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Abstract:

Background: The aim of present study was to investigate the antinociceptive effect of pregabalin and tramadol either alone and or in
combination on acute model of pain.
Methods: The antinociceptive effect of intraperitoneal administration of pregabalin (1 to 400 mg/kg) and tramadol (10 to 80 mg/kg)
or combination of them were measured after 30 and 60 min on hot-plate in terms of maximum possible effect (%MPE) in mice.
Results: Antinociceptive effect rose significantly for both pregabalin at doses 200 and 400 mg/kg and tramadol from 20 to 80 mg/kg
in dose dependent manner. From linear equation the doses that increased antinociceptive effect by 50% (ED50) were 69 ± 8.2 mg/kg
for tramadol and 246 ± 24 mg/kg for pregabalin. Unlike pregabalin, %MPE30 (at 30th min) of tramadol was significantly higher than
its %MPE60. The interaction after co-administration of non analgesic dose of 10 mg/kg of pregabalin with low analgesic dose of
30 mg/kg of tramadol resulted super-additive and %MPE30 and %MPE60 were increased compared to each drug alone. In all other
combination groups, the interaction were sub-additive particularly when non analgesic doses of each drug (10 mg/kg) were co-
administrated and %MPE was decreased significantly compared to that of each drug alone.
Conclusion: Pregabalin revealed a comparative antinociceptive effect as similar to tramadol in acute model of pain, but interaction
between these two drugs depends highly on their proportion in the combination. The analgesia may increase but adverse effects such
as seizurogenic effect of tramadol can be reduced in clinical setting if right proportion is used. More studies are required to under-
stand the mechanisms and clinical implication of such combinations.
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Introduction

Pain complaints account for the most prevalent symp-
tom that requires development of new analgesics or
combination of them. Combination of rational analge-
sics not only leads to enhanced pain relief and re-
duced side effects but also it can deal with multiplic-

ity of pain mechanism. Since there is no single pain
pathway or pain transmitter, the combination of anal-
gesics by the variety of drug mechanism produces the
highest degree of pain relief using the lowest doses of
each drug [35].

Tramadol is an effective analgesic used widely in
moderate to severe pain treatment. It is classified as
a weak atypical opioid. Besides activation of µ opioid
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receptor, tramadol inhibits reuptake of serotonin and
norepinephrin [14, 21]. Unlike morphine, tramadol
does not produce significant respiratory depression
and has low potential for abuse and dependence [15].
Therefore, its prescription after banding injectable di-
clofenac in Iran has been increased exponentially in
expense of its rare adverse effects as seizure which
occurred also with recommended doses [40].

Gabapentinoids, the third generation of anticonvul-
sants, are recently proposed as analgesics or adjuvant
in pain management [9, 22, 23]. In clinical setting,
both pregabalin and gabapentin were administered
alone or combined in treatment of acute and chronic
pain including inflammatory, visceral, neuropathic
and postoperative pain [3, 8, 9, 16]. However, prega-
balin is considered more effective in difficult pain
management associated with stress [16, 22]. In this re-
gard, it has been recognized as a leading approved
drug for fibromyalgia [44]. Apart from higher anti-
convulsant and analgesic action of pregabalin com-
pared to gabapentin (prototype), the most challenging
and adversative effects that were associated with
pregabalin was identified as dizziness and somno-
lence [16, 44]. Pregabalin as adjuvant was also used
with different classes of analgesics in acute pain phar-
macotherapy. It enhances the action of naproxen to re-
verse hyperalgesia as well as action of celecoxib to re-
duce the low back pain [19, 38].

Several clinical and experimental studies reported
the action of gabapentinods in reducing the acute pain
where opioids are also required as combination ther-
apy but the interaction with tramadol has not been in-
vestigated yet [7, 8, 27, 28, 34]. Concerning their
pharmacokinetic profile, both tramadol and prega-
balin cross blood brain barrier and have adequate vol-
ume of distribution [13]. Tramadol with Tmax of about
two hours, binds to plasma protein and is metabolized
in liver by inducible cytochrome P4502D6 [15, 21]
while pregabalin with Tmax of about one hour has neg-
ligible metabolism and does not bind to plasma pro-
tein. Therefore, combination of these two drugs might
dramatically reduce the chance of drug interaction.

Considering the widespread usage of tramadol, sat-
isfactory pharmacokinetic profile of pregabalin and
the compensatory side effects of these two drugs, we
sought to determine the antinociceptive effect of
pregabalin alone and its interaction with tramadol in
acute model of pain.

Materials and Methods

Animals

The experiments were performed on 140 adult male
NMRI mice (weighing 25–35 g). Animals were housed
in four or five mice per cage under a controlled tem-
perature (22 ± 2°C) with a 12-h light-dark cycle and
with access to food and water ad libitum. All experi-
ments were performed on light cycle between 11:00 a.m.
and 4:00 p.m. All animals were used only for one pro-
cedure and were killed under anesthesia after accom-
plishment of the experiment. Animal care was con-
formed to the guidelines on the study of pain in
awaken animals established by association for study
of pain. Obviously, all efforts were applied to mini-
mize animal suffering and to reduce the number of
necessary mice. The protocol was approved by ethical
committee of Kerman University of Medical Sciences
(90/141). Mice were allowed to adapt to the testing
environment for at least 3 h prior to any treatment and
were weighed on the day of the experiment for the
drug dosage calculations.

Drugs

The consumed drugs in these experiments were:
pregabalin (Hetero Drugs Limited, India) and trama-
dol (Kamud Drugs, India). All drugs were freshly dis-
solved in normal saline and were injected intraperito-
neally (ip). The control group received only normal
saline. All injections were at volume of 0.1 ml/10 g
weight of mice.

Antinociception measurement

The hot-plate test was practiced to assess the antino-
ciceptive effect by measuring the response latency.
The testing device was consisted of an electrically
heated surface and an open Plexiglas tube (30 cm high
and 20 cm diameter) to keep the animals. The heated
surface was maintained at 55 ± 0.5°C. Each animal
was smoothly placed on the hot-plate. The time spent
for each mouse to give indication of feeling pain such
as lifting or licking his hind or front paw, or jumping
out of the cylinder, which occurs very rarely, was
measured as hot-plate latency time in seconds.

The animals were allowed to habituate to labora-
tory surroundings and the investigator was blinded to
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the injected drug. Each animal was tested at least
twice before experiment for control reaction time.
Those animals showing reaction time greater than 8 s
were excluded from subsequent test. So the predrug
latencies were between 2 and 4 s. The remnant mice
were randomly assigned to experimental groups of at
least six mice. The latency time more than 15 s was
considered as a cut-off point to prevent any damage to
animals. The latency times were determined once be-
fore and at 30th and 60th min after drug or normal sa-
line injection.

Antinociception was quantified as percentage of
maximal possible effect (%MPE):

%MPE = [(T1 – T0)/ T2 – T0)] × 100

where T0 and T1 were the hot-plate latencies before
and after drug administration, and T2 was cut-off time.

Procedure

Twelve group of treated animals (6 mice for each
dose) received tramadol and pregabalin at doses of
10 to 80 mg/kg and 1 to 400 mg/kg (ip), respectively,
to asses the antinociceptive effect of each drug in
hot-plate while control group received only normal
saline. Since tramadol showed the peak effect at 30th

min and pregabalin at 60th after intraperitoneal injec-
tion in the pilot study, therefore both %MPE30 and
%MPE60 were measured for comparisons. The evalua-
tion of interaction of co-administration of two drugs
was revealed by injecting 50, 30 and 10 mg/kg (ip) of
tramadol with sub-analgesic dose of pregabalin (10
and 30 mg/kg). Subsequently, the comparison of
%MPE of combination group with control or each
drug alone showed antinociceptive effect of co-
administration.

To determine the ED50 (estimated dose that pro-
duce 50% of antinociceptive effect) of each drug, the
dose-response relationship between doses and their
effects was calculated. Meaning, the doses were plot-
ted on x-axis of the Cartesian system of coordinate
while the corresponding %MPE was plotted on y-axis
and both values were analyzed with least-square lin-
ear regression analysis according to Motulsky and
Christopoulos [30].

Tallarida combined two drugs (a) and (b) and in-
vestigated their interaction based on statistical analy-
sis [41]. When doses za and zb of these drugs in a mix-
ture (za + zb) were used, the effect produced was the
same if any of the drugs (a) or (b) was given on its

own at fixed and calculated doses (Za*) or (Zb*). Za*
or Zb* could correspond to 50% or 30% or any other
percentage of antinociceptive effect defined as ED50
or ED10. Subsequently, the interaction in combination
of (za + zb) is additive if za / Za* + zb / Zb* = 1. If this
value is less than 1 the interaction is super-additive or
synergism and if it is more than 1 is sub-additive or
antagonism.

In our study, the antinociceptive effect of the mix-
ture (za + zb) in terms of %MPE was measured di-
rectly, while the corresponding dose of each drug (Za*
and Zb*) that produced the same effect was calculated
using respective equation of linear regression and the
type of interaction was determined according to the
method above.

Statistical analysis

All results were stated as the mean ± standard error of
mean (SEM) of six mice. One way analysis of the vari-
ance (ANOVA) or Kruskal-Wallis (its non-parametric
equivalent), followed by Tukey or Student-Newman-
Keuls post-hoc test were used to evaluate the signifi-
cant difference of %MPE among the treated groups.
The pair T-test was used for comparison between
%MPE30 and %MPE60 in each group. To deal with
multiple comparisons, the number of mice in control
group was 24. Statistical analysis was done using
SPSS software version 11.5 (Chicago, Illinois, USA).
ED50 values with 95% confidence interval and re-
spective equation were calculated by unweighted least
squares linear regression using GraphPad Prism 5
(GraphPad Software Inc., San Diego, CA, USA).
A value of p < 0.05 was considered to be statistically
significant.

Results

Antinociceptive activity of tramadol

In hot-plate test, ip injection of tramadol at doses of
10 to 80 mg/kg produced antinociceptive effect in
dose dependent manner after 30 and/or 60 min in
terms of %MPE. %MPE30 of doses 20 to 80 mg/kg
were increased significantly compared to that of con-
trol group (p < 0.005). Newman-Keuls multiple com-
parisons indicated no difference of %MPE between
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10 and 20 mg/kg, also among 20, 30, 40 and 50 mg/kg
of tramadol. %MPE30 of 80 mg/kg which achieved
(82.6 ± 16.4)% of antinociception was increased com-
pared to all other doses of tramadol (p < 0.005) (Fig. 1).
Grounded on dose-response relationship of %MPE30,
the equation of linear regression was: y = 0.984x + 3.621;
r2 = 0.989 and ED50 was equaled to 47.14 mg/kg.

%MPE of the same doses measured in 60th min
achieved lower level of antinociception, however, for
doses 40 and 80 mg/kg the difference between %MPE60
and %MPE30 was significantly different (p < 0.05).
Dose dependent relationship was also observed for
%MPE60 (Fig. 1), and maximum value of antinocicep-
tion was 59.12 ± 10.53% achieved at 80 mg/kg. The
calculated ED50 based on linear regression was 60.8 to
81.1 mg/kg, r2 = 0.978 (Fig. 2). In comparison to con-
trol group, %MPE60 of 30 to 80 mg/kg of tramadol
was significantly increased (p < 0.05 for 30 and
40 mg/kg; p < 0.005 for 50 and 80 mg/kg).

Antinociceptive activity of pregabalin

Pregabalin antinociception at doses of 1 to 400 mg/kg
was shown in Figure 3. After 30 min, %MPE of 200
and 400 mg/kg was increased compared to control
group (p < 0.005), while no difference was observed
among control, 1, 10, 30 and 100 mg/kg, also among
30, 100 and 200 mg/kg of pregabalin. %MPE30 of 200
and that of 400 mg/kg, which reached 28.1 ± 2.9%,
was considerably different from all other lower doses
(p < 0.005 compared to all other doses). The regression
line of dose-response curve did not indicate a respect-
able correlation (r2 = 0.862) and the maximum effect
reached was almost 30%, so the ED50 based on
%MPE30 was overestimated for 662.8 mg/ kg. In gen-
eral, for all doses, %MPE60 reached higher levels of
antinociception compared to %MPE30. However, the
significant difference between %MPE30 and %MPE60

was only observed in the dose of 400 mg/kg (Fig. 3).
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Fig. 1. The antinociceptive effect of
tramadol in hot-plate test. The mice
received 10, 20, 30, 40, 50 and
80 mg/kg (ip) of tramadol (6 for each
group). %MPE at 30th and 60th min
after drug injection was calculated
according to Materials and Methods.
** p < 0.005 significantly increased
compared to respective control group.
* p < 0.05 significantly increased com-
pared to respective control group.
# p < 0.05 significantly different
between %MPE30 and %MPE60. Data
were expressed as the mean ± SEM of
at least 6 mice
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Fig. 2. Dose-relationship of pregabalin
and tramadol. The doses of pregabalin
and tramadol injected ip to at least
6 mice were plotted on x coordinate
while respective antinociceptive effect
in terms of %MPE after 60 min were
plotted on y coordinate. The linear re-
gression analysis allowed determina-
tion of equation of dose-response rela-
tionship, coefficient of determination
and ED50. Data were expressed as the
mean of %MPE ± SEM of at least
6  mice



%MPE60 of different doses of pregabalin assessed af-
ter 60 min in hot-plate demonstrated better dose de-
pendent relationship or higher r2 = 0.9905. Hence, the
calculated ED50 was 246 mg/kg (222 to 275) (Fig. 2).

Likewise, %MPE60 of control group was signifi-
cantly dropped compared to that of 200 and 400 mg/
kg (p < 0.005). In fact, Newman-Keuls post-hoc test
revealed that %MPE60 among the groups of control, 1,
10, 30 and 100 mg/kg had no significant variation.
The maximum antinociception in terms of %MPE60
(75.37 ± 9.06%) was achieved by injection of 400
mg/kg and was significantly increased compared to
all other groups (p < 0.05 compared to 200 mg/kg; p <
0.005 compared to all other groups). The significant
difference between %MPE60 and %MPE30 was only
observed for dose of 400 mg/kg (Fig. 3).

Antinociceptive activity of combined groups

To study antinociceptive effect of combined groups,
the non analgesic dose of 10 mg/kg, low analgesic
dose of 30 mg/kg and analgesic dose of 50 mg/kg of
tramadol were combined separately with the lowest
non analgesic dose of pregabalin (10 mg/kg). After-
wards, the latency time of 30th and 60th min was
measured.

In Figure 4B the %MPE30 of combination group
(prg10 + tr10) was decreased. Student-Newman-Keuls
test demonstrated that %MPE30 (but not %MPE60) of
only tramadol was clearly much higher (p < 0.05)
compared to control, pregabalin and prg10 + tr10
group (Fig. 4A). %MPE60 of combination group
(prg10 + tr10) was significantly increased compared
to %MPE30 of the same group (p < 0.005).

Debatably, %MPE30 and %MPE60 of combination
group (prg10 + tr30) was increased significantly com-
pared to those of tramadol (p < 0.05), control and prega-
balin (p < 0.005), respectively. No difference was per-
ceived between %MPE of 30th and 60th min (Fig. 4B).

By escalating the dosage of tramadol in co-
administration %MPE30 was increased. However, no
difference was found between %MPE30 and %MPE60
in combination group of prg10 + tr50. This time,
%MPE30 and %MPE60 of combination group of prg10
+ tr50 were raised significantly in comparison to
those of pregabalin (p < 0.05) but not in comparison
to those of tramadol (Fig. 4C).

For combination group (prg10 + tr30), %MPE30 and
%MPE60 (46.5 ± 5.0 and 57.6 ± 6.3) were increased sig-
nificantly compared to those of tramadol alone (33.2 ±
2.8 and 24.1 ± 3.1) and similarly compared to those of
pregabalin alone (5.5 ± 3.0 and 7.1 ± 3.4), but for com-
bination group (prg10 + tr10), %MPE was dropped
compared to %MPE of each respective drug. Therefore,
in the next group we intensified dose of pregabalin to
30 mg/kg in combination group of (prg30 + tr30). Con-
sequently, %MPE30 of combination group (prg30 + tr30)
was decreased compared to that of tramadol (p < 0.005)
but not compared to that of pregabalin alone. However,
%MPE60 did not vary among combination group (prg30
+ tr30), tramadol and pregabalin (Fig. 4D).

On ground of Tallarida model, the relations of drug
combinations indicated that for combination group of
(prg10 + tr30), the interaction remained super-
additive because zprg/Z*prg + ztr/Z*tr was less than one.
For all other combinations of this study, (prg10 + tr10,
prg10 + tr50 and prg30 + tr30), zprg/Z*prg + ztr/Z*tr
were more than one so the resulted interaction was
sub-additive (Tab. 1).
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Fig. 3. The antinociceptive effect of
pregabalin in hot-plate test. The mice
received 1, 10, 30, 100, 200 and
400 mg/kg (ip) of pregabalin (6 for
each group). %MPE at 30th and 60th
min after drug injection was calculated
according to Materials and Methods.
** p < 0.005 significantly increased
compared to respective control group.
# p < 0.05 significantly different be-
tween %MPE30 and %MPE60. Data
were expressed as the mean ± SEM of
at least 6 mice



Discussion

Results of this study demonstrate that both tramadol
and pregabalin produce the antinociceptive effect in
a dose dependent manner on hot-plate test in mice.

The analgesic effect of tramadol in acute thermal
pain is discussed widely in literature. Our findings are
conforming to the results of many investigations. For
instance, it was revealed that tramadol had produced
antinociceptive effect in a dose dependent manner
with the same dose range, and the respective peak ef-
fect was achieved around 30th min after its ip admini-
stration in tail-flick and hot-plate test, even if Guneli
et al. reports that the required time to attain maximum
effect depended exclusively on the dose of tramadol
[4, 6, 17, 37, 45]. Like this study, it was shown that
tramadol at 40 mg/kg (ip) produced about 50%
antinociception [10, 37] and dose of 10 mg/kg (ip)
was not considered analgesic [37, 45]. Moreover, the
ED50 (54.8–63.9 mg/kg) of tramadol in mice meas-
ured in tail-flick test was conformed to that of this
study (47 to 69 mg/kg) [6].

The dose dependent activity of pregabalin in rats
was formerly reported in hyperalgesia and in inflam-
matory pain [2, 18]. The doses over 30 mg/kg of
pregabalin in mice impeded the late phase of formalin
test and indicated antiallodynic effect in chronic con-
striction injury [12], while antihyperalgesic activity
was perceived at lower doses of 3, 10 and 30 mg/kg
(po) in dose dependent manner [19]. In current study,
the antinociceptive activity of pregabalin remains also
dose-dependent, but the effective dose proceeded over
100 mg/kg. It verifies that the analgesic dose of
pregabalin in neuropathic pain remains less than its

antinociceptive dose in acute thermal pain, however,
the required time to reach anti-inflammatory and
anti-allodynic effect in mice stays the same as one
hour of current study [12]. Since the hot-plate test
measures supraspinally integrated response to no-
ciception, this study is consistent with that of You et
al., which sustain that pregabalin induced selective
antinociceptive effect not before 30 min because it in-
volved supraspinal centers via descending inhibitory
control on C fibers [46]. With regard to difference of
effective doses, the reason for that might be explained
by the recent mechanism proposed for a-2-d-1 block-
ers. This mechanism explains how the robust acute ef-
fect of pregabalin on synaptic transmission did not di-
rectly relate to reduction of calcium channel activity,
but rather it inhibited expression of a-2-d-1 subunit
and channel complex [36]. Thus, the acute effects of
gabapentinoids depend on the turnover of calcium
channel which occurs probably at higher doses.

Most of aforementioned studies sustain that prega-
balin as like as gabapentin did not hold antinocicep-
tive effect in transient models of pain such as tail-flick
and hot-plate, but other studies in accordance with
current study showed that gabapentinoids might suit
well in controlling acute thermal nociceptive pain ei-
ther alone or in combination [6, 25, 26, 28, 33]. The
isobolographic analysis of £uszczki openly confirmed
the dose-response relationship of pregabalin in hot-
plate test, but with having ED50 of 175.6 mg/kg (ip),
which was different from the ED50 found in current
study. The difference might be clarified considering
the mice strain or experimental procedure. In the
study of £uszczki, pre-drug latencies were 5 to 8 s vs.

2 to 4 s of current study or the cut-of point of 30 s vs.

15 s of current study [25].
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Tab. 1. Determination of interaction in combination groups of tramadol and pregabalin

Group %MPE60 Z*prg (mg/kg) Z*tr (mg/kg) zprg/Z*prg + ztr/Z*tr Interaction

prg10 + tr10 9.7 ± 2.2 26.18 ± 12.2 5.89 ± 3.28 1.07 to 2.4 > 1 Sub-additive

prg10 + tr30 57.6 ± 6.4 287.93 ± 34.97 80.53 ± 9.54 0.36 to 0.46 < 1 Super-additive

prg10 + tr50 28.1 ± 5.0 126.72 ± 27.32 36.58 ± 7.45 1.2 to 1.82 > 1 Sub-additive

prg30 + tr30 15.4 ± 2.2 57.33 ± 2.02 17.66 ± 3.27 1.94 to 2.75 > 1 Sub-additive

Z*prg and Z*tr or the potency of pregabalin and tramadol corresponding to antinociceptive effect in term of %MPE60 of mixture, are calculated
based on equation of dose-response relationship of each drug; zprg and ztr are doses of pregabalin and tramadol in mixture that together pro-
duce the specified antinociceptive effect in term of %MPE60. In the group of prg10 + tr30, the interaction was super-additive because
the zprg/Z*prg + ztr/Z*tr was less than one. For all other combinational groups the interaction was sub-additive because sum of equation was more
than one



Although the exact effect of co-administration of
two drugs require an isobolographic (or probit) analy-
sis, the current study holds that the presumed combi-
nation of pregabalin at dose of 10 mg/kg with
30 mg/kg of tramadol was super-additive, while all
other combinations were sub-additive (Tab. 1). The
sub-additivity of antinociceptive effect is well under-

stood when non analgesic doses of both drugs were
combined in prg10 + tr10 group. %MPE of this group
remained significantly less than that of tramadol
alone. Additionally, in prg10 + tr50 group, pregabalin
reduced the analgesic effect of 50 mg/kg of tramadol
which single-handedly had produced about 43% of
antinociception in hot-plate (Fig. 4A, C and D).

582 Pharmacological Reports, 2012, 64, 576�585

%
 M

P
E

%
 M

P
E

%
 M

P
E

%
 M

P
E Fig. 4. The antinociception of combi-

nation group of pregabalin and trama-
dol in hot-plate test. The mice received
pregabalin at doses of 10 or 30 mg/kg
(ip) and tramadol at doses of 10 or 30
or 50 mg/kg (ip) in combination groups
of prg10 + tr10, prg10 + tr30, prg10
+ tr50 and prg30 + tr30. (A) %MPE30
in combination group of prg10 + tr10
was decreased significantly compared
to tramadol alone. (B) %MPE30 and
%MPE60 of combination group of
prg10 + tr30 was increased signifi-
cantly compared to respective prega-
balin, tramadol and control group. (C)
%MPE30 and %MPE60 of combination
group of prg10 + tr50 was increased
significantly compared to control and re-
spective pregabalin alone. (D) %MPE30
of combination group of prg30 + tr30
was decreased significantly com-
pared to respective tramadol alone.
** p < 0.005 and * p < 0.05 compared
to combination group. # p < 0.05 sig-
nificantly different between %MPE30
and %MPE60. Data were expressed as
the mean ± SEM of at least 6 mice



This antagonism may be explained through con-
flicting features of mechanism for these two drugs. It
was established that anticonvulsant and analgesic ef-
fects of pregabalin were attributed to binding to
a-2-d-1 subunit of voltage dependent Ca-channels
which decreases calcium influx and consequently de-
creases the release of monoamines such as norepi-
nephrin, serotonin and dopamine [12, 13, 36]. Unlike,
tramadol applies its analgesic activity by inhibiting
the reuptake of norepinephrin and serotonin [15, 29,
31]. Another confusion incoherence observed in
antinociceptive effect of pregabalin and tramadol con-
sists of the fact that a-2 antagonists increased the
antinociception of tramadol in mice in tail-flick test,
but decreased the antinociception of pregabalin by re-
moving the inhibitory influence of locus coeruleus af-
ter nerve injury [32, 42]. The mechanism or site of an-
algesic interaction should be established in future
studies.

The interaction of sub-additivity was also observed
when higher dose of pregabalin (30 mg/kg) was com-
bined with analgesic dose of tramadol (30 mg/kg
which produced 33% antinociception alone). If one
compares the antinociception of prg10 + tr30 with
that of prg30 + tr30 groups, he can observe that by in-
creasing the dose of pregabalin, %MPE60 was reduced
from 57% to 15%. This confirms how pregabalin an-
tagonize a fair analgesic dose of tramadol in these
combination groups (Fig. 4B and D). Thus, this find-
ing showed that the variation of proportion in combi-
national groups can change the interaction from
super-additivity to sub-additivity. This could explain
the limited negative trials of combination therapy [9].
Super-additivity was palpable when pregabalin at
a dose of 10 mg/kg showing no antinociceptive effect
(less than 10%), significantly enhanced the antino-
ciceptive effect of 30 mg/kg of tramadol (Fig. 4B). In
agreement, this super-additivity has been previously
observed between tramadol and gabapentin in tail-
flick test of mice; when gabapentin at the dose that
produced less than 10% in term of %MPE was
combined with tramadol at the dose that produced
about 52%, the total antinociception of combination
was increased compared to each drug alone [6]. Simi-
larly, in inflammatory pain induced by formalin in
rats, the synergistic interaction between tramadol and
gabapentin has been proved through isobolographic
study [14].

Super-additivity occurs when drugs appear to be
complementary in drug action mechanism. It has been

reported that both pregabalin and tramadol reduce ex-
citatory neurotransmitters such as glutamate and sub-
stance P involved in pain perception [13, 21]. Prega-
balin reduced substance P after inflammation in spinal
cord slices [11], and also reduced the formalin in-
duced release of glutamate in spinal cord of dorsal
horn [24]. Furthermore, conformational changes of
calcium channels induced by pregabalin prevented
abnormally intense neuronal activity by reducing syn-
aptic release of glutamate [43]. On the other hand,
it was shown that pretreatment of tramadol inhibited
glutamate and substance P induced biting behavior
[20], and also it was observed that blockade of N-me-
thyl-D-aspartate (NMDA) receptors of glutamate en-
hanced antinociception of opioids at spinal cord [5].
Therefore, it was proposed that pregabalin might en-
hance tramadol antinociception through reducing glu-
tamate and substance P release at spinal level or
through indirect interaction with NMDA receptors
[11, 24, 43]. Another complementary mechanism of
these two drugs consists in the fact that pregabalin
increased tramadol antinociception through activation
of noradrenergic system by facilitating a-2-adre-
noreceptors turnover [39]. These mechanistic studies
in clinical setting promoted the addition of tramadol
in treatment of non-common cases such as fibromyal-
gia and neuropathic pain, especially when neuropathic
pain is not predominant [1, 9, 23].

The proportion of drugs in a mixture might change
the type of interaction. Actually, in the combination of
tramadol and dexketoprofen synergism in algesiomet-
ric test was observed only with potency ratio of 1:1,
and for no other proportion of this combination simi-
lar result was obtained [29]. Gabapentin or pregabalin
interacted synergistically with naproxen to suppress
thermal hyperalgesia when they are in dominant pro-
portion in drug mixture [19]. Noteworthy, the effect
of a proportion also depend on analgesic test and ex-
perimental procedures [17].

Despite the potency ratio, our study showed a kind
of opposition in those combination groups that the
doses of pregabalin and tramadol were equal whether
the doses were analgesic or not (Fig. 4). Moreover in
these groups of prg10 + tr10 and prg30 + tr30, like
pregabalin, %MPE60 was higher than %MPE30. Inter-
estingly, when the rapport of tramadol was increased
respectively to effective dose of 50 mg/kg in prg10
+ tr50 group, the opposition implied by pregabalin
continued to decrease the %MPE of combined group,
but the time of peak effect was inverted to that of tra-
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madol. In this combination the %MPE30 became
higher than %MPE60 and became similar to tramadol
pattern. In super-additive combination group of prg10
+ tr30, the peak effect followed that of pregabalin and
the interaction was determined essentially by propor-
tion ratio, resembling the interaction between trama-
dol and gabapentin [6].

In conclusion, more attention should be paid to
proportion of these drugs in combination therapy in
clinical management of neuropathic pain, especially
in difficult cases after addition of tramadol to the first
line treatment drug (pregabalin) [1, 8]. However, in
our study, we noticed that their interaction was not ad-
ditive when non analgesic doses were used. Isobolo-
graphic study requires determination of different in-
teraction of different proportion. Hence, respecting
the right proportion of this combination may deal with
accidental dangerous risk of seizure caused by trama-
dol in numerous users in Iran [40] and simultaneously
can increase analgesic effect as well as reducing side
effects. Future isobolographic and mechanistic study
will be needed to interpret the interaction of this com-
bination.
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