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ABSTRACT

Background: Tramadol is an opioid analgesic used for treating moderate to
severe pain. No research is available on pharmacology of tramadol without
induction of pain. This study examines the effect of administration of tramadol
on the levels of biogenic amines and their metabolites in the brain areas of male
adult Wistar rats, without inducing pain.

Methods: Tramadol was injected subcutaneously at 0, 24, and 48 hours, and
changes in the levels of epinephrine (EP), norepinephrine (NE), dopamine (DA)
and serotonin (5-HT), 5-hydroxyindoleacetic acid (HIAA) and homovanillic acid
(HVA) were examined in cerebral cortex, cerebellum, pons-medulla,
hippocampus and thalamus. The changes were recorded in the select brain areas
at 3, 6, 12, 24 hours after the first injection, as well as at 24 hours after the second
and third injections, respectively.

Results: Administration of tramadol at O hours elevated the levels of DA, 5-HT
and HVA in all brain areas. Changes in levels of EP, NE, and HIAA varied across
the four brain areas surveyed. All parameters showed maximal changes at 3 or 6
hours following the first administration at 0 hours. For the second and third doses
of tramadol at 24 and 48 hours respectively, the parameters showed variations at
48 and 72 hours that generally fluctuated around the control.

Conclusions: The results indicate differential tissue responses to administered
tramadol in different areas of the brain. The results suggest that the alterations in
biogenic amines for the administration of tramadol are similar under both pain
and no-pain conditions.
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INTRODUCTION

Different neurotransmitter systems contribute to the
modulation of pain perception. The interaction of narcotic
analgesics with central and peripheral transmitter systens
is presumably related to the development of the well-
known central effects such as analgesia.l2 Opioids
constitute one of the largest, most widely used and most
effective classes of drugs for the treatment of moderate to
severe pain34 The analgesic effects are particularly
prominent in  painful inflammatory  conditions.56
Numerous studies have demonstrated that many
experimental pain models involve analgesic assays.’

www.ijbcp.com

Non-steroid anti-inflammatory drugs (NSAIDs) and
paracetamol are suggested to exert their analgesic effects
through direct or indirect activation of the serotonergic
system.8 The regulation of 5-HT release in the dorsalraphe
nucleus of the rat brain during the development of opioid
tolerance and dependence was examined by Tao et al.®

Tramadol is an opioid used as an analgesic for treating
moderate to severe pain.t0 It is believed to work through
modulation of the GABAergic, noradrenergic and
serotonergic systems. Tramadol and its metabolite M1
have been found to bind to p-opioid receptors, thus
exerting its effect on GABAergic transmission, and to
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inhibit reuptake of 5-HT and noradrenalin.ll The
serotonergic modulating properties of tramadol mean that
it has the potential to interact with other serotonergic
agents. There is an increased risk of serotonin syndrome
when tramadol is taken in combination with reuptake
inhibitors, agents that potentiate the effect of 5-HT or 5
HT agonists.12 Research on aminergic system with
reference to the effects of tramadol has been concentrated
on its antidepressant effects with reference to the uptake
and release of NE, 5-HT, DA etc., besides the dependence
potential and metabolism.13-17

Some controversy exists regarding the dependence
liability of tramadol, assessed the drug dependence and
abuse liability of tramadol and concluded that tramadol
produced high abuse potential among opiate addicts®
Contrary to this, Preston et al, found that although
tramadol 300mg was identified as an opiate, it did not
produce many morphine-like effects, and that tramadol has
a low abuse potential by the parenteral route.1®

Analgesia given before a nociceptive stimulus begins is
generally suggested to be more effective than the same
dose given after the stimulus. It has been suggestedthat the
same dose of an analgesic given by the same route may be
more effective if given before surgery. However, the
animal models do not provide clear indications of a
timeframe for the analgesic effect, or the underlying
mechanism, or to which pain models these findings may
apply. Trials of adequate design and size are required to
assess the role of local anesthetics and opioids in pre-
emptive analgesia. The review of McQuay provides
information on pre-emptive analgesia in clinical studies.?

Literature on the biogenic amines and analgesic drugs
reveals that the research has been more focused on the
effects of morphine, and the other opioid and non-opioid
analgesics have not received much attention. Keeping this
in view, the present study was undertaken to examine the
effects of the opioid drug tramadol. The studies with
tramadol and biogenic amines hitherto have addressed the
anti-nociceptive action of tramadol and its effect on
transmitter release and uptake.?1-23 In the light of literature
on the effects of opioid analgesics on the levels of biogenic
amines under pain conditions, the present study was taken
up to examine the effect of administration of tramadol
without induction of pain on the levels of biogenic amines
and their metabolites in different brain areas of the rat at
different times following drug administration, to see if the
effects would be the same under pain conditions and non-
pain conditions .18

METHODS
Experimental animals

Male adult Wistar rats weighing 150+20grams were
purchased from the Indian Institute of Science, Bangalore,
India, and maintained in polypropylene cages under
laboratory conditions of 28+2°C temperature, LD 12:12

photoperiod, and 75% relative humidity. The rats were
given standard pellet diet and water ad libitum. They rats
were maintained according to the ethical guidelines for
animal protection and welfare bearing the CPCSEA
regulation and resolution.

Selection of the drug

Tramadol was obtained as a commercial grade chemical
from Apollo Pharmacy, Hyderabad, India. It is marketed
as a racemic mixture of the (1R, 2R) - and (1S, 2S) -
enantiomers with a weak affinity for the p-opioid
receptor.2* The (1R, 2R)-(+)-enantiomer is approximately
four times more potent than the (1S, 2S)-(-)-enantiomer in
terms of p-opioid receptor affinity and 5-HT reuptake,
whereas the (1S, 2S)-(-)-enantiomer is responsible for
noradrenalin reuptake effects.25 These actions appear to
produce a synergistic analgesic effect, with (1R, 2R)-(+)-
tramadol exhibiting 10-fold higher analgesic activity than
(1S, 2S)-(-)-tramadol.26

Dosage and administration of tramadol

After acclimation, the rats were divided into separate
groups depending on the dosage and time for sacrificing
them. Six groups, with six rats in each group, were housed
in separate cages. All the rats were injected with tramadol
subcutaneously at 0, 24, and 48 hours. The time periods
chosen for assaying the biogenic amines following
tramadol administration were 3, 6, 12, 24, 48, and 72

hours.

All doses were given between 9 and 10 AM to ward off
interference of diurnal rhythms, if any, in activity.
Tramadol was administered according to ED50 value
obtained in rats at 31 mg/kg in hot plate test.2” The control
groups of six rats received physiological saline instead of
tramadol dose. Single controls were used for each brain
area for comparison with all the experimental groups of all
the time periods.

Isolation of tissues

The rats were sacrificed at the chosen times mentioned
above. The brain was isolated immediately and placed on
a chilled glass plate. The brain areas, namely cerebral
cortex (CC), cerebellum (CB), pons-medulla (PM),
hippocampus (HI) and thalamus (TH), were separated and
isolation of synaptosomes was done using conventional
methods.28-30

Estimation of biogenic amines

Extraction and estimation of catecholamines and serotonin
were carried out according to the method of Kari et al, 5-
Hydroxyindoleacetic acid and homovanillic acid were
estimated as per Anden et al, and Haubrich and Denzer.31-
33 The amine content of each tissue sample was calculated
by the modified method of Ansell and Beeson, as given by
Kari.31v34
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Statistical analysis

All the assays were carried out with six separate replicates
(6 rats) from each group. The mean and standard deviation
(SD) were worked outusing INSTAT statistical software.
Analysis of Variance (ANOVA) was done with SPSS
statistical software on IBM compatible personal computer.
Differences between control and experimental values were
considered statistically significant if P values are less than
0.05.

RESULTS
Norepinephrine

In control rats, highest level of NE in the brain was
recorded in CC, and lowest level in CB. Following the
administration of initial dose of tramadol at 0 hours, while
CC and CB recorded the highest increase, PM, HI and TH
recorded the highest decrease in NE content, all at 3 hours.
Following this, the NE levels reverted back towards the
respective controllevels at 6, 12 and 24 hours. At 24 hours,
the NE content in all areas reached more or less the
respective control levels.

Following the second and third administrations of
tramadol at 24 and 48 hours respectively, the NE levels in
different brain areas at 48 and 72 hours respectively did
not show statistically significant deviations (Table 1).

Epinephrine

In control rats, highest level of EP was recorded in the CC,
and lowest content in CB. The first dose of tramadol at 0
hours caused differential effects on EP levels in different
areas of the brain, with maximal elevationin CC at 3 hours,
CB and PM at 6 hours; and maximal decrease in HI at 3
hours and in TH at 6 hours. Following maximal increase
or decrease at 3 or 6 hours in different brain areas after
tramadol injection, the EP content showed a reversal
towards the respective controls during succeeding time
periods. At 24 hours after the initial tramadol
administration, the EP content in all areas of the brain
recovered more or less to the control levels. The second
and third injections of tramadol at 24 and 48 hours
respectively caused minor positive deviations in EP levels
in different brain areas at 48 and 72 hours respectively,
which were statistically not significant (Table 2).

Table 1: Changes in the norepinephrine (NE) content in different brain regions of rats at different time periods
after administration of acute and sub-chronic dose of tramadol at 0, 24,48 and 72 hours.

12 hrs 48 hrs

Brain Area Indices Control 3 hrs
Mean 4.63 5.97
Cortex SD (1) 0.32 0.46
% Change +28.94
Mean 1.29 1.89
Cerebellum SD (1) 0.14 0.21
% Change +46.51
Mean 1.88 1.29
Pons-Medulla  SD (%) 0.37 0.30
% Change -31.38
Mean 157 1.41
Hippocampus  SD (&) 0.19 0.15
% Change -10.19*
Mean 131 0.99
Thalamus SD (1) 0.09 0.09
% Change -24.43

5.08 4.45 4.87 4.75
0.45 0.34 0.40 0.38
+24.40  +9.72* -3.89* +5.18* +2.59*
1.55 1.39 1.45 1.49
0.21 0.24 0.18 0.23

+41.08 +20.15 +7.75* +12.40* +15.50*
144 1.63 1.58 1.61
0.34 0.26 0.24 0.32
-26.06 -23.41 -13.30* -15.96* -14.37*
1.61 1.67 171 1.65
0.20 0.21 0.23 0.18
-9.56* +2.55* +6.37* +8.91* +5.09*
115 1.35 1.37 1.39
0.14 0.09 0.11 0.13
-21.37 -12.21 +3.05* +4.58* +6.11*

Each value, expressed in pg of NE/g wet wt of tissue, is the mean + standard deviation (S.D.) of observations from six separate
experiments. Values are significant at least at P <0.05 in SNK test. * Not significant

Dopamine

In control rats, the highest level of dopamine was recorded
in HI and the lowest content was recorded in CB.
Following tramadol administration at O hours, the DA
levels showed an increase in all areas of the brain, with
highestincreases in CC and CB at 6 hours,PM, HI and TH
at 3 hours. As in the case of NE and EP, the DA contentin
all the areas reverted towards the respective controk

during the succeeding time periods, and reached more or
less the control levels at 24 hours after the first

administration of tramadol.

On administering tramadol for the second and third times
at 24 and 48 hours respectively, the DA levels showed only
slight positive deviations in different brain areas at 48 and
72 hours, which were statistically significant in CC and not
significant in the rest of the brain areas (Table 3).
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Table 2: Changes in the epinephrine (EP) content in different brain regions of rats at different time periods after
administration of acute and sub-chronic dose of tramadol at 0, 24,48 and 72 hours.

| Brain Area Indices Control 12 hrs 24 hrs
Cortex SD (1) 0.16 0.17 0.17 0.11 0.11 0.14 0.16
% Change +22.22  +20.00 +12.44 +2.67* +4.44* +6.22*
Mean 0.97 1.22 1.24 1.15 1.03 1.05 1.07
Cerebellum SD (¥) 0.10 0.08 0.07 0.11 0.12 0.13 0.14
% Change +25.77  +27.83 +18.55 +6.18* +8.25* +10.30*
Pons- Mean 1.01 131 1.35 112 1.07 1.09 111
Medulla SD (1) 0.05 0.09 0.13 0.09 0.08 0.11 0.12
% Change +29.70  +33.66 +10.89 +5.94* +7.92* +9.90*
Mean 1.12 0.98 1.00 1.04 1.09 1.15 1.18
Hippocampus ~ SD () 0.07 0.08 0.06 0.08 0.09 0.11 0.12
% Change -12.50 -10.72 -7.14* -2.68* +2.68* +5.36*
Mean 1.00 0.89 0.82 111 1.02 1.04 1.06
Thalamus SD (3) 0.06 0.07 0.09 0.08 0.09 0.10 0.11
% Change -11.00 -18.00 +11.00 +2.00* +4.00* +6.00*
Each value is expressed in pg of EP/g wet wt of tissue. Rest of the note is the same as in Table 1
Table 3: Changes in the dopamine (DA) content in different brain regions of rats at different time periods after

administration of acute and sub-chronic dose of tramadol at 0, 24,48 and 72 hours.

Brain Area Indices Control 24 hrs 48 hrs
Mean 2.82 3.67 3.73 3.55 3.11 3.19 3.25
Cortex SD (1) 0.27 0.21 0.26 0.21 0.35 0.31 0.33
% Change +30.14 +32.27 +25.88 +10.28* +13.12 +15.25
Mean 1.35 1.65 1.68 152 1.29 1.37 141
Cerebellum SD (1) 0.19 0.14 0.17 0.13 0.17 0.18 0.21
% Change +22.22 +24.44 +12.59 -4.45* +1.48* +4.44*
Mean 3.49 4.64 4.45 3.97 3.76 3.81 3,86
Pons-Medulla SD (%) 0.26 0.30 0.28 0.28 0.29 0.31 0.33
% Change +32.95 +27.50 +13.75 +7.74* +9,17* +10.60*
Mean 5.83 7.12 6.90 6.44 6.28 6.31 6.39
Hippocampus  SD (%) 0.34 0.30 0.30 0.26 0.30 0.32 0.33
% Change +22.13 +18.35 +10.46 +7.72* +8.23* +9.61*
Mean 1.40 192 1.84 164 1.48 151 153
Thalamus SD (1) 0.18 0.19 0.14 0.14 0.15 0.16 0.17
% Change +37.14 +31.43 +17.14 +5,71* +7.86* +9,29*

Each value, expressed in ug of DA/gwet wt of tissue. Rest of the note is the same as in Table 1

5-Hydroxytryptamine

In control rats, the highest 5-HT content was found in PM,
and the lowest level was recorded in HI. The trend of
changes in 5-HT contentwas similar to thatin DA.

Following injection of the initial dose of tramadol, the 5
HT content in all areas of the brain recorded an increase,
with maximal elevation occurring at 3 hours in all the areas
after injection of the drug. Following this, the 5-HT
content showed a recovery towards the controls during the
succeeding periods. At 24 hours following tramadol
administration the 5-HT content recovered more or less to

the control levels.

Following the second and third administrations of
tramadol at 24 and 48 hours respectively, the 5-HT levels
showed non-significant positive deviations in different
brain areas at 48 and 72 hours respectively (Table 4).

5-Hydroxyindoleacetic acid

In controls, the content of HIAA was found to be highest
in CC and lowest in TH.

Upon the initial tramadol dosing, the HIAA content
showed a decrease in different areas of the brain, with the
exception of CB in which the content showed an increase.
The maximal decreases recorded were 31.67% in CC,
37.79 in PM, 19.33% in HI, and 15.75% in TH, all at 3
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hours following the first administration. CB recorded the
highestincrease of 27.48% at 6 hours following the initial
administration. Following this, the HIAA content showed
recovery towards the control levels, and by 24 hours the

content returned more or less to the respective control
levels. The second and third administrations of tramadol at
24 and 48 hours respectively caused slight and non-
significant deviations in HIAA levels (Table 5).

Table 4: Changes in the 5-hydroxytryptamine (5-HT) content in different brain regions of rats at different time
periods after administration of acute and sub-chronic dose of tramadol at 0, 24,48 and 72 hours.

Brain Area Indices Control 72 hrs
Mean 2.7 2.86 273 222 216 2.32 233
Cortex SD (#) 0.1 0.25 0.18 026 027 0.28 0.33
% Change #2599 42026 220  -485% 4220  +484*
Mean 171 1.99 192 183 175 178 181
SD (2) 0.23 0.14 0.09 018 015 0.16 0.17
I
Cerebellum % Change 11637 +1228  +7.02%  +2.34%  +400%  +585*
Mean 393 484 471 429 417 423 4.27
SD (#) 0.21 0.16 0.12 024 022 0.23 0.25
Pons-Medulla
STVt % Change #2315 +1984  +916%  +611*  +763*  +865%
Mean 0.42 057 0.52 049 047 0.45 0.46
. SD (2) 0.06 0.09 0.07 006 0.0 0.08 0.09
H
bpocampus % Change 43571 +238 +1666  +1100% +7.14*  +952
Mean 119 157 146 130 123 125 127
Thalamus SD (@) 0.12 0.15 0.13 013 008 0.09 0.11
% Change +31.93 42260 +924%  +336* 4504  +6.72*

Each value, expressed in pg of 5-HT/g wet wt of tissue. Rest of the note is the same as in Table 1

Table 5: Changes in the 5-hydroxy indole acetic acid (5-HIAA) content in different brain regions of rats at different
time periods after administration of acute and sub-chronic dose of tramadol at 0, 24,48 and 72 hours.

Brain Area Indices
Mean 1.80 123 1.29 152 1.89 171 1.68
Cortex SD (1) 0.14 0.17 0.19 0.21 0.15 0.16 0.18
% Change -31.67 -28.33 -15.56 +5.00* -5.00* -6.67*
Mean 131 1.63 1.67 133 1.28 1.34 1.36
Cerebellum SD (1) 0.13 0.14 0.16 0.15 0.16 0.17 0.18
% Change +24.43  +2748  +1.53* -2.80* +2.29* +3.82*
Mean 1.72 1.07 1.32 154 1.88 1.66 1.60
Pons-Medulla SD (3) 0.19 0.23 0.18 0.20 0.21 0.19 0.22
% Change -37.79 -23.26 -10.47 +9.30*  -3.49* -6.98*
Mean 1.50 121 1.26 1.39 1.46 1.44 1.42
Hippocampus SD () 0.13 0.14 0.15 0.13 0.16 0.17 0.18
% Change -19.33 -16.00 -7.33* -2.67* -4.00* -5.33*
Mean 1.27 1.07 114 1.16 1.25 1.23 1.20
Thalamus SD (3) 0.09 0.11 0.11 0.12 0.09 0.10 0.13
% Change -15.75 -10.24 -8.66* -1.58* -3.15* -5.51*

Each value, expressed in pg of 5-HIAA/g wet wt of tissue. Rest of the note is the same as in Table 1

Homovanillic acid

In control rats, the HVA content was highest in TH and
lowest in PM. Following the initial administration of
tramadol at 0 hours, the HVA contentshowed an increase
in all areas of the brain by 3 to 6 hours. Maximal increases
were recorded in CC (37.5%) and PM (40.9%) at 3 hours;
and in CB (25%), HI (26.51%) and TH (43.33%) at6 hours

following the first administration of tramadol. Following
this, the HVA content started to revert back, and by 24
hours the HVA content reached more less the respective
control levels in different brain areas. On administering
tramadol for the second and third times at 24 and 48 hours
respectively, the HVA levels showed non-significant
deviations in different brain areas at 48 and 72 hours
respectively (Table 6).
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Table 6: Changes inthe homovanillic acid (HVA) content in different brain regions of rats at different time periods
after administration acute and sub-chronic dose of tramadol at 0, 24,48 and 72 hours.

Brain Area Indices Control 12 hrs 24 hrs 72 hrs

Mean 0.40 0.55 0.49 0.43 0.37 0.38 0.41
Cortex SD (1) 0.08 0.09 0.08 0.09 0.09 0.10 0.11

% Change +3750  +22.50 +7.50* -7.50* -5.00* +2.50*

Mean 0.68 0.77 0.85 0.75 0.65 0.66 0.64
Cerebellum SD (1) 0.05 0.08 0.09 0.07 0.08 0.09 0.10

% Change +13.23  +25.00 +10.29* -4.41* -2.94* -5.88*

Mean 0.22 0.31 0.28 0.25 0.24 0.23 0.25
Pons-Medulla  SD (&) 0.04 0.05 0.05 0.07 0.08 0.08 0.09

% Change +40.90  +27.27 +13.64* +9.09* +4.54* +13.64*

Mean 0.83 0.98 1.05 0.91 0.79 0.80 0.81
Hippocampus  SD (¥) 0.08 0.06 0.07 0.05 0.09 0.08

% Change +18.07  +26.51 +9.64* -4.82* -3.61* 0.10 2.41*

Mean 0.90 1.19 1.29 1.00 0.83 0.87 0.91
Thalamus SD (1) 0.08 0.07 0.11 0.08 0.09 0.07 0.11

% Change +32.22  +43.33 +11.11 -7.78* -3.33* +1.11*

Each value, expressed in pug of HVA /g wet wt of tissue. Rest of the note is the same as in Table 1

DISCUSSION

The effective dose of tramadol of 31mg/kg administered
subcutaneously in the present study seems to have half-life
similar tothatunder oral administration reported by Dayer
et al.3> Thus, the effect of subcutaneous dose (31mg/kg)
used in the present study appears to be matching with that
of the single oral dose. In the light of this, the maximal
positive or negative peaks at 3 or 6 hours observed for the
parameters related to biogenic amines examined in this
study, and the return of the parameters to control levels by
about 24 hours after the administration of tramadol appear
reasonable. Again, tramadol seems to cause the observed
changes in the presence of pain and during pre-emptive
analgesia as reported in literature, as well as during non-
induction of pain as in the present study. The observed
changes in parameters related to biogenic amines are
presumably among the general contrivances for analgesic
effects.

The influence of tramadol on biogenic amine
neurotransmitters was examined in the rat brain by Frink
et al3¢ In their study, ex vivo neurotransmitter
determinations showed that tramadol (46.4mg/kg,i.p.)
elevated the DA metabolites 3,4-dihydroxyphenylacetic
acid (DOPAC) and homovanillic acid (HVA) and
enhanced DA release in definite brain areas. The active
enantiomer of the racemic tramadol, the (+)-enantiomer,
significantly enhanced the turnover rate of DA. Tramadol
reduced 5-HT utilization in the brain. Their results further
indicated that tramadol enhances DA turnover via an
opioid mechanism. The interaction of tramadol with the
noradrenergic and serotonergic neurotransmission closely
resembled that of NA and 5-HT uptake inhibitors. Our
findings are in general agreement with the observations of
Frink et al.36

The present study focused on changes in the aminergic
system under tramadol analgesia without induction of
pain. The biogenic amines and the metabolites showed
differential levels in different brain areas following
tramadol administration (Tables 1 to Table 6). Tramadol
dose-dependently increased extracellular serotonin and
NE levels in the ventral hippocampus of freely moving
rats,and was found to affect the uptake and release of NE
and DA in hypothalamus.1237 NEappears to be more active
in spinal cord, lower brainstem and CB, whereas DA is
often the more effective agent in various parts of the
forebrain. DA is considered in great detail when dealing
with areas such as striatum, where it is present in
particularly large amounts, and is believed to have an
important transmitter role.38

CC has been reported to play a key role in processing
nociceptive information. Clinical and experimental data
indicate that CC is important for functioning of the
endogenous anti-nociceptive system.3® Further, 5-HT2
receptors are predominantly located supraspinally and
concentrated in the dorsal raphe nucleus and in the frontal
cortex? In the present study, significant increases in all
parameters, except HIAA which showed decrease have
been noticed in CC.

While 5-HT, DA, and HVA contents recorded increases in
all areas of the brain following the initial injection of
tramadol, NE, EP, and HIAA showed increase in some
areas and decrease in the others. Differential changes in a
parameter in different areas of the brain under the same
conditions reflect variations in the tissue response from
different locations. Some or all of these responses could be
part of the analgesic effect of tramadol. It has been stated
that successful clinical use of opioids requires appropriate
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selection of the drug and dose for the given species to
avoid undesirable side effects.*?

It has been reported that opioids or endorphins upon
binding with the receptors inhibit the release of excitatory
neurotransmitters from the terminals of neurons carrying
nociceptive stimuli. By decreasing the dose, excitement
can be avoided. Excitement may result indirectly from
increased release of NE and DA 4! Centrally, at the level
of the mesencephalon and medulla, opioids activate the
descending endogenous anti-nociceptive system that
modulates nociception in the dorsal horn via release of 5-
HT and perhaps NE.4! The increase in biogenic amines and
their metabolites in different areas of the brain after
tramadol administration in the present study presumably
reflect similar possibilities even under non-nociceptive
conditions.

The present investigation recorded an increase in
dopamine level in all areas of the brain examined (Table
3). Drugs belonging to different pharmacological classes
but sharing the characteristic of being rewarding share the
properties of preferentially increasing synaptic dopamine
concentrations in the mesolimbic dopaminergic system
and of stimulating behavior. The drugs showing these
properties include central stimulants (amphetamine and
cocaine), opiates (morphine, methadone, and fentanyl),
central depressants (ethanol) and cholinergic agonists
(nicotine).42-45

Tramadol administration significantly increased the 5-HT
levels in all areas of the brain examined in the present
study (Table 4). At the dose of 10mg/kg, the NSAID
rofecoxib was reported to significantly increase the levels
of serotonin in frontal and temporal-parietal cortex 120
min after treatment.*6 Increase in 5-HT levels seem to be
one of the changes underlying anti-nociception.

Tramadol and its active metabolite inhibit reuptake of
norepinephrine and enhance the secretion of serotonin,
achieving modulation of pain in the central nervous
system.4? Tramadol was found to inhibit the reuptake of
NE and promote the release of 5-HT.41 The contribution of
enhanced monoaminergic transmission to the analgesic
actions of tramadol is supported by the blocking of anti-
nociceptive effects of intrathecal tramadol, butnotthose of
morphine, by yohimbine and ritanserin.4” The synergy of
monoaminergic and opioid activity achieves analgesic
effects. Results of the present investigation showing
increased levels of NE in some areas and those of 5-HT in
all areas the brain agree with the above observations.

The present investigation has shown that tramadol steps up
the accumulation of biogenic amines and HVA in most of
the areas, while it causes a decrease in HIAA in all areas.
The fact that the levels of the parameters at 48 and 72 hours
were similar to those recorded at 24 hours following
tramadol administration drives us to assume that the time-
course of changes would be similar after second and third
administrations as observed up to 24 hours for the initial

administration. And, the observed quick reversal of the
effects of tramadol with time as in the present study
presumably indicates a low addiction potential for this
drug.

CONCLUSION

From our study, it could be concluded that the effects of
tramadol are essentially same during nociception as well
as during non-induction of pain. The differences in the
effects of tramadol on the levels of biogenic amines in
different areas of the brain may reflect differential tissue
responses. Presumably, non-significant changes in the
studied parameters upon repeated administration of
tramadol at 24 and 48 hours may reflect adaptive response
in the CNS to the additional administrations.
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