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B Evaluation of the effects of tramadol on analgesic response and locomotor

activity on two different strains of laboratory mice
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B Extipnon g dpaong e Tpopadoing 6Tny avalyneia Kol 6TV KIVI|TIKOTA 6
000 OL0POPETIKA €101 EPYAGTNPLUKAY HUDV

Eipiivn Zvpedv'?, Akelia Ilohoidn', Evayyehog Mraragag', Mapiavve Xtacivomrovrov’,
Mavrog AleEaxog!, Xpooa Boyrwatlakn?, Nikoroog Kmetounteémovirog!
! Movédo. Zwkav Hpotdrwv, Topvuc latpofroloyikdv Epevvarv Axadnuiog AOnvav, AGivo
2 Tunua lozpidv Epyaotnpiov, Zyolj Exayyeludtaov Yyeiag kot Hpovorag, Teyvoroyikd Exmaidevtio Topvua AOnvag,
12210 Arydlew.

ABSTRACT. Analgesia of laboratory animals consists an important component in experimental studies where painful
stimuli or procedures may take place. When choosing analgesics, the severity of pain along with the response to medication is
among the factors that determine the choice of agent. Tramadol is a known synthetic opioid analgesic used to treat main acute
or chronic pain including perioperative pain. The purpose of this study was to evaluate the analgesic response as well as the
effect on locomotor activity in two different strains of mice after the intraperitoneal (i.p.) administration of tramadol. Subjects
were 11-13 week-old male C57BL/6J (n=39) and BALB/cJ (n=38) mice, randomly assigned to receive either saline, tramadol
10 mg/kg or tramadol 40 mg/kg. Analgesia was measured using the hot-plate test, 30 or 60 minutes after drug administra-
tion while the open field test was used in order to assess locomotor activity. Both strains exhibited a significant increase of
hot-plate latencies after administration of tramadol 40 mg/kg while the same dose induced significantly greater analgesia in
BALB/cJ as compared with the C57BL/6J mice. BALB/cJ mice presented a dose-dependent decrease in locomotor activity
following tramadol administration whereas C57BL/6J mice receiving 40 mg/kg tramadol showed hyperactivity. In conclusion,
the lower dose of tramadol (10 mg/kg) has insufficient antinociceptive effects on acute thermal pain for both strains. The high-
est dose of tramadol used in this study (40 mg/kg) was greater than the one required for BALB/cJ mice, as they were under
sedation for at least 60 minutes after drug administration. The same dose of tramadol appeared to be effective on C57BL/6J
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mice as latency times on the hot plate were significantly increased. Despite this fact, it is not a suitable choice as an analgesic,
especially postoperatively, as it causes hyperactivity to this strain. Special concern should be given to the fact that tramadol’s

analgesic and behavioral effects depend not only on its dosage, but also on the strain in which it is administered.
Keywords: tramadol, mice, locomotor activity, analgesia

INEPIAHYH. H ovalynocio amotelei 0épo 1doitepng onuaciog yio to {do epyactnpiov ta omoio mpoKeLTaL Vo,
vroPAn0ovv ce enmdduvovg melpapatiopovs. H emioyn evog avokyntikod mapdyovto egoptdtor peta&d tmv dAA®V Kot
amod 1o péyefog Kat T SLapKELD TOL ETDIVVOV peBiGUATOC AAAL KOl OO TNV OTOTEAEGUATIKOTNTO TOL GTOV GUYKEKPLULEVO
opyovicpo. H tpapadodn copnepthoBovopévon Tov TEPLEYXEPNTIKOD TOVOL OTOTEAEL £VO YVOOTO GUVOETIKO OMIOEIOEG
avoiyntikd mov ypnoonoteitol T6co Yo Tov 0EH 0G0 Kot Yol TOV ¥POVIO TOVO. XKOTOG TG LEAETNG NTOv M eKTiUnom
NG OMOTEAEGUATIKOTITOG TOV GUYKEKPLUEVOD OVOAYNTIKOD GE dVO SLUPOPETIKG E(01] EPYOCSTNPLOKAOV HVOV UETE amd
gvdomeprrovaikn yopnynon. Ta {da mov ypnoipomombnkav frav apcevikd, nikiag 11-13 gfdopddov, TV ELAGV
C57BL/6] (n=39) ka1 BALB/cJ (n=38). Ta {da yopiotmnkav toyaio g opddeg oTig onoieg xopnynnkav gite pucio-
Aoywdg opdc, eite Tpapadorn 10 mg/kg 1 tpapadorn 40 mg/kg. H avaiynoia peremnOnke pe v vroPorn tov (dov
ot dokin g Oeppovopevng mhakag, yio 30 kot 60 Aemwtd peTd ™ yopnynon g Tpapadoing. Ipokeyévou yio
dokiacia g Beppovopevns mhdag, ta {da g euiAng BALB/cJ ota omoila yopnynnke tpapoddin otn docoroyio
tov 40 mg/kg eupdvicay koAvtepo eminedo avolynoiog amd ta avtictoryo {da g euing C57BL/6J. H xivntikdtnta
tov (Oov peAemOnke pe ) dokiun avoktol mediov. Ta (ba g euing BALB/cJ tapovsiocav docosEaptmdpevn peiwon
™G KvnTikdTTag TouG, evd T {da ¢ euAng CS7BL/6J mapovciacav Eviovn vaepkivntikdTTo ot 0601 Tov 40 mg/
kg tpapodding. Zounepaopatikd yoprynon papadorng ot doon tov 10 mg/kg dev éyet kappio enidpacrn oto eninedo
avodynoiog ywo o {do kot v dvo euAdv. TIpokeévov yio ) d6on Tov 40 mg/kg TpapadoAng avth eaivetar va Eyet
Kohd amoteléopata yo ta {da g euing BALB/CJ, evd ya ta {da g euing C57BL/6J dev Bewpeitan KatdAAnAn Aoym
NG TPOKOAOVLEVTG VITEPKIVITIKOTNTAG OTN SOKIUT avolkTod Ttediov. Oa mpémetl vo emonpoviet 6Tt Kotd T dradikacio
EMAOYNG TG TPALAOOANG MG avaiynTikoD Tapdyovta Bo tpénet va Aappdavetat voyn oyt poévo 1 docoroyio aAAd kot 1
@V Tov {Mov 6To omoio ot Ba yopnynOet.

AEEE1S EVPETNPLAGUOV: TPaUOIONN, EPYACTNPIAKIS LUGS, KIVATIKOTHTA, AVOAYNOLO.

INTRODUCTION

T ramadol is a centrally acting synthetic analgesic drug
with antinociceptive effects. It binds to the u-opioid
receptors with weak affinity while inhibiting the neuronal
uptake of norepinephrine and serotonin. Tramadol is a well
known drug for the treatment of intermediate or severe pain,
with lower incidence of adverse effects than other opioids
such as respiratory depression, sedation or nausea (Heavmer,
1997; Nolan AM, 2000). Its pharmacokinetics have been
studied in many animals including rats and mice (Flecknel,
2009). Even though its antinociceptive effects are based both
on opioid and non opioid mechanisms, it does not cause tol-
erance or physical dependence (Miranda and Pinardi, 1998).
It has been proven that tramadol exhibits dose-dependent and
time-dependent antinociceptive effect on acute thermal pain
in mice using the models of nociception most applied, the
hot plate and the tail flick test (Mattia et al., 1993; Bannon
and Malmberg, 2007; Aydin et al., 2012).

The distinct response to thermal pain after analgesia
administration may vary depending on the animal strain.
In a study during which 11 inbred strains of mice were
submitted to 3 assays of thermal nociception, the results
presented significant interstrain differences (Mogil et al.,
1999). Strain responsiveness depends on the genotype as
well as on the interaction between genes and environmen-
tal factors like stress-induced antinociception (SIA) (Mogil
et al., 1999). These differences are generally reflected in
the analgesic response to various opioids such as morphine
(Korostynski et al., 2006). Belknap et al. showed in their
study that DBA/2J and C3H/HeJ mice exhibited stronger
analgesic response to morphine than C57BL/6J mice by
using the hot plate test (Belknap et al., 1990).

Locomotor activity can be used in order to assess
behavioral patterns as well as signs of pain and discom-
fort (Flecknell and Liles, 1991; Jansen van’t Land and
Hendriksen, 1995). Administration of opioids, like trama-
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dol, can affect locomotor activity in rodents. In their study,
Murphy et al. observed differences in locomotor activity in
three different mouse strains after morphine administration
(Murphy et al., 2001). Furthermore, in a study conducted
on rats, higher doses of tramadol and administration for a
longer period had greater impact on the decrease of loco-
motor activity (Szkutnik-Fiedler et al. 2012).

The aim of this study was to evaluate the effects of
tramadol on acute thermal pain and locomotor activity in
C57BL/6J and BALB/cJ mice.

MATERIALS AND METHODS

The study was performed in the Laboratory Animal
Facilities of the Biomedical Research Foundation, Acade-
my of Athens. The competent Regional Veterinary author-
ity approved the experimental protocol in accordance to
Greek legislation (Presidential Decree 56/2013, in compli-
ance with the European Directive 2010/63).

Animals

Mice were housed in groups of 8 or 9 individuals, under
positive pressure in polysulfone type Il individual ventilat-
ed cages (Sealsafe®, Tecniplast, Buguggiate, Italy) under
specific pathogen-free (SPF) conditions, with 70 air changes
per hour and constant room environmental conditions (12:12
hour light: dark cycle (0700-1900), temperature 2242°C, a
light intensity of 300 Lux measured 1m above the floor in
the middle of the room, a positive air pressure of 0.6 Pa and
relative humidity 45+10%. The mice were fed irradiated pel-
lets (2918 Teklad Global 18% Protein Rodent Diet, Harlan
Laboratories, Indianapolis, USA) and had access to tap water
ad libitum. The cage bedding comprised corncob granules
(REHOFIX®, J. Rettenmaier & Séhne Co., Rosenberg,
Germany) and the cages and their bedding were changed
once a week. In each cage a mouse house was placed. All
mice in the facility were screened regularly by using a health
monitoring program, in accordance to the Federation of
European Laboratory Animal Science Associations’ recom-
mendations, and were free from a wide range of pathogens
(Méhler et al., 2014).

Pharmaceutical compound

The analgesic used in this study was tramadol hydro-
chloride (Tramal®, 100 mg/amp, Griinenthal, Aachen,
Germany), and was injected intraperitoneally (i.p.). Tramal
0.1 mL was diluted in 0.9 ml saline, and mice received
intraperitoneally 0.02 ml solution for every 10 g of their

weight. The administration of the substances was per-
formed by an experienced animal technician between 0900
and 1200 hours.

Treatment groups

In our study, subjects were 11-13 weeks-old male
C57BL/6J (n=39) and BALB/cJ (n=38) mice. Mice of
each strain were randomly divided into 6 groups. Group A
(n=12), group B (n=13), group C (n=13), group D (n=13),
group E (n=13) and group F (n=13). C57BL/6J mice were
randomly allocated in groups A, C and E. BALB/cJ mice
were divided in groups B, D and F. Animals were treated
with saline (groups A and B), 10 mg/kg tramadol (groups C
and D) or 40 mg/kg tramadol (groups E and F).

Data collection

One week prior to the experimental study as well as
on the day of the experiment, animals’ body weight was
recorded. All animals were subjected to the same exper-
imental procedure. The room in which the behavior tests
were conducted had constant temperature of 22°C. In order
to acclimatize the animals, the cages were transferred to the
room 30 minutes before the commencement of any pro-
cedure. In our study, prior to the onset of the experiments,
there was a week handling period in order to minimize the
stress of the animals during the procedures.

Hot-plate test

The surface of the hot-plate apparatus (Stoelting Co.,
IL, USA) was heated up to 52.00C. An open-top acrylic
glass cylinder was placed on the aluminum plate to pre-
vent the animals’ escape. Between the cylinder glass and
the aluminum surface, a cardboard was placed in order to
avoid heating of the animal before timing started. Each
mouse was placed on the hot-plate and monitored by two
observers. The animals were observed until they presented
a nociceptive response or until the cutoff time was reached.
The responses that were measured were: licking, lifting
or fluttering a hindpaw and jumping. Front paw licking or
lifting is not a reliable sign of discomfort because it is a
common grooming response and may have no relation to
experiencing pain (Bannon and Malmberg 2007). A cut-off
time of 30 seconds was imposed to prevent tissue damage.
When one of the responses was observed, or when cut-off
time had passed, the mouse was removed from the hot-
plate and the chronometer of the apparatus was stopped.
The animals were exposed at the hot-plate twice. The
first time was before the i.p. injection, in order to have a
baseline reaction, while the second time was after the i.p.
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injection in order to record the substance’s effect on the
animal’s reflexes. Thirty-eight mice were tested 30 minutes
and 39 mice were tested 60 minutes after treatment. The
hot-plate responses of each mouse in the drug-induced
antinociception were converted to percent of maximal pos-
sible effect (%oMPE) according to the following formula:

%MPE = [(test latency-baseline latency)/ (cutoff laten-
cy-baseline latency)] x100%.

Open field test

Locomotor activity was assessed in a transparent
plexiglass box (40 x 40 x 35 cm) immediately after the
saline or drug administration. Testing was performed
between 0900 and 1300 hours. The apparatus was
designed in such way that two animals could be observed
simultaneously. Each animal was placed in the center of
the box and was allowed to explore the arena freely for 30
min. Distance travelled (cm), velocity (cm/sec), and time
spent at the center of the field (sec), were measured with an
overhead camera and specialized video tracking software
(Ethovision XT8.5, Noldus). The testing chamber was
cleaned between trials with 70% ethanol.

Statistical analysis

All statistical analyses were conducted using a com-
puterized statistical software package (SPSS Version 20.0,
SPSS Inc., Chicago, IL, USA). Results have been compared
using multi-factor analysis of variance. A p-value less than
0.05 was considered statistically significant. All data are pre-
sented as mean or percentage + standard error (SEM). The
first step in the statistical analysis was to evaluate the normal
distribution of data (Kolmogorov-Smirnov test and P-P
plots). For the hot-plate test, dose-response relationships as
well as time course of tramadol antinociceptive effects were
analyzed in C57BL/6J and BALB/cJ mice. For this purpose
a 3 (Treatment) x 2 (Strains) x 2 (Time point) analysis of
variance (ANOVA) was calculated. For the open field test,
the ambulatory distance, the time spent in the center of the
apparatus as well as the velocity were analyzed using repeat-
ed measures ANOVA with post hoc analysis.

RESULTS

Hot-Plate Test

There was a significant Treatment x Strains interaction
[F(2,64)=8.28, p<0.005] while a significant main effect of
strain was observed on the highest dose of tramadol (40
mg/kg) [F(1,64)=15.00, p<0.0001]. For BALB/cJ mice

there was a statistically significant difference between vehi-
cle and tramadol 40 mg/kg (p<0.0001) as well as between
tramadol 10 mg/kg and tramadol 40 mg/kg (p<0.00001).
More specifically, tramadol 40 mg/kg showed significantly
higher % MPE compared to vehicle and tramadol 10 mg/
kg for animals tested 30 min (100% + 0.00 vs 10.63% +
10.21 and 31.79% + 13.72 respectively) as well for those
tested 60 min (90.40% + 7.56 vs 7.69% = 4.41 and 22.38%
+ 13.88 respectively) after injection. There was no statisti-
cally significant difference (p>0.05) between vehicle and
tramadol 10 mg/kg for both time points (10.63% + 10.21
vs 31.79% + 13.72, 30 min post injection; 7.69% =+ 4.41
vs 22.38% + 13.88, 60 min post injection). The same phe-
nomenon was observed for C57BL/6 mice where tramadol
40 mg/kg subgroup exhibited statistically greater % MPE
values both 30 min (p<0.05) and 60 min (p<0.05) after
injection in comparison with vehicle (37.43% + 13.71 vs
6.40% =+ 5.21, 30 min post injection; 37.97% + 11.81 vs
8.67% = 8.67, 60 min post injection) and tramadol 10 mg/
kg (37.43% + 13.71 vs 6.31% = 3.55, 30 min post injec-
tion; 37.97% = 11.81 vs 26.06% =+ 9.66, 60 min post injec-
tion) subgroups. There was also no statistically significant
difference (p>0.05) between vehicle and tramadol 10 mg/
kg (6.40% = 5.21 vs 6.31% = 3.55, 30 min post injection;
8.67 % £ 8.67 vs 26.06 % £ 9.66, 60 min post injection).

Furthermore, a significant main effect of treatment was
observed for both BALB/cJ (p<0.0001) and C57BL/6J
(p<0.05) mice. BALB/cJ and C57BL/6J showed sta-
tistically significant difference for tramadol 40 mg/kg
(p<0.0001) with BALB/cJ mice exhibiting higher % MPE
than C57BL/6J mice (100% + 0.00 vs 37.43% + 13.71, 30
min post injection; 90.40 % + 7.56 vs 37.97% =+ 11.81, 60
min post injection). No statistically significant difference
(p>0.05) was observed on % MPE between BALB/cJ and
C57BL/6J for vehicle (10.63% + 10.21 vs 6.40% + 5.21,
30 min post injection; 7.68% = 4.41 vs 8.67% + 8.67,
60 min post injection) as well as for tramadol 10 mg/kg
(31.79% + 13.73 vs 6.31% =+ 3.55, 30 min post injection;
22.38% + 13.88 vs 26.06% =+ 9.66, 60 min post injection).
Finally, % MPE in C57BL/6J mice showed an increment
by tramadol in hot plate test from 30 min to 60 min after
injection while for BALB/cJ mice % MPE decreased from
30 min to 60 min after injection. All estimated values are
presented in Figure 1.

Open Field Test

Examining the distance traveled during the six 5 min-
ute periods of the 30-minute open field test, three way
repeated measures ANOVA with post hoc analysis showed
significant interaction of Treatment x Time periods x
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Strains [F(10,350)=6.63, p<0.001]. There was a significant
main effect of treatment [F(2,70)=5.75, p=0.05] as well
as a significant main effect of strain [F(1,70)=141.035,
p<0.001]. Multiple comparisons (Bonferonni correction)
showed that in both strains the ambulatory distance for
vehicle and tramadol-treated animals was significantly
reduced during the test with the exception of C57BL/6J
mice treated with the higher dose of tramadol which exhib-
ited significantly increasing traveled distance over time
[statistically significant difference (p<0.001) only between
the first and the following periods]. BALB/cJ mice in
tramadol 10 mg/kg and tramadol 40 mg/kg subgroups
covered significantly less distance (p<0.001) compared to
vehicle subgroup (Figure 2).

For all five-minutes periods, it was observed that
C57BL/6J mice were more hyperactive covering greater
distance in the open field apparatus but only for trama-
dol 40 mg/kg this difference was statistically significant
[F(5,120)=16.320, p<0.001] (Figure 3).

Furthermore, concerning the time spent in the center
of the apparatus, we observed a significant Time peri-
ods x Strains interaction [F(5,355)=6.886, p=0.001].
There was a significant main effect of Treatment
[F(2,71)=8.782, p<0.001] as well as a main effect of Strain
[F(1,71)=11.082, p=0.001]. Tramadol in either concentra-
tion further reduced the time that BALB/cJ and C57BL/6J
mice spent on the central square compared to vehicle but
only for BALB/cJ there was a statistically significant differ-
ence between vehicle and tramadol 10 mg/kg (p<0.05) as
well as between vehicle and tramadol 40 mg/kg (p<0.01).
C57BL/6J mice spent longer resting time in the center
than BALB/cJ exhibiting statistically significant difference
between strains for the animals receiving tramadol 10mg/
kg (p<0.001) or tramadol 40mg/kg (p<0.001) but not for
the ones receiving vehicle (p>0.05) (Figure 4).

Lastly, as far as the animals’ velocity is concerned
three-way repeated measures showed significant interaction
of Treatment x Time periods x Strains [F(10,355)=5.425,
p<0.001]. Velocity exhibited the same pattern as ambulato-
ry distance, which was reducing over time for all treatment
groups in both strains [statistically significant difference
(p<0.001) only between the first and the following periods]
with the exception of C57BL/6J mice receiving tramadol
40 mg/kg which increased their speed starting from the
third five-minute period. Multiple comparisons showed that
for BALB/cJ mice there was a statistically significant dif-
ference between vehicle and tramadol 10 mg/kg (p<0.01)
as well as tramadol 40 mg/kg (p<0.001) but not between
tramadol 10 mg/kg and tramadol 40 mg/kg (p>0.05), with
the vehicle group moving faster (Figure 5). In addition, for

Figure 1. Histograms showing the comparison of percent of maxi-
mal positive effect (%oMPE) during hot plate test between vehicle
(VEH) (groups A, B), tramadol (TRM)10 mg/kg (groups C, D) and
tramadol (TRM) 40 mg/kg (groups E, F) in C57BL/6J and BALB/
cJ mice for two different time points (30 and 60 min). Bars indicate
mean+SEM.
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Figure 2. Diagrams showing locomotor activity observed during
the open field test for BALB/cJ mice after vehicle (VEH) (group
B), tramadol (TRM) 10 mg/kg (group D) and tramadol (TRM) 40
mg/kg (group F) administration. Values expressed as mean+SEM.
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Figure 3. Diagrams showing locomotor activity observed during
the open field test for C57BL/6J mice after vehicle (VEH) (group
A), tramadol (TRM) 10 mg/kg (group C) and tramadol (TRM) 40
mg/kg (group E) administration. Values expressed as mean+=SEM.
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Figure 4. Histograms showing the comparison of time spent in
the central square of the open field arena during the open field
test by mice of all groups. Bars indicate mean+SEM
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Figure 5. Diagrams showing velocity observed at BALB/cJ mice
during the open field test after vehicle (VEH) (group B), tramadol
(TRM) 10 mg/kg (group D) and tramadol (TRM) 40 mg/kg (group
F) administration. Values expressed as mean+SEM
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Figure 6. Diagrams showing velocity observed at C5S7BL/6J mice
during the open field test after vehicle (VEH) (group A), tramadol
(TRM)10 mg/kg (group C) and tramadol (TRM) 40 mg/kg (group
E) administration. Values expressed as mean+SEM.

o
H

=#=\tH

éi

== TRM 10mpg/g

L]

Welacity (cmyfs)
&
/I‘
q

1
H

TR 40 kg

(=T

Time [min)

C57BL/6J mice there was statistically significant differ-
ence between tramadol 40 mg/kg and tramadol 10 mg/kg
(p<0.01) with then animals of the higher dose moving fast-
er than the animals receiving vehicle or tramadol 10 mg/
kg (Figure 6). For every treatment group C57BL/6J mice
exhibited increased velocity compared to BALB/cJ mice.

DISCUSSION

Laboratory animals can experience pain and distress
during and after various types of experimental procedures.
In general, the prevention of pain and therefore the timely
administration of analgesics, whenever pain is expected,
are of highest importance. The assessment of pain and
distress in order to reduce it is equally significant. Different
analgesic regimens are available to effectively treat pain
without interfering with the objectives or the results of the
experimental protocol. Choosing the analgesic drug and
the appropriate dose depends on the animal’s species. The
purpose of the present study was to evaluate the effects of
tramadol on acute thermal pain and locomotor activity in
two different strains of mice.

Tramadol is used in order to treat moderate or severe
pain, both acute and chronic. Its effectiveness is based
upon two mechanisms: it binds to the p-opioid receptor
and inhibits the reuptake of serotonin and norepinephrine,
acting as an atypical opioid analgesic (Duthie,1998; Ide
et al., 2006). It is suggested that tramadol addresses pain
through the activation of prosynaptic a2-adrenoceptors.
This monoaminergic modulation along with the opioid
activity results in the analgesic effects of tramadol (Duthie,
1998). Tramadol has been tested on various animal species
such as dogs, goats, rats and mice. The recommended dose
for mice is 5 mg/kg injected subcutaneous (s.c.) or intra-
peritoneally (i.p.) but the duration of action is uncertain
(Flecknel, 2009).

Various studies have indicated that tramadol is also
effective on acute thermal pain with dose- and time- related
antinociceptive effects in mice (Mattia et al.,1993; Aydin et
al., 2012). Additionally, in a study conducted on Kunming
mice, where the hot plate test was used, i.p. administration
of tramadol 32 mg/kg produced a maximal analgesic effect
after 15 minutes (Zhang et al., 2011), while on ICR mice,
tramadol produced a maximal analgesic effect at the dose
of 75 mg/kg by i.p. injection, and the effect persisted for
approximately 2 hours (Mattia et al., 1993). Nevertheless,
i.p. administration of tramadol 10 mg/kg 30 min prior
to surgery, followed by 10 mg/kg i.p. every 12h for 60
h showed no effect on heat hyperalgesia or mechanical
weight bearing on rats which were followed for 6 days after
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surgery (McKeon et al., 2011). In the current study only
the dose of 40 mg/kg tramadol had statistically significant
antinociceptive effects both on BALB/cJ and C57BL/6J
mice. The group of tramadol 10 mg/kg exhibited greater
latencies compared to the vehicle (control) group but this
difference was not statistically significant. This leads to
the conclusion that tramadol 10 mg/kg may be an insuf-
ficient dose for the treatment of acute thermal pain in
these strains. Furthermore, BALB/cJ mice appeared to be
sedated after administration of the higher dose of tramadol.
A study conducted on Sprague Dawley rats showed that
60 min after i.p. administration of 12.5 mg/kg tramadol
increased latency in the hot plate test, whereas greater
doses (25 and 50 mg/kg) caused sedation and affected
motor function (Cannon et al., 2010).

Mogil et al. concluded that genotype affects perfor-
mance of mice in various models of nociception, including
the hot plate test. BALB/cJ mice exhibited greater latency
times (almost double) than C57BL/6 mice on the hot-plate
(53°C) without use of analgesia (Mogil et al., 1999). Same
observations were made after the administration of sus-
tained-release buprenorphine (bup-SR) with SWR/J mice
being more sensitive to acute thermal pain than BALB/cJ
mice (Carbone et al., 2012). There were also no statistical-
ly significant differences between the %MPEs of the two
strains after the administration of tramadol 10 mg/kg. There
were statistically significant differences between C57BL/6J]
and BALB/cJ only for the tramadol 40 mg/kg groups, where
BALBY/cJ mice exhibited much higher %MPEs. It was also
observed that the two strains exhibited different behaviors
during the hot-plate test. C57BL/6] mice appeared to be
more aggressive and more stressed, trying to step on their
tiptoes and place their rear paws on the glass cylinder possi-
bly to avoid the heat. No attempts to escape from the appa-
ratus (jumping) were observed. Nearly all BALB/cJ mice
treated with 40 mg/kg tramadol reached cut-off time without
moving and were removed from the apparatus.

The open-field test is the most common way to assess
locomotion and other behaviors such as anxiety in rodents
(Hall and Ballachey, 1932; Gould et al., 2009). In this
study the open-field test was used, and three parameters of
locomotor activity were examined: the distance travelled,
the velocity, and the time spent in the center of the appa-
ratus. In the tramadol treated groups it was observed that
C57BL/6] moved significantly faster than BALB/cJ mice,
and also covered greater distance in the apparatus but the
difference was not statistically significant. Carola et al.
showed in their study that BALB/cJ mice exhibited lower
overall locomotor activity than C57BL/6J mice in the
open field test, whereas the parameters measured suggest-

ed that the two strains present different mechanisms and
behaviors in order to cope with stress and anxiety (Carola
et al., 2002). The time spent in the center of the open-field
apparatus is mainly a measure of anxiety-related behavior
It has been shown that BALB/cJ mice appear to be more
stressed than C57BL/6J according to locomotor activity
measurements using the open field test (Carola et al.,
2002; O’Leary et al., 2013). In our study C57BL/6J mice
spent more time in the center of the apparatus compared to
BALB/cJ mice in all groups, but there was no significant
difference between the control groups. Tramadol adminis-
tration reduced the time spent in the center in all groups,
and had a greater impact on BALB/cJ than on C57BL/6]
mice.

Tramadol appeared to cause a dose-and time-related
reduction of ambulatory distance and velocity in BALB/
cJ mice. It was also observed that they spent less time in
the center of the apparatus compared to C57BL/6J mice,
which suggests higher stress levels. A study conducted
on Wistar rats showed that although tramadol 5 mg/kg in
single administration did not cause changes in locomotor
activity compared to the control group, the higher doses
administered (10 and 20 mg/kg) leaded to dose-depended
decrease in locomotor activity (Szkutnik-Fiedler et al.,
2012).

The most important finding of the open field test was
the great increase of ambulatory distance and velocity of
C57BL/6J mice in the subgroup treated with 40 mg/kg
tramadol. It seems that the highest dose of tramadol caused
hyperactivity in C57BL/6] mice almost immediately after
drug administration. Liang et al. showed that locomotor
activity of Kunming mice was not affected by tramadol
treatment (1-16 mg/kg i.p.), suggesting that tramadol did
not appear to possess psychomotor-stimulating effects in
mice (Liang et al., 2006), assumption which contrasts to
the results of the current study. The aforementioned data
concur well with another study conducted on female CD1
mice that were injected s.c. with tramadol 20 mg/kg once
daily for 48 hours after surgery. On the first post operative
day locomotor activity was greatly increased, while night-
time activity was reduced (Rétsep et al., 2013). Likewise,
single i.p. injection of intermediate doses of tramadol in
rats slightly increased their locomotor activity reaching the
maximum effect 20-30 minutes after administration, while
higher doses reduced activity (Tzschentke et al., 2002).

CONCLUDING REMARKS

The lower dose of tramadol (10 mg/kg) has insuffi-
cient antinociceptive effects on acute thermal pain for both
strains. The highest dose of tramadol used in this study
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(40 mg/kg) was greater than the one required for BALB/
cJ mice, as they were under sedation for at least 60 min-
utes after drug administration. The same dose of tramadol
appeared to be effective on C57BL/6J mice as latency times
on the hot plate were significantly increased. Despite this
fact, it is not a suitable choice as an analgesic, especially
postoperatively, as it causes hyperactivity to this strain.
Therefore, we recommend that when planning an experi-
ment that includes administration of drugs and especially
analgesics, one should take under consideration the strain
of the animal, and also the potential side effects before con-
firming the choice of drug and selecting the most effective
dose. It should be also underlined that although treatment

of pain is of major significance, when signs of pain are
observed, the prevention of pain and therefore the timely
administration of painkillers whenever pain is expected are
of highest importance.
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