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The Effects of Tramadol on Electroencephalographic Spectral
Parameters and Analgesia in Rats
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The effects of different doses of tramadol on analgesia and electroencephalographic (EEG) spectral
parameters were compared in rats. Saline or tramadol 5, 10, 20 or 40 mg/kg was administered. The
degree of analgesia was evaluated by tail-flick latency, and the degree of seizure was measured using
numerical seizure score (NSS). Additionally, band powers, median power frequency and spectral edge
frequency 95 were measured to quantify the EEG response. All doses of tramadol produced spike-wave
discharge. Tramadol significantly and dose-dependently increased the analgesia, but these effects did
not correspond with the changes in the EEG spectral parameters. NSS significantly increased in the
Tramadol 20 and 40 mg/kg treatment groups compared to the Control and TRA5 groups, and two
rats given 40 mg/kg had convulsions. In conclusion, tramadol dose-dependently increased the analgesic
effect, and the 10 mg/kg dose appears to be a reliable clinical dose for analgesia in rats, but
dose-dependent increases in analgesia and seizure severity did not correlate with EEG spectral

parameters.
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INTRODUCTION

Tramadol is a synthetic opioid drug that has a dual mech-
anism of analgesic action as a serotonin and norepinephrine
reuptake inhibitor and a mu-opioid receptor agonist [1,2].
Formation of metabolite M1 is important for the analgesic
effect of tramadol [3,4].

In human and animal clinical treatment, tramadol has
a relatively lower incidence of addiction and is considered
a safe analgesic for the treatment of moderate to severe
pain [2,5-8]. In addition, tramadol is also used to reduce
the anaesthetic requirements [9,10]. However, the pharma-
cokinetics of tramadol and M1 production in dogs were
known to differ, and re-evaluation of dosage and analgesia
was therefore needed [2,11,12].

Even though tramadol has relatively low side effects, two
significant adverse reactions can occur with tramadol: seiz-
ures and serotonin syndrome [5,13-15]. These events are
related to the inhibition of serotonin and norepinephrine
reuptake by tramadol and/or its opioid effects [16] and may
develop during monotherapy at recommended or excessive
doses in animals and humans [13,14].

The electroencephalographic (EEG) changes by tramadol
have been investigated in dogs and humans [17,18], but on-
ly in the anaesthetized state. As far as we know, there has
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been no report about the effects of different doses of trama-
dol on EEG, although tramadol has proconvulsive effects.
The purpose of this study was to compare the effects of dif-
ferent doses of tramadol on the analgesic effect and the
spectral EEG parameters in the frontal cortex (FC) and the
parietal cortex (PC) in rats, as the prominent EEG pattern
differs according to the cortical region [19-21].

METHODS
Experimental animals

Sixty adult male Sprague-Dawley rats (Samtaco, Osan,
Korea) weighing 320~450 g were used. Each two animals
were housed together in a Plexiglas cage (28 cmWx42 cmDx
18 cmH) and were maintained in a controlled environment
throughout the study: 22~24°C ambient temperature,
12:12-hour light-dark cycle (lights on from 7:00 to 19:00),
with a commercial food and tap water available ad libitum
except on the day of the experiment. The rats were sacri-
ficed by an overdose of CO; inhalation after the completion
of the experiment. Kyungpook National University Institu-
tional Animal Care and Use Committee approved the study,
and experiments were carried out in accordance with the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals (1996).

ABBREVIATIONS: EEG, electroencephalogram; TFL, tail-flick
latency; NSS, numerical seizure score; %MPE, a percentage of
maximal possible effect; MPF, median power frequency; SEF95,
spectral edge frequency 95; SWD, spike-wave discharge.
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Drugs

Tramadol (Toranzin, Samsung Pharm. Ind. Co., LTD.,
Seoul, Korea) and normal saline were purchased as com-
mercial products. Tramadol was freshly diluted with nor-
mal saline immediately before dosing, and the admin-
istration volume was 1.0 ml/kg. All drugs were ad-
ministered intraperitoneally in the present study, unless
otherwise stated.

Experimental procedures

This study comprised two experiments; the first experi-
ment was designed to evaluate the analgesic effects of tra-
madol at various doses, and second experiment was de-
signed to evaluate the effects of tramadol on EEG.

In the first experiment, the rats were randomly divided
into five groups (n=6 for each group) according to drug: nor-
mal saline 1.0 ml/kg (‘Control’ group), tramadol 5, 10, 20
or 40 ml/kg treatment (‘TRA5, ‘TRA10’, ‘TRA20’ and ‘TRA40’
groups, respectively). On the day of experiment, the rats
were allowed to acclimate for >1 hour in a Plexiglas cage
in the experimental room. At least thirty minutes before
the baseline measurements, tail-flick latency (TFL) tests
were performed using warm water (40°C) [22,23] for the
evaluation of warm allodynia, and the rats showing a
30-second cut-off value were included in further studies.
Baseline TFL was measured three times at a 30-minute
interval. Baseline value measurement was completed by
twelve o’clock. Drug treatments were always administered
between 14:00 and 14:15 to minimize any errors introduced
by circadian rhythm. Post-drug TFL and visual seizure
score were measured at 30, 60, 90, 120, 180, and 240 mi-
nutes after drug treatment.

In the second experiment, the rats were randomly as-
signed to five groups (n=6 for each group) according to drug
treatment: normal saline 1.0 ml/’kg (‘Control’ group), trama-
dol 5, 10, 20 or 40 ml/kg treatment (‘TRA5, ‘TRA10’, ‘TRA20’
and ‘TRA40’ groups, respectively). Surgery and EEG record-
ing methods were similar to those in a previous study [24].
In brief, at least 7 days before starting the experiments,
epidural screw electrodes (tip diameter 1.0 mm) for EEG
recording were implanted under ketamine (60 mg/kg) and
medetomidine (0.4 mg/kg) anesthesia. After the rats showed
no purposeful movement in response to a strong tail-pinch,
the rats were placed in a stereotaxic apparatus. The mid-
line scalp was locally anesthetized with 2% lidocaine, in-
cised, and then the periosteum and the skull surface were
cleaned. Six small holes were drilled bilaterally into the
frontal bone (3.5 mm anterior and 1.25 mm from bregma),
parietal bone (5 mm posterior and 2.5 mm from bregma),
and the interparietal bone over the cerebellum (10 mm pos-
terior and 2.0 mm from bregma) without perforating the
dura mater using a low-speed burr (ball diameter 0.8 mm)
and a surgical microscope. Four gold-layered stainless steel
screws for EEG recording were inserted into the frontal and
parietal cortices (FC and PC, respectively). Two screws over
the cerebellum served as reference and ground electrodes.
The electrodes with connecting pins were arranged together
in 3x2 matrices and fixed over the skull with dental acrylic.
Butorphanol (2.0 mg/kg, b.i.d., Butophan inj., Myungmoon
Pharma Co., Ltd., Seoul, Korea) was administered for 2
days to alleviate pain during the recovery. On the day of
the experiment, two rats were habituated to a recording

box for 2 hours, and the rats were allowed free movement
using a tether and a swivel system. The ambient temper-
ature in the recording box was maintained at 22+1°C. Drug
treatments were completed within 2 minutes for each rat.
EEG signals were recorded continuously throughout the
experiment. The 4-channel EEG signals over the frontal
and parietal cortices were recorded monopolarly with re-
spect to the reference electrode. The connecting pins were
attached via a tether and swivel arrangement to a bio-
electric amplifier (CyberAmp 380; Axon instruments Inc.,
Foster City, CA, USA). The EEG signals were amplified
10,000% and filtered at a range of 1 to 60 Hz. The signals
were saved to a personal computer by an AD converter
(DigiData 1200A; Axon instruments Inc.) at a sampling rate
of 600 Hz.

The degree of analgesia

Thermal antinociception was assessed using tail-flick la-
tency (TFL). The method was similar to that used in a pre-
vious report [25]. In brief, the thermal stimulus comprised
immersion of one- to two-thirds of the tail in a 50°C water
bath. The immersed tail length was alternatively changed
to avoid sensitization or adaptation. During testing, the
rats were loosely wrapped in a towel and were gently re-
strained by the experimenter. Only tail flicking was admit-
ted as a positive response, and the latency to tail-flick re-
sponse was measured by a stopwatch. The cut-off time was
15 seconds to minimize tissue damage. After each measure-
ment, the tail was dried with a paper towel. TFLs are ex-
pressed as a percentage of maximal possible effect (%MPE),
which was calculated from the following formula:

ok MPE= post-drug latency (second) —baseline latency (second) X100
° cut-off value (15-second) —baseline latency (seconds)

The degree of seizure

Numerical seizure score (NSS) was used. Seizure activity
and severity was visually scored using a modified Racine
scale [26] from O to 5 as follows: 0, no response; 1, wet-dog
shake/or behavioral arrest; 2, wet- dog shake, staring, paw-
ing, clonic jerks; 3, bilateral forelimb clonus with rearing,
falling; 4, continuous grade 3 seizures for >30 minutes; and
5, death.

EEG spectral parameters

The raw EEG signal was visually inspected prior to anal-
ysis, and epochs (10-second) with artifacts were removed
by a self-made program. Artifact- free 30-minute EEG sig-
nals at 30 (from immediately after drug injection to 30 mi-
nute), 60 (30~60 minute), 90 (60~90 minute), 120 (90~
120 minute), 180 (150~ 180 minute), and 240 (210~240 mi-
nute) minutes after saline or tramadol administration were
used to quantify the EEG. The Hanning-windowed
2.5-second epochs (1.25-second overlap) were converted to
power spectra using a fast Fourier transform algorithm and
then averaged to power spectra.

Relative band powers: Power spectra were cut into nine
frequency bands: deltal, 1~2.5 Hz; delta2, 2.5~4.0; thetal,
4~6; theta2, 6~8; alpha, 8~13; betal, 13~21; beta2, 21~
32; gamma, 32~50; and total, 1~50 Hz. Then, the relative
band powers were calculated by each band power percent-
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age to total power at each recording period.

Median power frequency (MPF) and spectral edge fre-
quency 95 (SEF95): The frequencies below 50% and 95%
of the total power were calculated.

The number of spike-wave discharges (SWD): The
number of spike-wave patterns on EEG was counted on
each cortex. A spike-wave discharge train was counted
as one.

Statistical analysis

All data were expressed as mean+SD. Variables of tail-
flick latency, the degree of seizure, relative band power, MPF
and SEF95 were analyzed by two-factor repeated-measures
ANOVA with time and treatment, and a Bonferroni test
was used to analyze variables for time between groups
(SPSS 14.0K; Datasolution, Seoul, Korea). The number of
SWD was analyzed by a Kruskal-Wallis H test followed by
a Mann-Whitney test. If the p value was less than 0.05,
it was considered statistically significant in two-factor re-
peated measures. In addition, p<0.05 in a Kruskal-Wallis
test or p<0.01 in a Mann-Whitney test was considered stat-
istically significant.

RESULTS

In the second experiment, 2 rats in the TRA40 group had
convulsive seizures; however, this was not observed in the
first experiment for assessing the degree of analgesia and
seizure. Additionally, zero mortality was observed in all
doses of tramadol treatment.
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Fig. 1. Time course of analgesic effects in rats treated with
tramadol. The rats (n=6) were intraperitoneally administered
saline, and tramadol 5, 10, 20 and 40 mg/kg, respectively (group
‘Control’, ‘TRAS, ‘TRA10’, “TRA20’ and ‘TRA40’). Analgesic effects
were evaluated with 50°C hot-water tail-flick latency, and were
expressed as a percentage of maximal possible effect (%MPE). Data
were expressed as mean+S.D. Data were analyzed by two factor
repeated measures ANOVA with time and treatment, and a
Bonferroni test was used to analyze variables for time between
groups. *p<0.05 when compared to Control group, “p<0.05 when
compared to TRA5 group, 'p<0.05 when compared to TRA10
group, and ®p<0.05 when compared to TRA20 group.

The degree of analgesia

Repeated-measures ANOVA revealed that treatment
(F=39.8, p<0.001), time course (F=9.9, p<0.001) and inter-
action (F=2.6, p<0.01) were significant (Fig. 1). The Bon-
ferroni test indicated a dose-dependent significant increase
of %MPE; all treatments, except TRA5 (p=0.329), sig-
nificantly increased %MPE (p<0.01 at TRA10, p<0.001 at
TRA20 and TRA40) compared to Control group. When com-
pared to the TRA5 group, variables in the TRA20 and
TRA40 groups significantly increased (p<0.01 and p<
0.001, respectively). Additionally, variables in the TRA40
group significantly increased when compared to the TRA10
and TRA20 groups (p<0.001, both of them).

The degree of seizure

Control and TRA5 treatment did not result in seizure-like
activity during any recording times, and no rats exhibited
convulsions at any dose of tramadol. Staring and behavioral
arrest with dull or no concern about environmental stimuli
were common. Repeated-measures ANOVA revealed that
treatment (F=5.9, p<0.01), time course (F=18.2, p<0.001)
and interaction (F=4.4, p<0.001) were significant (Fig. 2).
Bonferroni test showed that tramadol 20 and 40 mg/kg
treatments significantly increased NSS (p<0.05) compared
to Control and TRA5 groups.

Relative band powers

Variables in frontal cortex (FC) changed more sig-
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Fig. 2. Time course of degree of seizure in rats treated with
tramadol. The rats (n=6) were intraperitoneally administered
saline, and tramadol 5, 10, 20 and 40 mg/kg, respectively (group
‘Control’, ‘TRA5’, ‘TRA10’, ‘TRA20’ and ‘TRA40’). The degree of
seizure were evaluated with numerical seizure score (NSS), a
modified Racine scale, from 0 to 5 as follows: 0, no response; 1,
wet-dog shake/or behavioral arrest; 2, wet-dog shake, staring,
pawing, clonic jerks; 3, bilateral forelimb clonus with rearing
falling; 4, continuous grade 3 seizures for >30 min; and 5, death.
Data were expressed as mean+S.D. Data were analyzed by two
factor repeated measures ANOVA with time and treatment, and
a Bonferroni test was used to analyze variables for time between
groups. Statistical results were not marked in figure, but were
described in text.
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Fig. 3. Relative band powers on
the medial prefrontal cortex (FC)

in rats treated with tramadol.
The rats (n=6) were intraperito-
neally administered saline, and
tramadol 5, 10, 20 and 40 mg/kg,
respectively (group ‘Control’,
‘TRAS, ‘TRA10’, ‘TRA20’ and
‘TRA40’). Data were expressed
as mean+S.D. Data were analyzed
by two factor repeated measures
ANOVA with time and treat-
ment, and a Bonferroni test was
used to analyze variables for time
between groups. Statistical results
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nificantly with different drug treatment than those in the
parietal cortex (PC)

FC: Deltal, theta2 and alpha bands showed significant
changes with different doses of tramadol (F=7.4, p<0.001
at deltal; F=3.0, p<0.05 at theta2 and F=5.2, p<0.01 at
alpha) (Fig. 3). Deltal power in the TRA40 group changed
significantly compared to all other groups (p<0.001 vs.
Control and TRA5 groups, p<0.05 vs. TRA10 group and
p=0.036 at TRA20 group). Theta2 powers of TRA5 and
TRA40 were significantly different (p<0.05). Alpha powers
in the TRA20 and TRA40 groups were significantly differ-
ent compared to those in the Control group (p<0.05 and
p<0.01, respectively).

PC: Only deltal power showed significant changes by drug
treatment in repeated-measures ANOVA (F=2.8, p<0.05)

were not marked in figure, but

90 120 150 180 210 240(min) were described in text.

but no significance in Bonferroni test (Fig. 4).
MPF and SEF95

FC (Fig. 5): Repeated measures ANOVA revealed that
time (F=4.6, p<0.01), interaction (F=1.8, p<0.05) and
treatment (F=3.8, p<0.05) were significant, and the
Bonferroni test showed that the TRA40 group was sig-
nificantly changed compared to Control and TRA5 groups
(p<0.05). In SEF95, time (F=8.9, p<0.001) was significant,
but interaction (F= 1.5, p=0.090) and drug treatment
(F=0.7, p=0.604) were not significant.

PC (Fig. 5): Repeated measures ANOVA revealed that in-
teraction (F=1.9, p<0.05) was significant, but time (F=0.8,
p=0.569) and treatment (F=2.3, p=0.090) were not signifi-
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treated with tramadol. The rats

(n=6) were intraperitoneally ad-

90 120 150 180 210 240(min) ministered saline, and tramadol
5, 10, 20 and 40 mg/kg, respec-
gamma - PC tively (group ‘Control’, ‘TRAS,

‘TRA10’, ‘TRA20’ and ‘TRA40’).
Data were expressed as mean+
S.D. Data were analyzed by two
factor repeated measures ANOVA
with time and treatment, and a
Bonferroni test was used to ana-
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significant changes by drug
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cant. In SEF95, time (F=9.5, p<0.001) and interaction
(F=1.9, p<0.05) were significant, but drug treatment
(F=1.0, p=0.432) was not significant.

The number of SWD

SWD appeared in almost all doses of tramadol (Fig. 6),
and 2 rats in the TRA40 group had convulsive seizures
(Fig. 7). The number of SWD in both FC and PC were sig-
nificantly increased by treatment [x %(4)=24.206, p<0.001
in both cortices] (Fig. 8). In FC, the number of SWD in the
TRA40 group was significantly increased when compared
to the Control, TRA5 and TRA10 groups (p<0.01). In PC,
the number of SWD in the TRA40 group was significantly

60

ANOVA (F=2.8, p=0.046) but no
significance in Bonferroni test.

90 120 150 180 210 240(min)

increased compared to that in the other groups (p<0.01).
The number of SWD in FC appeared to be higher than that
in PC, but the differences between FC and PC in all groups
were not significant (p=0.363 in TRA5, p=0.092 in TRA10,
p=0.194 in TRA20 and p=0.056 in TRA40, respectively, by
Student’s ¢-test).

DISCUSSION

The present results show that 1) tramadol significantly
increased the analgesic effect in a dose-dependent manner,
but not at 5 mg/kg, 2) relatively higher doses of tramadol
(20 and 40 mg/kg) significantly increased NSS, 3) all doses
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Fig. 6. Raw electroencephalographic (EEG) spike-wave discharge
(SWD) pattern in the medial prefrontal cortex (FC) and the parietal
cortex (PC) corresponding with brief and phase movement in rats
treated with intraperitoneal tramadol 40 mg/kg. The movement
was evaluated with self-made movement-sensing-board, using a
vibration sensor and acrylic board. The board was placed under
the cage, and was used just for detecting twitching and convulsion.
The raw EEG on the FC presented more discrete SWD pattern than
on the PC.
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Fig. 7. Raw electroencephalographic (EEG) spike-wave discharge
(SWD) pattern in the medial prefrontal cortex (FC) and the parietal
cortex (PC) corresponding with convulsive seizure in rats treated
with intraperitoneal tramadol 40 mg/kg. Two rats treated with
tramadol dose at 40 mg/kg showed convulsive seizures in the
experiment 2.
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Fig. 8. The number of spike-wave discharge on the medial pre-
frontal cortex (FC) and the parietal cortex (PC) in rats treated with
tramadol. The rats (n=6) were intraperitoneally administered saline,
and tramadol 5, 10, 20 and 40 mg/kg, respectively (group ‘Control’,
‘TRA5, ‘TRA10’, ‘TRA20’ and ‘TRA40’). Data were expressed as
mean+S.D. Data were analyzed by a Kruskal-Wallis H test followed
by a Mann-Whitney test. **p<0.01 when compared to Control group,
#5<0.01 when compared to TRA5 group, *"p<0.01 when compared
to TRA10 group, and ®“p<0.01 when compared to TRA20 group.

of tramadol may evoke absent seizure, as determined by
SWD in EEG, 4) tramadol at 40 mg/kg can evoke a con-
vulsive seizure, and 5) tramadol’s effects on EEG spectral
parameters are less confirmative than the increasing dose-
related analgesia and behavioral changes.

Tramadol is a centrally acting drug and will induce seiz-
ure-like activity. In the present study, we evaluated the
dose-related analgesia and behavior-related EEG aspects.
We found that tramadol dose-dependently increased the an-
algesic effect, but 5 mg/kg tramadol did not induce a sig-
nificant analgesic effect. The present results were similar
to the previous results [1], which demonstrated that 10 and
20 mg/kg tramadol, but not 5 mg/kg tramadol, significantly
increased the analgesic effects in mono-arthritic rats.

Tramadol-related seizures are prone to develop at higher
dose of tramadol [13] and because of the faster absorption
rate by I.V. administration of tramadol [27]. In the present
study, although significant elevation of NSS was observed,
the degree of seizure was not much higher than expected,
and no convulsive seizure and no more than score 2 was
observed, even at 40 mg/kg tramadol in the first experi-
ment. Previous results were similar with the present re-
sults, in that tramadol 30 mg/kg did not induce myoclonic
activity and convulsion [13]. Instead, (-)-enantiomer of tra-
madol at 10 or 20 mg/kg resulted in myoclonic seizure activ-
ity in some nonkindled rats. In the present study, although
the severity and frequency were different between groups,
seizure-like activity, behavioral arrest and staring occurred
at most doses of tramadol, and intermittent SWD were also
observed at all doses of tramadol (n=2 at TRA5, n=5 at
TRA10, n=6 at TRA20 and TRA40 groups). SWD did not
last more than 1 second. In the present study, myoclonic
seizure activity was not observed in NSS evaluation, al-
though SWD were present in EEG records. Absent seizure
is characterized by spontaneous spike-wave discharges in
EEG and concomitant behavioral signs (behavioral arrest
and twitching of vibrissae, facial myoclonic jerk, accelerated
breathing, head tilting) [21]. SWD is strongly related with
absent seizure in rats and humans. In the present study,

SWD occurrences often coincided with periods of behavioral
arrest and staring and were more frequent at higher doses,
but were not always observed during those episodes. That
is, although SWD did not induce the behavioral signs of
tramadol, tramadol may aggravate the absent seizure in
a dose-dependent manner.

Convulsive seizure by higher dose of tramadol is likely
affected by environmental factors such as stress. No rats
had convulsion seizures in the first experiment; however,
2 rats treated with 40 mg/kg tramadol had convulsive seiz-
ures in the second experiment. In the second experiment,
as we stated, the rats underwent surgical management for
EEG recordings and a connection with tether recording sys-
tem, although they had adequate recovery and acclimation
time. These experimental conditions were likely stressors
that provoked convulsive seizures. In some respects, this
observation is similar to the proconvulsant effects of trama-
dol in the kindled rats [13].

Previous study documented the mild dose-related seda-
tion of tramadol in dogs [12]. Although sedation was not
evaluated in the present study, sedation-like signs were not
observed, and based on the EEG, the clinical signs were
rather close to seizure-like symptoms, because there were
SWD and rare prominent delta-wave patterns during star-
ing and/or behavioral arrest.

In the present study, only MPF in FC with tramadol 40
mg/kg decreased significantly compared to those with sal-
ine and 5 mg/kg of tramadol. Previous results showed that
EEG spectral analysis and MPF were useful methods for
assessing manifestation of analgesia in various species
[28-32]. Jang et al. (2009) also found that SEF95 showed
a strong correlation with the depth of anesthesia in rats.
In contrast, other results insisted that spectral EEG param-
eters were not precise determinants to predict the level of
anesthesia [24,33,34]. Prior to EEG evaluation, we consid-
ered that the central effects of tramadol, i.e., dose-depend-
ent analgesia and seizure severity, significantly affected the
EEG spectral parameters, especially on MPF or some low
frequency band powers. However, the present results
showed significant change in MPF in FC, but only at the
highest dose. That is, with doses that resulted in a sig-
nificant increase of %MPE without severe convulsion, i.e.,
10~20 mg/kg of tramadol, MPF and SEF95 did change sig-
nificantly compared to Control. Therefore, increase of an-
algesia by tramadol does not appear to be related with de-
crease of MPF. Band powers also provided a similar stat-
istical pattern of change as MPF. That is, although some
bands produced significant changes, these appeared only
when compared to the TRA40 group. Taken together, spec-
tral EEG response may not closely correlate with the degree
of analgesia and seizure by tramadol.

Upon further data inspection, the number of SWD was
greater in FC than in PC, and the appearance of SWD in
FC was also more apparent. Previous results demonstrated
that SWD was more prominent in the frontal cortex region
[19,20], but significant differences between the cortices
were not observed in the present study.

In conclusion, tramadol dose-dependently increased the
analgesic effect, and the 10 mg/kg dose is a reliable clinical
dose for analgesia in rats. Additionally, tramadol admin-
istration presented SWD on the EEG, which may be related
with absent seizure. However, dose-dependent increases of
analgesia and seizure severity are not closely correlated
with EEG spectral parameters.
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