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Abstract

We aimed to investigate the effects of pregabalin (PGB) and codeine (COD)
combination in a somatic pain model (the tail flick test) in mice. In this experiment the
substances were administered orally separately and in association; the tail withdrawal reflex
latencies, as a response to thermal noxious tail stimulation, were registered at 0, 30, 60 and
90 minutes after substances administration. Differences between the experimental and
baseline latencies were interpreted as an index of analgesia. Response latency data from tail
flick measurements were also converted to per cent of maximum possible effect. In our
experimental conditions oral administration of PGB-COD combination was associated with
a stronger increase of latency time response, statistically significant after 15 minutes
compared to control group, and to the groups treated with PGB, respectively COD in the
tail flick test. We can conclude that oral administration of pregabalin proved to potentiate
the antinociceptive effects of codeine in this somatic pain model in mice.

Rezumat

Studiul investigheazad efectele analgezice ale combinatiei pregabalin (PGB) -
codeina (COD) pe un model de durere somatica la soareci (testul tail flick). Experimentul a
urmarit administrarea substantelor mentionate, separat si in asociere. Reflexul de retragere,
ca raspuns la stimularea termica nociva a cozii a fost inregistrat la 0, 30, 60 si 90 minute
dupa administrarea substantelor. Diferentele intre latentele experimentale si cele de la
momentul zero, sunt interpretate ca index al analgeziei. Latentele de raspuns masurate prin
testul tail flick au fost de asemenea transformate in procent al efectului maxim posibil. In
conditiile experimentale date, administrarea combinatiei PGB-COD a relevat o prelungire
mai accentuata a timpului de latentda a raspunsului dupa 15 minute, in comparatie cu lotul
martor si cu loturile tratate cu PGB, respectiv COD, prin testul tail flick la soarece. Putem
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concluziona cd administrarea orald a pregabalinei potenteaza efectele antinociceptive ale
codeinei pe modelul de durere somatica la soareci.

Keywords: pregabalin, codeine, combinations, tail flick test.

Introduction

Pregabalin (PGB) is a modern antiepileptic drug, the
pharmacologically active S-enantiomer of racemic 3-isobutyl GABA [16,
18]. Since 2005 it has been approved in many countries and implemented in
therapy as a potent agent in the management of partial-onset seizures, but
also in the therapy of neuropathic pain associated with painful diabetic
neuropathy and postherpetic neuralgia [16, 18]. At present, much research is
being developed for proving its use in pain management in combination
with other analgesic drugs [5, 10, 15]; however, few studies have been
conducted on animal pain models to prove the synergy of PGB
combinations.

Codeine is an alkaloid from opium, with important effects on the
central nervous system: cough suppression, analgesia, but also anxiolysis,
euphoria, and feelings of relaxation [17]. It is considered a prodrug, since it
is metabolized in vivo to the primary active compounds morphine and
codeine-6-glucuronide [20]. It acts as a selective agonist for the pu opioid
receptors localized in the central nervous system to alter processes affecting
both perception of pain and the emotional response to pain. It is thought that
the analgesic activity of codeine is a result of its conversion to morphine,
although the precise mechanism of antinociceptive action remains unknown.
Codeine has about one-sixth the analgesic activity of morphine [14].

In the present work we aimed to investigate the effects of pregabalin
in combination with low doses of codeine in nociceptive reactivity, using a
somatic pain model in mice (the tail flick test).

Materials and Methods

The experiments were carried out on male white Swiss mice (20-
25g), distributed into 4 groups of 6 animals each, treated orally (using an
esogastric device) with the same volume of solution, during 7 consecutive
days as follows: Group I (Control - C): saline solution (0.1 mL/10 g of
mouse weight); Group II (PGB): pregabalin (Mesochem Technology,
China; 20 mg/kg body weight - kbw); Group III (COD, Sigma Aldrich):
codeine (50 mg/kbw); Group IV (PGB+COD): pregabalin (20 mg/kbw) +
codeine (50 mg/kbw). The mice were housed in plastic cages, under
standard laboratory conditions (relative humidity 55-65%, constant room
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temperature of 23.0 = 1.0°C and under 12 hours artificial light: dark cycle).
The animals were fed with standard diet and water ad libitum, except during
the time of the experiments.

All  drugs were diluted in saline solution and prepared
extemporaneously. Pregabalin was administered orally (using an esogastric
device) 7 consecutive days. The dose of pregabalin used represents 1/20 of
the lethal dose 50 (LD50) [10]. In the 7" day of the experiment codeine was
administered via the same route.

Somatic nociceptive reactivity evaluation

Somatic antinociception was assessed using the tail-flick test (on a
Panlab Hardvard Apparatus). Mice were placed on a flat surface and held
gently by the operator. Tail withdrawal latencies were recorded in response
to thermal stimulus from a light beam focused on the dorsal surface of the
tail [3, 13, 22]. When the animal flicks its tail, the light beam activates the
photocell, closing a switch which turns off the heat source. The amount of
time taken for the animal to move its tail away from the heat representing
the response latency period, was recorded [6, 9, 22]. The tail-withdrawal
latency (seconds) was measured before administration of any drug or
vehicle. The baseline latency (before drug injection) in the tail flick test was
42 £+ 0.2 seconds (mean =+ standard error of mean -SEM). The
recommended cut-off time of 12 seconds was used to prevent tissue
damage. The tail withdrawal reflex periods were registered at 0, 30, 60 and
90 minutes after the administration of the substances. Differences between
the experimental and baseline latencies are interpreted as an index of
analgesia. An increase of the latency for the mouse to flick its tail is
indicative of analgesia, while a decrease of the tail-flick latency is indicative
of hyperalgesia [4].

Response latency data from the tail flick measurements were
converted to per cent of maximum possible effect (% MPE) according to the
formula:

% MPE = [(observed latency-baseline latency) / (cut off time — baseline latency)] x 100 [21].

Results of the tail flick response from each group were calculated as
mean with its corresponding confidence limits (95%) and were presented in
graphs as means = SEM (standard error of mean) of latency time (seconds)
for six mice.

The obtained data were processed using the ANOVA test
implemented in SPSS 17 for Windows software; p-values less than 0.05
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were considered statistically significant compared to those of the control
groups.

The experimental protocol was implemented according to the
recommendations of the “Grigore T. Popa” University Committee for
Research and Ethical Issues and in concordance with the guidelines of the
IASP Committee for Research and Ethical Issues and with the Directive
86/609/EEC/24.11.1986, regarding the protection of animals used for
experimental and other scientific purposes [23]. In particular, the duration of
the experiment was kept as short as possible as well as and the number of
mice. For ethical reasons, all the animals were sacrificed at the end of the
experiment.

Results and Discussion

Statistical analysis of the results obtained in the tail-flick test showed
that the administration of low doses of codeine determined a slight increase
of the latency period of the response, but statistically non-significant
compared to C group in the tail flick test. Codeine exhibited a maximum
effect after 60 minutes in the present experiment (19.7 £+ 1.2), (Figure 1).
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0 15 min 30 min 60 min 90 min
—p 4,5 5,1 5,2 5,4 4,6
PGB 43 5,6 5,9 6 5,5
== COD 4.4 5,5 5,7 5,9 5,4
i PGB+COD 4.4 7 7.9 8,2 7,1
Figure 1.

The latency response of PGB, COD, PGB-COD in the tail flick test. (Each
point is the mean + SEM of latency time (s.) for six mice. **p<0.01; single
substances vs. control group, combination vs. single substances.)

Oral administration of PGB was associated with a rapid increase of
the latency time response to noxious tail stimulation, statistically significant
(p <0.01) compared to C group, effect maintained at all moments of time in
this somatic experimental pain model in mice. The effects of PGB were
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more intense than those of COD in the experiment (Figure 1). Its maximum
possible effect was observed after 60 minutes (% MPE¢ = 23.7 £ 2.1%),
statistically significant compared to the % MPEg (15.8 + 0.9%) of C group
in the tail flick test (Figure 2).

The treatment with the combination PGB-COD resulted in a
prolongation of the latency time response to thermal noxious tail
stimulation, statistically significant (p < 0.01) compared to C group, and
also to single PGB, respectively COD administration at all-time intervals
during the tail flick test (Figure 1). Its maximal antinociceptive effect
achieved after 60 minutes from the administration (% MPEg = 50.0 = 0.7%)
was biologically significant compared to C group, and also PGB,
respectively COD groups in the experiment (Figure 2).
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-20
o 15min 30 min 60 min S0 min
——C 0 8 9,3 12 1,3
PGB 0 16,9 20,8 22,1 14,3
——COD 0 14,5 17,1 19,7 13,2
= PGB+COD 0 34,2 46,1 50 35,5
Figure 2.

Time course of the % MPE of PGB, COD, PGB-COD in the tail flick test.
(Each point is the mean + SEM of percentage of maximum possible effect
for six mice.)

The starting point of our study was the idea of the possibility to
investigate and further exploit the synergistic effects of PGB-COD
combination, in order to improve the quality of analgesia and lower the
doses of the individual drugs, consequently reducing the adverse effects. As
expected, the low doses of COD tested did not influence significantly the
latency time reaction to thermal noxious tail stimulation. PGB
administration resulted in a significant analgesic activity in the tail flick test.
The association of PGB with COD determined a synergic analgesic effect in
this experimental pain model in mice.

In one of our previous experimental studies we have demonstrated
that PGB potentiated the antinociceptive effects of two non-opioid analgesic
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drugs: acetaminophen and tenoxicam in the tail flick test, but also in a
visceral pain model in mice (the writhing test) [11]. Our results are in
agreement with other findings which have suggested that PGB may be
useful for controlling different types of pain. Literature data showed that
PGB proves antinociceptive effects in various acute and chronic, somatic
and visceral, inflammatory and neuropathic experimental pain models.
Many research studies have revealed that acute treatment with PGB prevents
hyperalgesia in the hot plate test and also thermal hyperalgesia (in the tail
flick test), in streptozotocin induced diabetic peripheral neuropathy [8, 10]
and in various models of experimental-induced peripheral inflammation
with carrageenan or formalin [1]. It has also been demonstrated that
systemic or intrathecal PGB reduced mechanical allodynia in tail
compression test or chronic hyperalgesia in experimental neuropathic pain
after peripheral or central nerve injury in rats [7, 16, 19]. Other studies
demonstrated a synergic effect of pregabalin-tramadol combination in the
tail flick and in the hot plate test [2, 5] and of pregabalin-morphine on
mechanical allodynia in tibial neuroma transposition model in rats [12].

Conclusions

We used a standard somatic pain model, the tail flick test, to evaluate
the effect of pregabalin-codeine association on the nociceptive reactivity in
mice. The 7 days treatment with an unique daily sub-analgesic dose of
pregabalin (20 mg/kgb.w.), respectively of codeine (50 mg/kgb.w.) did not
significant modify the somatic nociceptive sensitivity in mice.

The administration of pregabalin-codeine combination, using sub-
analgesic doses of these drugs, resulted in a significant antinociceptive
effect in this experimental cutaneous pain model in mice.

We can conclude that the synergistic analgesic action determined by
oral administration, for 7 days, of pregabalin associated with low doses of
codeine is an advantage compared to single administration of pregabalin,
respectively codeine, due to higher intensity of effect and on the other hand
to lower side effects.
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