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Abstract: Introduction: Pain management is a global challenge to clinicians. Pain relief has been put forward as an
ethical obligation of clinicians and fundamental human rights. The World Health Organization has disseminated
guidelines on pain management and advocated for the use of analgesics including opioid. Tissue injury or the
presence of foreign materials initiates a series of pathophysiological events that may manifest as inflammatory
pain.During inflammation response, several proinflammatory mediators are released, including IL-1, IL-6 and
TNFa. These cytokines play major roles in initiation and amplification of inflammatory process. It is possible
thatchoice of drug modulates beneficial immune response.It has been demonstrated that tramadol can contribute to
beneficial effects. As, compounds known to block monoamine uptake, potentially have the antinociceptive effects of
opioid including tramadol, the antinociception potency and profile of tramadol may derive from its combined opioid
binding activity and inhibition of monoamine uptake. Objective: Carried out to evaluate the involvement of
tramadol as effective analgesic on nociceptive thresholds at different dose levels (acute & chronic) and evaluate the
potential immunological effects of this drug by determining IL-1, IL-6 and TNFo.. Methods:152 male adult albino
rats, scheduled for, 1- Evaluation of the antinociceptive effect of tramadol, by using two different stimulation
tests(hot- plate&formalin tests) were applied to the groups subjected to the evaluation of antinociceptive activities of
tramadol at different dose levels (acute & chronic).2-plantar incision, rats were divided into three subgroups (n=8 in
each group). Rats in subgroup one, received anesthesia with no incision (sham control operation). Rats in subgroup
two, plantar incision, without tramadol treatment. Rats in subgroup three received tramadol (36mg/kg) after plantar
incision, as plantar incision induces heat hyperalgesia, heat hyperalgesia is assessed by measuring the heat threshold
of rats to heat stimulation, by applying radiant heat source to the middle of the incision. The selected time point of 2
hours postoperatively was found to be adequate for the assessment of analgesic drug properties on incisional pain.
Results: The latency period of rats subjected to hot-plate test was significantly decreasedwhereas, the number (no) of
licking and biting of lesion paw edema in group subjected to formalin test, was significantly increased.The
withdrawal latency period (W.L.P) of rat to heat stimulation,( which is applied to middle of the plantar incision using a
focused radiant heat source) was significantly decreased, on the other hand the cytokines production were significantly
elevated. These changes were reversed after tramadol treatment compared to control values. Conclusion:
Considering, analgesic and immunosuppressive effect, tramadol treatment may be a drug of choice for treatment of
acute and chronic pain particularly in patients with compromised immunity.
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1.Introduction Inflammation is a complex biological response

Pain is the oldest medical problem since the of the body to cell damage and vascularized tissue
origin of humanity and remains a global public health (Ferrero-Milianier al.,2007; Hussein et al,2012).
issue. Pain relief has been put forward as an ethical Once an inflammatory process begins, the
obligation of clinicians and fundamental human mechanisms that perpetuate and amplify it are seemed
rights. However, pain management is challenging, to involve an ongoing imbalance between pro-and
because the pathophysiology of pain is complex and, anti-inflammatory factors,central to this process are
not completely understood (Pergolizziet al.,2012). cytokines, particularly tumor necrosis factor (TNF-a)
The world health organization (WHO, 2000; 2012) (McColl, 2004). During an inflammatory responses,
has disseminated guidelines on pain management and several pro-inflammatory mediators are released,
advocated for the use of analgesics, including opioid. including interleukins, IL-1, IL-6, IL-12 and TNFa,
According to Rafati(2006) analgesics are among the as well as cylooxygenase-2 (Cox-2) (Mueller et al.,
most popular drugs abused. 2010) these cytokines play major roles in initiation

and amplification of inflammatory process (Colixtoet
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al., 2004). However, it can be pathogenic when it is
produced excessively (Xionget al,2000). Acute
inflammation is the body's primary response to
injurious stimuli (Gyurkovaskaet al.,2011).

Cytokines play a pivotal role in coordination of
immune responses (Gaspaniet al.,2002; Niemandet
al.,2003). Surgical trauma and anesthesia are
associated with a complex dysregulation of the
immune system and activation of  both
proinflammatory and anti-inflammatory responses
(Salo, 1992). Interleukins, IL-1, IL-6 and TNF-o 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). It is possible that choice of drug
modulates beneficial immune responses. It has been
demonstrated that tramadol can contribute to
beneficial effects on immune function. (Sacerdoteer
al.,1997; 1999; 2000).

Pain management is a global challenge to
clinicians and, despite the plethora of evidence based
guidelines; all analgesic options must be individually
assessed and weighed for specific risks and benefits
in a given patient.

Tramadol

Tramadol is a novel centrally, synthetic, analgesic
with both opioid and non-opioid mechanisms responsible
for its clinical effects. Structurally it is not an opiate, it
exhibits some opioid characteristics. Like opioid it binds
to mu (1) opioid receptors, although very weakly (Raffaer
al.,1992; Raffa, 2001). Clinically active tramadol is a
racemic mixture of two enantiomers, (+) tramadol
enantiomer and (—) tramadol enantiomer that have dual
and complementary mechanisms of action. The (+)
tramadol enantiomer is a selective agonist for the mu-
opioid receptors, and inhibits serotonin reuptake, whereas
the (-) tramadol enantiomer mainly inhibits
norepinephrine re-uptake, i.e. tramadol has weak agnostic
effect at mu-opioid receptors as well as inhibition of
monoamines reuptake (serotonin and norepinephrine)
(Faron-Géreckaer al.,2004). These are believed to
primarily contribute to its antinociceptive effects (Hara et
al.,2005). According to Berrocosoer al( 2007)
compounds known to block monoamine uptake,
potentially have the antinociceptive effects for opioid
including tramadol. Antinociceptive potency and profile
of tramadol may derive from its combined opioid binding
activity and inhibition of monoamine uptake (Sacerdoteet
al.,1997). Opioid analgesics are commonly used for the
treatment of both acute and chronic pain. Some studies
argued that they also cause suppression to immune system
(Clarcketal.,2007) and (Liu et al.,2008). In addition,
tramadol hydrochloride is one of the drugs that is used in
treatment of opiate withdrawal (Tamaskarer al.,2003)
and may be especially useful in outpatient detoxification
(Sobeet al.,2003). Tramadol is rapidly and almost
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completely absorbed with a peak blood concentration,
within 2 hours. (Pothiawala, 2011).

Tramadol has been established as adjunct to
non-steroidal  anti-inflammatory drugs in the
treatment of moderate post-operative pain (Le
Rouxand Coetzee,2000).

Objective of the current study: is to focus on
the applicability and efficacy of tramadol as effective
analgesic drug on nociceptive thresholds and on the
potential immunological effects. Thus, we examined
the nociceptive effect of tramadol, by using two
different stimulation tests and evaluate its effect on
proinflammatory responses by measuring cytokine
levels; IL-1, IL-6 and TNF-a in rat model.

2.Material and Methods
Animals and laboratory

A total of 152 male adult albino rats with initial
body weight ranging from 170-200 mg were used.

They were obtained from Breeding Unit of the

Egyptian Organization for Vaccine and Biological

Preparations. All rats were fed ad libitum with

standard diet and allowed free access of water and

housed under standard laboratory conditions. Animal
experimentations were carried out in an ethical
manner following guide lines for scientific research.

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, the floor was covered with clean
sawdust free from dirt as bedding material. The
sawdust was changed twice a week to keep the
animals dry throughout the period of the study and to
minimize the possibility of painful mechanical

stimulation. Using rats as animal models give us a

good opportunity to know the real effect of the given

drug.

Animals and experimental design

Rats were divided into 3 main groups

Group I: Control groups(n =56)have been always

kept in parallel with experimental groups and

subjected to simultaneous investigations.

Animals (controls) were divided into four subgroups.

e Subgroup one (n = 16): Controls for
antinociception evaluations of tramadol acute dose
group,8 rats for hot-plate test and8 rats for
formalin test. This was carried out by injecting
ratsintraperitoneal (i.p.) with normal saline 0.9%
in a dose corresponding to tramadol treated
groups.

e Subgroup two (n=16)Controls for antinociception
evaluations of tramadol chronic dose group, Eight
rats (8) for hot-plate test and eight rats (8 ) for
formalin test.
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o Subgroup three (n=16): controls for 96-h.
withdrawal group (8 rats for hot-plate test and8
rats for formalin test).

e Subgroup four (n = 8): Control for plantar
incisionand assessment of cytokines evaluation.
Animals received a sham operation that consists of
anesthesia 300mg/kg chloral hydrate (i.p.) and sterile
preparation of the hind paw without incision. Animals
were injected with normal saline 0.9% before sham
operation. (Brennan et al., 1996)

Group II: Tramadol injected groups (n = 72): They
were divided into three subdivided treated
groups:

e Subtreated group one: Tramadol acute dose
group (n = 16). Rats were injected (i.p.) with a
single dose of 300 mg/kg b.w of tramadol (LDs)
according to Matthiesener al.(1998). They were
tested for their nociceptive thresholds as
evidenced by evaluating the paw withdrawal
latency time (8 rats) (hote-plate test) and number
of licking and biting of lesion paw edema in
formalin test (8 rats).

o Subtreated group two :Tramadol chronic
administration groups ( n=48). To evaluate the
repeated increasing cumulative doses effect on
nociceptive response.. In these experiments,all
rats were injected i.p. with a single daily
therapeutic dose of 36 mg/kg tramadol for 7
consecutive days. On day 7, sixteen (16) rats were
selected and tested for their responses to heat
threshold;( 8) rats for withdrawal latencies in hot-
plate test and (8)rats for licking and biting of
lesion paw edema in formalin test. The dose was
increased to the double initial calculated
therapeutic dose 72 mg/kg tramadol. The
remaining rats were injected (i.p.) with a daily
dose of 72 mg/kg tramadol for another 7
consecutive days. On day 14™ sixteen rats were
selected and examined for their threshold
responses hot-plate and formalin tests. The
remaining sixteen rats were injected i.p. with 3
folds of the initial calculated therapeutic dose for
another 7 consecutive days, then on day 21%, rats
were tested for their nociception threshold. At the
end of each experimental period (7, 14, 21 days),
rats were tested for the latencies to a discomfort
reaction; the prolongation of the latency periods
were recorded in hot-plate tested group and
nociceptive responses; licking & biting paw
edema were estimated for a period of 30 min.
during formalin test. The duration period was
chosen according to period previously adopted by
several investigates that ranged from single dose
up to 21 days, (Faron-Goreckaet al.,2004;
Filipet al.,2004; Aticiet al.,, 2004 and Sepulveda
et al.,2004).
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Subtreated group III (n = 16). 96-hr. Withdrawal

group.

In this experiment, rats (16) were injected

i.p. with a single daily therapeutic dose of tramadol

for 21 consecutive days. Rats were kept with no drug

treatment over a withdrawal time of 96-h after the last
given dose. Rats were tested for their nociceptive
responses as previously described. (Sepulveda ef al.,

2004).

Group III: Plantar incision group and assessment
of cytokines production (n=16): Eight rats for
plantar incision group,andeight rats received
tramadol after incision.

Drug under investigation; Tramadol hydrochloride
ampoules, October pharma. Product S.A.
Tramadol was used, because it is among the
most commonly abused drug.

Dosage: All the tested doses, however, were mainly
attributed to the recorded therapeutic dose of
the drug. In the present experimental
investigation, the adopted experimental dose
level has been calculated as equivalent of
human therapeutic dose according to Paget
and Barnes equation, (1964)and Samaka
calculation, (2012) the therapeutic dose for rat
weighting 200 gm. was 7.2mg.

Methods and techniques

Experimental  procedures: for

threshold’s evaluation, includes two tests:

e Hot-plate test. The temperature of metal surface
was maintained at 50°C. Latency to a discomfort
reaction was determined before and after the drug
administration. The cut- off time was 50 sec.
According to Tayebier al.(2008) with some
modification.

o Formalin test. Formalin test is used previously by
Hunskaarer al.(1985) with slight modification
(Takeshita and Yamaguchi, 1995). Each rat was
placed in an observed chamber 5 minutes before
the injection of dilute formalin to allow
acclimation to the new environment. Ten milliliter
of 1% formaldehyde in saline were administered
into the left hind paw with a micro syringe. Each
animal was then returned to the observation
chamber, and nociceptive response was recorded
for a period 30 min according to Tayebiet
al.(2008) with some modification.

Plantar incision procedure

According to Brennan ef al(1996), rats were
anesthetized intraperitoneally (i.p.)with 300 mg/kg

Choral hydrat, a 1 cm longitudinal incision was made

through skin and fascia of the planter aspect of the left

hind paw including the underlying muscles. The skin
was sewed up with two mattress sutures and the wound
was covered with iodine. Heat hyperalgesia is assessed
by measuring withdrawal latency of rats to heat

nociceptive
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stimulation which is applied to middle of incision using
a focused radiant heat source (Zahn and Brennan,
1999). At the end of the previous experiments, rats were
sacrificed quickly with the least disturbance by fast
decapitation. Rats received anesthesia without incision
was used as baseline. All blood samples were
centrifuged at 1500 g (3000 rpm)for 10 min. and the
separated sera was stored at-20 until use.

Measurement of IL-1, IL-6, and TNFa.

By enzyme-linked immunosorbent assay
(ELISA). Serum IL-1, IL-6, and TNF-a levels were
measured by using a rat specific ELISA kit. (IBL-
International GmbH, Hamburg Germany) following the
manufacturer's protocol.

Data analysis

Data were presented as mean + SE. Data were
analyzed using the computer program of SPSS. All
statements of significance were based on probability of
P<0.05 was considered to be significant.

3.Results
The current study has been conducted to give
aninformationabout the antinociceptive effects

accompanying either acute or chronic administration
of tramadol in a mammalian experimental model as
well as, its immunosuppressiveeffects by measuring
pro-inflammatory cytokines, IL-1, IL-6, and TNF-o.
Rats repeatedly given tramadol for a long period of
time at different dose levels, showed obvious gain in
body weight. In addition, at the higher tested doses,
some of the injected rats displayed noticeable
behavioral neurotoxicological changes as excitation
and disturbances of the locomotors changes as
excitation and disturbances of the locomotors activity.
Tramadol antinociception evaluation tests

The effect of tramadol on the thermal
hyperalgesia were assessed by measuring paw
withdrawal latency (P.W.L.) in the rat model by:

a- Hot-plate-test (latency time).

b- Formalin test (number of licking and biting).
Effect of Acute dose of tramadol, 300mg/Kg
(LDso).

As illustrated in (Table 1 & Figure 1) a
significant increase in the mean latency time (hot-
plate group) p<0.05, the mean values were 7.25 +
1.04 and 37.0+1.85 for control and tramadol treated
groups respectively.On the other hand, the number of
licking and biting of lesion paw edema were
significantly decreased 25.13+2.70 after tramadol
treatment as compared to control value 79.50+13.33
p<0.05.

Cumulative effect of increasing tramadol doses of
either withdrawal latency time (hot plate- test) and
no. of licking& biting (formalin- test)

As regards, the cumulative increasing tramadol
doses 36, 75 and 150mg/kg b.w.(Table 2 &Figure 2).
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The data recorded on the 7™ day of tramadol
administration showed significant increase p< 0.05 in
latency time, the mean values were (7.63+0.52) and
(31.50+1.93) for control and tramadol treated groups
respectively, followed by another significant increase
on the day 14™p< 0.05with mean (39.0+0.93)
compared to the day 7™ (31.50+1.93) and control
value(7.63+0.52). On the day 21, the data obtained
showed insignificant change in the paw latency time
compared to that of day 7" and day 14" of drug
administration, but there was significant increase in
the paw latency time when comparing the 21* group
(150mg/kg) with that of control group.The mean
values were (7.63+0.52 and 22.62 + 2.0)for control
and tramadol on day 21" respectively. Concerning,
the data of the formalin test group, the same
patternwas recorded as hot-plate test group.

As regards, to the withdrawal effect of tramadol,
96-hours withdrawal after the last given tramadol
administration (Table 3 & Figure 3), the data obtained
on day21* showed significant increase in the latency
period of hot-plate tested group (34.63+1.41) after
21consecutive daily intraperitoneal injections of
36mg/kg tramadol compared to control group
(8.0+£0.76). On contrast, 96 —hours withdrawal after
last administration, showed significantly decrease in
the latency time (3.38+0.52) compared to the day
21%( 34.63£1.41) and control ((8.0£0.76) values.
Formalin test withdrawal group,

The data recorded on day 21% showed significant
decrease in the number of licking & biting with mean
(51.0 £2.62)compared to control group (82.75+2.12).
In contrast, the 96-hours withdrawal period showed
significantly increase in the number of licking
&biting (116.88+9.11) compared to control group
(82.75+ 2.12).
Plantar- incision hyperalgesia evaluation.

As regards heat hyperalgesia (Table 4&
Figure 4). Thewithdrawal latencies for heat responses
on plantar incision group showed significant decrease
(»<0.05) with mean (2.88+0.35) compared to control
value (7.38+£0.52). Concerning tramadol treated
plantar incision group, the recorded results showed
significant increase (p<0.05) in withdrawal latency
period (15.38+1.41) compared to both plantar incision
group before tramadol administration (2.8840.35) and
control group (7.38+0.52).
Cytokines evaluation

Cytokines production were estimated 2hr- after
plantar incision; IL-1, IL-6, and TNF-a.(Table 5 &
Figure 5). The present results, showed significant
increase in the levels of these cytokines production of
plantar incision groups (43.58+2.14, 108.38+8.33,
and 505.25£11.67 as compared to control groups
(10.65+0.49,41.01+0.86, and105.50+3.89)
respectively. Cytokines production after Tramadol-
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administration, showed significant decrease in the cytokines in the plantar incision group before
levels of IL-1(13.90+1.56), IL-6 (41.83+1.72), and tramadol administration (43.58+2.14, 108.38+8.33,
TNF-o (163.63+£19.41) compared to the level of and 505.25+11.67) respectively.

Table (1): Effect of acute dose of tramadol 300mg/kg (LDsy) of either paw withdrawal latency period (sec)(

hot-plate test) and no. of licking & biting (formalin test).
Parameter Control Tramadol
(300 mg/kg)
Mean paw latency period (sec) 7.25+1.04 37.0+ 1.85*%
(Hot- platetest)
Mean no. of licking & biting (Formalin test) 79.50+13.33 25.13 £2.70*
*: Statistically significant at p < 0.05
100
80
60 ——  mControl
40
20
0 .
Mean latency period Mean of licking & biting
(sec) (Hot plate-test) (Formalin test)

Figure (1): Effect of acute dose of tramadol 300mg/kg (LDsj) on either paw withdrawal latency period (sec) and no.
of licking & biting.

Table (2): Cumulative effect of increasing tramadol doses of either paw withdrawal latency period (sec)
(hot-plate test) and no. of licking & biting (formalin-test)

Parameter Control 36 mg/7 tll<lg, day 75 mg1/4lfﬁg, day 150 mg/1 !fg, day

7.63+0.52 31.50% + 1.93* 39.0% +(.93* 22.62%¢ +2.0%

Mean latency period (sec)
(Hot- platetest)
Mean no. of licking & biting.
(Formalin test)
a: significant with control groupb: significant with 36mg/kgc; significant with 75 mg/kg
*: Statistically significant at p < 0.05

91.13 £1.55 29.75 %+ 1.28* 45.63% +£3.34* 51.75 °1.28*

100 -

90 = Control

80 w36 mg/ kg
075 mgl kg

70 1 @150 mg/ kg

60 -

50 -

40 -

AN\

%

i\

Mean latency period (sec) (Hot Mean of licking & biting.
plate-test) (Formalin test)

Figure (2): Cumulative effect of increasing tramadol doses 36,75, and 150mg/Kg on either paw latency period (hot-
pate test) and no. of licking & biting (formalintest) on days.7, 14, and 21.
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Table (3):Effect of tramadol administrations for 21 consecutive days and 96- hr. withdrawal effect on either
withdrawal latency period (sec) (hot-pate test) and no. of licking & biting (formalin-test).

Parameter Withdrawal at 96
Control Day 21 hours post last dose
Mean latency period (sec) 8.0+ 076 34.63 %41 41% 338 4 () 5%
(Hot plate-test) ] ) ' ) ) )
Mean of licking & biting. 8275 2.12 51.0*£2.62* 116.88 £ 9.11*

(Formalin test)
a: significant with control groupb: significant with day21c; significant withdrawal at 96 hours post last dose
*: Statistically significant at p < 0.05

140 -

m Control
120 -

@ Day 21 Q
100 & withdrawal at 96 hours

postlast dose
80 1 \
60 §
20 \
.l ﬁ N
Mean latency period (sec) Mean of licking & biting.

Figure (3): Effect of tramadol administrations for 21 consecutive days and 96- hr. withdrawal effect of either
withdrawal latency period (hot-pate test) and no. of licking & biting (formalin-test).

Table (4): Effect of tramadol on thermal hyperalgesia accompanying plantar incision

Plantar incision Plantar incision +
Parameter Control
group tramadol group
Thermal threshold (sec.) 7.38+0.52 2.88"+0.35*% 1538 + 1.41*

a: significant with control groupb: significant with incision group
*: Statistically significant at p < 0.05

18 -

B Control
16 -
14 4 3 Plantar incision group w
12 M Plantar incision + tramadol
T group

10 -

8 \
6

4 \
N N

Thermal threshold (sec.)

Figure (4): Effect of tramadol on thermal hyperalgesia accompanying plantar incision.
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Table (5): Levels of cytokines production in paw plantar incision before and after tramadol treatment

Plantar incision Plantar incision +
Parameter Control
(group) tramadol (group)
IL-1 pg/ml 10.65+0.49 43.58*+£2.14* 13.90 + 1.56*
IL-6 pg/ml 41.01 £0.86 108.38* £ 8.33 41.83% +1.72%
TNF-a pg/ml 105.50+ 3.89 505.25*+11.67 163.63™ £ 19.41*

a: significant with control groupb: significant with incision group

*: Statistically significant at p< 0.05

600 -

500 - H Control

M Plantar incision (group)

400 - ™ Plantar incision + tramadol (group)

IL-1 pg/ml

IL-6 pg/ml

TNF-a pg/ml

Figure (5):Levels of cytokines production in paw plantar incision before and after tramadol treatment

4.Discussion

In the current study the response of nociceptive
thresholds towards tramadol at different dose levels
and selected time periods was investigated. Moreover,
the present investigation focuses on the
immunological changes accompanying tramadol
treatment after surgical trauma induced by plantar
incisional operation. Also, throws some light on the
influence of the withdrawal period on nociceptive
threshold in a mammalian experimental model.

Tramadol hydrochloride is a centrally acting
analgesic with a partial affinity for the opiate receptor
(w), having analgesic potency estimated to the one
tenth that of morphine (Raphael et al.,2000).

Tramadol has been established as adjunct to
non-steroidal  anti-inflammatory drugs in the
treatment of moderate post-operative pain ( Le Roux
and Coetzee, 2000).

Regarding, the acute single dose of tramadol
administration 300 mg/kg (LDsp) as evaluation of
tramadol antinociceptive activity using hot-plate test.
The statistical analysis of the present result, showed
significant prolongation in the mean paw withdrawal
latency period p<0.05. In addition, within tramadol-
treated formalin group significant decreases were
detected on comparing the number of licking and
biting of lesion paw edema with that of control value
p <0.05. According to Hara et al(2005) and
Berrocosoer al.(2007), it is known that tramadol
binds to mu-opioid receptors with low affinity and
inhibits reuptake of mono-amines (serotonin and
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norepinephrine) in the central nervous system. These
are believed to primary contribute to its
antinociceptive effects. Another explanation is
through the proposed increased turnover of serotonin
by the increase serotonin availability to potentiate
analgesia then, depletes the neuron (Aticiet al.,2004).
As regards, the effect of cumulative increase
doses of tramadol (36, 72, 150 mg/kg body weight),
the data recorded over the 7" and 14™ days of daily
drug administration, showed significant prolongation
in the mean withdrawal time among the group of hot-
plate test. A significant decreases in the no. of
lickingand bitingof paw were recorded as compared
to normal value. On the other hand, data recorded on
day 21* of daily drug administration, did not induce
remarkable changes in the nociceptive threshold in
hot-plate animals group and no. of licking and biting
paw in formalin animals group as compared to day 7"
and day 14", whereas, significant changes were
reported as compared with control value. This can be
attributed to the fact that, the long-term use of opioids
can however, result tolerance and dependence. There
are numbers of studies linking acute receptor
desensitization to tolerance and dependence (Bohn et
al.,2000; Ueda et al.,2001),receptor desensitization
encompasses series of events leading to loss of
receptors function. Furthermore, the significant
changes of the studied parameters after chronic
administration of tramadol in either 36 mg/kg dose
level or incremental dose to 72 mg/kg, may be
explained through the serotonin type 2c- receptor
subtypes that implicated in many important effects of
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serotonin including pain. Ogata et al.(2004)
Suggested that tramadol inhibits the serotonin 2c-
receptor function and the mechanism of this
inhibitory effect seems to involve competitive
displacement of the serotonin binding to the 2c-
receptor. Another explanation is through the proposed
increased turnovers of serotonin to increase serotonin
availability to potentiate analgesia, then depletes the
neurons.The pathological results of Aticier al.(2004)
confirmed the neuron degenerative effect of the
incremental doses of tramadol which probable
contributes to the rat cerebral dysfunction. In
addition, Burkeyet al.(1999) Provided evidence for
an antinociceptive effect of dopamine in the rat
cerebral cortex that mediated through descending
nociceptive inhibition of spinal neurons suggesting
that dopamine acts tonically in the cortex to inhibit
nociception.

In addition, along the same line within tramadol —
treated withdrawal group for 21 consecutive days and 96-
hours withdrawal period, there was significant reduced
changes in the mean withdrawal latencies period and
increases in the no. of licking and billing of the lesion
pawas compared to their values on the day 21% and
control group p< 0.05. It is known that opiate abuse exerts
adaptive changes in brain functions, including many
aspects of neuro-transmission. The results of the present
investigation concerning withdrawal period, showed the
excitatory effect in that period through the highly
decreased in the mean paw latency time and increased no.
of licking and biting. This can be explained in view that,
the excitatory effect in that period may be due to the
elevation of excitatory amino acids such as glutamic and
aspartic acids level which comes in accordance with
Sepulveda et al.(2004) who reported that opiate abuse
exerts extensive changes in brain function including
excitatory neurotransmission, also could be expression of
new adjustments in central nervous system
neurotransmission after descentinvasion of the chronic
administration of the drug. Moreover, according to
Lavioletteet al.(2004) the functional conduction of the rat
GABA-A receptor switched from an inhibitory to an
excitatory signaling mode due to tolerance and subsequent
withdrawal.

Additional  explanation of the reduced
withdrawal latency period(W.L.P) and increases no.
of licking and bites among the rats in 96- hours
withdrawal group, may also, explain through the
dopaminergic neurons of the chronically treated rats
secem to depend on continuous tramadol
administration for their normal functioning. This is in
line with earlier study, Attila and Ahtee (1984)
reporting that dopaminergic neurons of the
chronically treated rats seem to depend on continuous
morphine administration for their normal functioning
and confirmed the dysregulation of noradrenergic
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transmission by morphine. Moreover, earlier studies,
also, showed that repeated exposure of rats to
morphine and other drugs of abuse induces an
increase in the reactivity of nerve terminals during
withdrawal, enhancing the exocytotic release of
various neurotransmitters, including dopamine
(Heidbrederet al.,1996) andnorepinephrine. These
neuro-adaptations are through wunderline the
persistence of drug-induced behavioral sensitization
(Vanderschuren and Kalivas,2000).

Heat hyperalgesia induced by plantar incision

Heat hyperalgesia is assessed by measuring paw
withdrawal latency of rats to heat stimulation,which is
applied to the middle of incision using a focused
radiant heat source ( Zahn and Brennan, 1999).
Variety of pharmacological studies have been
performed to validate the pain related behaviors
induced by plantar incision.. Clinical studies show
that extent of muscle rather than skin injury
influences the magnitude of pain at rest after surgery(
Ogonda et al.et al,2005; Dorr et al,2007 ;
Martinez et al.,2007).

It has been clearly shown that hyperalgesia to
thermal stimulation were achieved at maximum
severity 2 hours after surgery and lasted for 2 - 4 days
before spontaneous remission. The selected time
period of 2 hours post-operation was found to be
adequate for the assessment of analgesic drug
properties on incisional pain (Bernnan ete? al.,1996).
According to Liu et al.(2008) pain generated by
plantar incision in the hind paw in rat model may
present a useful model for surgical trauma. In the
present study using thermal threshold to plantar
incision in rat model, the data recorded for pain
threshold before incisional operation, did not show
any significant differences between the hind paws
among all rats in control group. After surgical
procedure, a significant prolongation in the time
released to response to the thermal stimulation after
tramadol administration (p< 0.05).

This analgesic effect of tramadol, can be
attributed to the activation of both pain inhibiting
systems; the opioid and mono-aminergic systems.
Also, because compound known to block mono-
amine uptake potentially have the antinociceptive
effects of opioid including tramadol, the
antinociecptive potency and profile of tramadol may
derive from its combined opioid binding activity and
inhibitions of monoamine uptake (Sacerdoteet
al.,1997). In conclusion, tramadol exerts its
anaolgesic effect by inhibiting the re-uptake of
serotonin and norepinephrine, as well as by weak
opioid receptor agonist.



Journal of American Science 2013;9(9)

http://www.jofamericanscience.org

Modulation of cytokines production by tramadol
after surgical trauma

Based on the problematic issue, and because the
fluctuations in the level of cytokines production are
rapid and inconsistent, its difficult to provide a
consent explanation for the changes observed here in
for each cytokine individually.

Tissue injury or the presence of foreign material
initiates a series of pathophysiological events that
characteristics of the initiating factor trigger the
release of a unique range of pain mediators that
control the threshold and activation of nociceptors
(Ferreira, 1993). The immune system and different
cytokines could be influenced by surgery ( Salo,1992;
Hensleret al,1997) IL-6, along with its pro-
inflammatory effects, is a sensitive and early marker
of tissue damage( Nagahiroet al.,2001; Raeburn et
al.,2002). The recorded data indicated that, IL-1, IL-6
and TNF-a were significantly increased 2 hours post
incision and reversed by tramadol. Therefore, it is
suggested that some molecules in addition to mu-
opioid receptors might be responsible for the
antinociceptive effect of tramadol and cytokine
production.

Moreover, the antinociceptive effects of
tramadol are mediated not only via an opioid
mechanism, but also, mainly via a separate non-
opioid mechanism, due to a the inhibition of neuronal
uptake of nor epinephrine and serotonin (Kayseret
al., 1992; Raffaer al, 1992). Furthermore, in
depressed patients, prolonged treatment with
antidepressants normalized the symptoms and reduces
the increased serum IL-6 levels (Hashiokaer
al.,2007). Therefore, the activation of serotonergic
system might be involved in the immune effects
induced by the administration of tramadol. The non-
opioid mechanism may play a key role in
immunomodulation by tramadol.The effects of
tramadol on cytokine production may be mainly
attributed to intrinsic immunomodulatory properties
of tramadol due to the serotonergic descending
inhibitory system, SThe decrease of IL-6 production
after administration of tramadol, can help to attenuate
postoperative  immunosuppression  (Sacerdoteet
al.,1997; 1999; 2000; Gaspaniet al.,2002 and Wang
et al.,2003 ).

In summary, the antinociceptive mechanism of
tramadol combined with the opioid and serotonergic
system may play an important role in immune
responses. Moreover, tramadol was associated with
decreased IL-1, IL-6 and TNF-a levels, suggesting
that it may suppress the inflammation induced by
incision.
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Conclusion

Considering analgesic and immunosuppressive
effects, tramadol treatment may be a good choice for
treatment of acute and chronic pain. It is important to
consider tramadol’s ability to inhibit serotonin re-
uptake when prescripting the drug for patients already
taking drugs with serotonergic activity. It is possible
that subject stabilized on selective serotonin re-uptake
inhibitor SSRIs or other antidepressants could be
susceptible to developing serotonin toxicity upon
starting tramadol therapy. Also, tramadol dosage
should be adjusted according to the severity of pain.
Moreover, with the increasing use of tramadol for
pain control, it is important for physicians to be aware
of its potentially lethal side effects, particularly if
consumed or prescripted in appropriately large dose.
Although lower as compared to other opioids,
tramadol has a potential for physical and
psychological dependence. finally, tramadol exerts its
analgesic effects through inhibiting the re-uptake of
serotonin and norepinephrine and also, by weak
opioid receptor agonist.
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