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INTRODUCTION

ABSTRACT

Background: A major goal of pain management is to provide pain relief that is
clinically meaningful, sustained, and associated with minimum and reversible
adverse effects. Since single analgesic drug is not effective in all patients, there
is a need either to develop new and more effective drugs or to identify
favourable combinations of drugs that are already available. The aim of the
present was to evaluate the analgesic and anti-inflammatory activity of tramadol
and pregabalin when used alone or in combination in animal models of pain and
inflammation.

Methods: The animals (rats and mice) were divided into eight groups with six
animals in each group. Analgesia was assessed by acetic acid induced writhing
and tail flick methods in mice and hot plate method in rats. Paw oedema model
in rats after induction with 0.1 ml of 1% carrageenan was used to assess the
anti-inflammatory activity. The percentage inhibition of writhes and
prolongation of reaction time were used for assessing analgesic activity and
reduction in paw volume was used for assessing anti-inflammatory activity. The
results obtained were analysed by ANOVA and Tukey HSD Post-hoc Test.
Results: Treatment with tramadol pregabalin alone or in combination reduced
writhing episodes significantly in acetic acid induced writhing in mice as
compared to control indicating its analgesic effect and the highest percentage
inhibition of pain was seen with high dose tramadol plus pregabalin. Treatment
in Hot plate and Tail flick methods significantly prolonged the reaction time at
all time points.

Conclusions: Tramadol when combined with pregabalin may enhance its anti-
nociceptive effects. If confirmed in additional models of acute and/or chronic
pain this combination might be useful in the clinical management of pain not
associated with inflammation.
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scientific approach to health and disease, it is subjective
rather than objective and the causal basis is often poorly

Pain is an unpleasant experience and the mechanisms
involved in its production transmission or perception has
been one of the most intensely investigated areas in
biomedical science over several decades. Pain not only
places an enormous burden on the patients as it costs
several billion dollars in medical expenditures as well as
on lost productivity, it poses a formidable challenge for
the clinicians as well. Why pain continues to be a
problem for clinicians is that pain does not conform to the
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understood. In addition to providing relief, the objective
of proper treatment of pain is to prevent or attenuate both
peripheral and central sensitization that increases pain.'
Although an array of agents are available for the
management of pain, the optimal treatment for pain
remains largely elusive and an update on relative efficacy
of oral analgesics indicated that no single drug is
effective in all patients and that even the best drugs failed
to provide good levels of pain relief in at least 30%.*
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Pregabalin, a structural analogue of the inhibitory
neurotransmitter y-aminobutyric acid, by binding to the a-
2-d subunit of voltage-gated calcium channels in the
nervous system reduces the release of several excitatory
neurotransmitters in particular the excitatory amino acid
glutamate blocks the development of hyperalgesia and
central sensitization.>” It demonstrated antiallodynic and
antihyperalgesic activities in various rodent models of
pain and perioperative administration of pregabalin was
associated with a significant decrease in pain score after
surgery.®® Preclinical and clinical data suggest that
pregabalin may be effective in the treatment of
nociceptive inflammatory pain and hence pregabalin has
emerged as an attractive adjuvant in combination with
opioids for the management of acute pain.

Tramadol, a synthetic, centrally acting analgesic agent
with two distinct, synergistic mechanisms of action, has
of late emerged as an alternate to opioids in the
management of acute pain.’® When used in combination
with paracetamol or NSAIDs, it has been shown to
enhance the analgesic efficacy in a complementary
manner and improve the tolerability profile.1*-13

A major goal of pain management is to provide pain
relief that is clinically meaningful, sustained, and
associated with minimum and reversible adverse effects.
Since single analgesic drug is not effective in all patients,
there is a need either to develop new and more effective
drugs or to identify favourable combinations of drugs that
are already available. Although combinations offer the
possibility of several desirable outcomes, the
combinations must be rigorously tested before being
introduced into clinical practice.** Hence, the aim of the
present study was to evaluate the analgesic and anti-
inflammatory activity of tramadol and pregabalin when
used alone or in combination in animal models of pain
and inflammation:

METHODS

The entire study was carried out using male adult Wistar
rats, (weighing 180 to 230 g) and Swiss albino mice
(weighing 25 to 30 g) between 09.00 a.m. and 2.00 p.m.
The animals were kept in a separate temperature-
regulated room in cages with air-cooling and 12 hour
light and dark cycle. They had free access to water and
standard laboratory diet. All experiments were conducted
on separate groups of animals and each animal was used
only once and only in a single test to avoid interference
between tests. Rats and mice were divided into groups
with 6 members in each group. Control groups (Group 1)
were administered normal saline at the dose of 10ml/kg
and diclofenac 100mg/kg (Group Il1). Tramadol was
administered at dosage of 4 (Group I11) or 8 (Group 1V)
mg/kg and the dosage for pregabalin was 6 (Group V) 12
(Group VI) mg/kg while the dosage for combination of
pregabalin and tramadol was 6/4mg/kg (Group VII) and
12/8mg/kg (Group VIII). The combination ratio of
pregabalin and tramadol was determined considering the

maximum recommended human dose of pregabalin and
tramadol, respectively. Diclofenac is often used as
reference drug to compare other analgesic drugs in
inflammatory pain. All the drugs were administered
through oral route after dissolving them in normal saline.
All chemicals and solvents (Pregabalin, Tramadol
Hydrochloride, A-carrageenan and Saline) used were at
least of analytical grade and were obtained commercially.

Acetic acid-induced abdominal writhing in mice

The analgesic activity was evaluated in mice by injecting
0.6% acetic acid (10 mL/kg) intraperitoneally (ip) into
the lower right quadrant of the abdominal cavity at an
angle of 30° and a depth of 5 mm.*® The test drugs were
administered orally to the mice 30 minutes before acetic
acid injection. Immediately after injection, the mice were
observed for writhing reflex, which is characterized by
abdominal muscle contractions associated with inward
outstretching of the hind limbs, a hind paw reflex, or
whole body extension. The number of writhing reflexes,
were observed over a period of twenty min. Analgesic
effect was quantified as the percent reduction in the
number of writhes produced by each drug dose. For a
given dose, percentage inhibition was calculated using
the following formula: % inhibition= [(Wc- Wt) x 100] /
Wc where, Wc = No. of writhes in control group, Wt =
No. of writhes in test group.

Tail-immersion test

Mice were placed into individual restraining cages
leaving the tail hanging out freely. The animals were
allowed to adapt to the cages for 30 min before testing.
The lower 5 cm portion of the tail was marked. This part
of the tail was immersed in a cup of freshly filled water
of exactly 55°C. The reaction time was recorded with the
help of a stopwatch. After each determination, the tail
was carefully dried. The reaction time was determined
before (0 h) and thereafter at 1 and 2 h following oral
administration of the test substances. The cut off time of
the immersion was 15 seconds. Tail immersion latency
was measured as the time between tail immersion and tail
withdrawal.*® Change in tail immersion latency, Dt (s),
was calculated for each animal according to the formula
[Dt (s) =post drug latency - pre drug latency].t” For each
animal, the % maximum possible effect (%MPE) was
calculated using the following formula: [(Post drug
latency-Pre drug latency) / (15-Pre drug latency)] X100.

Hot Plate Method

The analgesic activity was also assessed using hot plate
method of Eddy and Leimbach in rats.® In this
experiment, the hot-plate apparatus was maintained at
55+0.1°C. Rats were placed in an acrylic cylinder (20 cm
in diameter) on the heated surface, and the time between
placement and licking of their hind paws or jumping was
recorded as the response latency. A 20 s cut-off was used
to prevent tissue damage. The response latency was

International Journal of Basic & Clinical Pharmacology | June 2017 | Vol 6 | Issue 6 Page 1512



Suthakaran C et al. Int J Basic Clin Pharmacol. 2017 Jun;6(6):1511-1516

recorded before (0 min) and %, 1, 1% and 2 h following
oral administration of drugs. Analgesia was defined as
prolongation of latency without licking or flicking of hind
limb or jumping. Animals presenting with latencies
higher than 20 s at 0 min were excluded. For each animal,
the % maximum possible effect (%MPE) was calculated
using the following formula: [(Post drug latency-Pre drug
latency)/ (20-Pre drug latency)] X100.

Anti-inflammatory  activity
induced paw oedema]

[Carrageenan (CARR)

We followed the method adopted by Winter et al
subsequently modified by Singh and Ghosh for
evaluating the acute anti-inflammatory activity in rats.1%20
Paw oedema was induced in the right hind paw of each
rat by intraplantar injection of 100ul of 1% (suspension in
saline) lambda carrageenan. The paw volume of rats was
measured by plethysmometer, before the injection of
carrageen, 2.5h after the injection of carrageen (just
before the administration of the test drugs and then again
1 and 2 h after test drug administration. The degree of
oedema induced was assessed by the volume of the right
hind paw before and after carrageenan treatment,
respectively. Mean baseline paw volume ranged from 1.3
to 1.4 ml among the different treatment groups. When
measured 2.5 h after the injection of carrageenan, mean
paw volume ranged from 2.4 to 2.7 ml among the
different treatment groups. Drug effects were expressed
as a difference score in which the paw volume measured
2 h after administration of the drug was subtracted from
that determined immediately before (i.e., 2.5 h after
carrageenan). Negative values, therefore, represent a
reduction in inflammation.

Statistical analysis

The data were expressed as meantSD (standard
deviation). All data were subjected to Analysis of
variance (ANOVA) and individual comparisons were
made using Tukey HSD Post-hoc Test. The differences
were considered significant if p <0.05.

RESULTS

The effect of the drugs on the acetic acid- induced
abdominal constrictions and percent reduction in mice is
presented in Table 1. The results showed that there were
statistically significant differences between group means
as determined by one-way ANOVA and there was a
significant dose dependent decrease in the number of
writhes in all the treated groups as compared to the
control group.

Table 1: Effect of tramadol or pregabalin alone or in
combination on acetic acid induced writhing in mice.

No of %

Group Drug

writhing
Mean+SD

Inhibition

Mean+SD

Saline 10mL/kg 35.8+2.6
1] Diclofenac 100 11.242.5***  68.4+8.5
11l Tramadol 4 16.8+2.6*** 53.1+5.9
v Tramadol 8 23.0+2.8***  35.8+6.3
\% Pregabalin 6 14.5£2.6*** 59.4+7.7
VI Pregabalin 12 18.244.9***  48.7+15.2
Tramadol+ .
Vil Pregabalin 4+6 15.8+1.7 55.5£6.6
v Jramadol g ), 13.8£3.4%** 61.548.3
Pregabalin

ANOVA F= 39.64

*** P <0.001 as compared to saline group

Table 2: Effect of tramadol or pregabalin alone or in combination on tail immersion latency.

Group Tail Immersion Latency (sec) | %MPE |

0 h (MeanSD) 1 h (MeanzSD) 2 h (MeanzSD) 1 h (MeanzSD) 2 h (MeanzSD)

I 4.9+0.2 5.0£0.4 5.1+0.6 4.3+0.9 4.9+0.7

I 4.9+0.5 7.6£0.5*** 7.8£0.5*** 25.9+8.2 28.7+5.5

1l 5.3+0.5 10.941.2*** 11.741.1%** 59.2+11.4 60.8+11.2

\Y] 5.1+0.5 11.241.0*** 11.8+1.2%** 65.8+11.2 66.3+9.4

\% 5.1+0.4 6.94£0.5*** 7.140.7*** 17.846.2 20.1+9.7

VI 5.0+0.3 7.1+0.8*** 7.3£0.5%** 21.1+7.5 23.145.5

Wl 5.0+0.4 10.3+0.9*** 11.3+1.5%** 53.348.7 63.3£14.9

VIII 5.0£0.4 11.9£0.9*** 12.1+1.8*** 69.2+9.3 71.5%17.0

ANOVA F=73.94
*** n <0.001 as compared to O h

The highest percent inhibition was observed with the high
dose combination group. Tukey HSD Post-hoc Test
revealed that the combination was more effective than

either low or high dose tramadol in the reduction of

writhes.

Administration of tramadol,

pregabalin or

tramadol plus pregabalin to conscious male Swiss mice
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caused dose and time-dependent antinociceptive effects
in the tail immersion test, with different individual
potencies (Table 2). The greatest antinociceptive
response occurred with tramadol pregabalin combination
after 2 h in the tail immersion test.

The results of the analgesic effect of the drugs using hot
plate method are presented in Table 3. The results
revealed that there was no significant difference on the

thermal stimulus in rats treated with normal saline
(control group) throughout the observation period. There
was a statistically significant increase in reaction time at
all time points compared to baseline values in all
treatment groups and was greatest for combination
treated group at 2 h after treatment. The experimentally-
derived value of the maximum possible antinociceptive
effect for low dose combination was 81.7+5.1% while at
1 h it was 92+8.5%.

Table 3: Effect of tramadol or pregabalin alone or in combination on response latency in Hot Plate test.

Group Response Latency (sec _ _l
0 h (MeanzSD) % h (MeanzSD) 1 h (MeanzSD) 1% h (MeanxSD) 2 h (MeanzSD)

I 3.7£0.1 3.9+£0.3 4.7+0.2 4.6x0.2 3.9+0.3

I 3.7+0.2 11.7£4.0%** 12.3+£5.2%** 9.74£2.2*** 9.3£2.1***

i 4.5+0.5 13.1+0.9%** 10.8+£1.0%** 9.3+£0.9*** 4.5£0.6***

\Y 4.5£0.6 9.2+]1.7*** 11.7£0.7%** 10.3+0.7*** 7.5+1.2%**

vV 4.4+0.5 9.3£0.5*** 12.940.7*** 9.7£0.8*** 7.5£0.3%**

VI 4.0£0.3 9.3+0.4*** 13.3+£3.2%** 9.9+0.6*** 8.5+1.6***

Wl 3.3+0.8 15.3+2.6*** 16.9+0.9*** 11.7+1.1%** 9.7£0.6***

VIII 3.6£0.2 14.0+0.7*** 18.7£0.8*** 15.0£0.9*** 12.0£0.2***
ANOVA F=45.9

***n <0.001 as compared to 0 h

Table 4: Effect of tramadol or pregabalin alone or in combination on carrageenan-induced paw

Paw volume (mL) (Mean+SD

oedema in mice.

Before carrageenan 2.5 h after carrageenan 1 h after (test drug) 2 h after (test drug)
| 1.35+0.03 2.56+0.06 2.52+0.06 2.54+0.06
Il 1.35+0.03 2.59+0.04 1.98+0.08** 1.86+0.07**
11 1.35+0.04 2.54+0.12 2.52+0.12 2.51+0.10
\Y} 1.34+0.02 2.54+0.09 2.49+0.06 2.48+0.08
\Y 1.35+0.03 2.49+0.06 2.47+0.12 2.43+0.07
VI 1.35+0.02 2.57+0.10 2.52+0.04 2.52+0.09
VII 1.35+0.02 2.61+0.08 2.58 +0.03 2.53+0.07
VIII 1.35+0.04 2.48+0.06 2.43+0.02 2.39+0.11

ANOVA F = 353.45
** P <0.01 as compared to 0 h value

The results of A-carrageenan-induced mice paw oedema
(Table 4) indicated that diclofenac alone significantly
inhibited the development of paw oedema induced by
carrageenan after 1 and 2 h of treatment. Neither
tramadol nor pregabalin alone or in combination,
exhibited negligible anti-inflammatory  activity in
Carrageenan induced hind paw oedema.

DISCUSSION

The present study carried out to evaluate the analgesic
and anti-inflammatory activity of tramadol and
pregabalin when wused alone or in combination
demonstrated an antinociceptive activity, independent of

the animal models of nociception or the nociceptive
stimulus in a dose dependent manner without significant
anti-inflammatory activity. The addition of a second
agent in multimodal analgesia, which may or not also be
an analgesic, may prolong analgesic duration, enhance
analgesic efficacy, diminish or minimize adverse effects
and could reduce opioid tolerance or dependence.?* Since
pregabalin has been shown to enhance the analgesic
activity of tramadol, this combination may be clinically
efficacious in conditions associated with acute pain.

Nociceptive information is processed and integrated
peripherally as well as at spinal and supraspinal level
within the central nervous system. In the present study,
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we found that the combination of tramadol and
pregabalin elicited an antinociceptive action in chemical
and thermal models of pain in mice and rats. Our results
indicate that the combination was effective in inhibiting
thermal nociception at different levels of the central
nervous system, as the hot-plate test predominantly
measures supraspinal response to a stimulus while the
tail-flick test primarily measures the spinal response to a
stimulus.?? The present data also suggests that the
combination might have peripheral effects on the
modulation of acute nociceptive stimuli since acetic acid
induced writhing was also significantly inhibited. Taken
together, the data suggest that the combination appears to
be a good candidate for multimodal coverage of a wider
spectrum of pain.

Perusal of the doses used in this study indicate that we
can achieve the same antinociceptive effect by reducing
the dose of tramadol in combination therapy. Thus, the
reduction of tramadol dose during the treatment with
these drugs may contribute to the limitation of the acute
adverse effects exerted by tramadol when used alone at
high doses. The decrease in the doses of tramadol may
enhance tolerability and patient compliance in chronic
pain states. Our study hints that the combination of
tramadol and pregabalin may satisfy the criteria for
multimodal analgesia. Since combination analgesics offer
the possibility of efficient analgesia with a decrease in
side effects as a result of reduced dosages of one or both
compounds, this combination appears to be a good
candidate for acute pain.®

The available evidence for additive or synergistic effects
of most combination regimens is sparse, and our
knowledge and understanding of these combinations is
limited.?* The strength of the present study is that it
provides scientific evidence on a range of different acute
pain models in animals. Since the interaction of a
combination depends not only on the different
mechanisms of drug action, but also on the relative
amounts of the drugs in the combination tested,
isobolographic analysis and interaction index studies are
warranted to delineate whether the combination of
tramadol and pregabalin is additive, supra additive or
synergistic.

CONCLUSION

From this study, we can conclude that that tramadol
pregabalin combination is more efficacious than tramadol
or pregabalin alone in acute animal models of pain.
Nevertheless, our hypothesis should be confirmed in
additional models of acute and/or chronic pain and if
confirmed, the combination might be useful in the
management of pain not associated with peripheral
inflammation particularly among the elderly population at
heightened risk for the adverse renal and gastrointestinal
effects of NSAIDs.
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