ca2+ 
channel blockers (Plata-Salamán and Ffrench-Mullen, 
1993; Song et al., 2002a). It also revealed that 
IL-2-induced antinociception is partially mediated by 
μ-opioid receptors (Song et al., 2002b). Therefore, the 
present findings suggest that the decrease in serum 
IL-2 with low dose of tramadol in rats partly con-
tributed to the affinity to μ-receptor of tramadol and 
postoperative depression in cell-mediated immune 
responses, but with higher dose the modulation of 
immunity would be obvious.  

Naloxone as a μ-opioid receptor antagonist has 
been found to interfere with some functions of IL-2 
(de Sarro and Nisticò, 1990). In the present study, 
naloxone markedly decreased tramadol-induced 
antinociception but did not affect the IL-6 and IL-2 
productions, suggesting the involvement of μ-opioid 
receptor in the process of antinociception but not the 
pro-inflammatory and anti-inflammatory actions. 
Therefore, it is suggested that some molecules in 
addition to μ-opioid receptors might be responsible 
for the antinociceptive effect of tramadol and cyto-
kine production.  

It is noteworthy that the antinociceptive effects 
of tramadol are mediated not only via an opioid 
mechanism, but also mainly via a separate, 
non-opioid mechanism, due to the inhibition of neu-
ronal uptake of noradrenaline and serotonin (Kayser 
et al., 1992; Raffa et al., 1992). Similarly, drugs 
which increase serotoninergic tone such as 
D-fenfluoramine (Clancy and Lorens, 1996) and 
fluoxetine (El-Nour et al., 2007), stimulate immune 
function in rodents. Also, in vitro, pretreatment with 
the selective serotonin reuptake inhibitor fluvoxamine, 
the relatively selective noradrenaline reuptake in-
hibitor reboxetine, or the non-selective monoaminer-
gic reuptake inhibitor imipramine, significantly in-
hibited the IFN (interferon)-γ-induced IL-6 and NO 
production in a dose-dependent manner in microglia 
(Maes, 2001). In depressed patients, prolonged 
treatment with antidepressants normalizes the sym-
tomes and reduces the increased serum IL-6 levels 
(Hashioka et al., 2007). Therefore, the activation of 

serotoninergic system might be involved in the im-
mune effects induced by the administration of 
tramadol. Further investigation is needed to evaluate 
the serotonergic mechanism involved in the analgesia 
of tramadol.  

Although the specific mechanism responsible 
for the effects of IL-6 and IL-2 on pain inhibition is 
unclear, several factors may contribute to our findings. 
First, the decrease of IL-2 production treated with low 
dose of tramadol may be due to its affinity to 
μ-receptor, while with higher dose the non-opioid 
mechanism may play a key role in immunomodula-
tion by tramadol. Second, the effects of tramadol on 
cytokine production may be mainly attributed to the 
intrinsic immunomodulatory properties of tramadol 
taken perioperatively, due to the serotonergic de-
scending inhibitory system, including the increase of 
the serotonergic tone that has been usually associated 
with stimulation of lymphocyte proliferation, increase 
of IL-2 production and decrease of IL-6 production, 
can help to attenuate postoperative immunosuppres-
sion (Sacerdote et al., 1997; 1999; 2000; Gaspani et 
al., 2002; Wang et al., 2003). In short, the antino-
ciceptive mechanism of tramadol combined with the 
opioid and serotonergic system may play an impor-
tant role in immune responses. 

In conclusion, intraperitoneal administration of 
tramadol can produce antinociceptive effects on in-
cisional pain in rats. Tramadol was associated with 
decreased IL-6 and unchanged IL-2 levels, suggesting 
that it may suppress the inflammation induced by 
incision and has a beneficial role in the modulation of 
IL-2 associated with cell-mediated immunity.  
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