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ABSTRACT

AIM: The mechanism of tramadol-induced vasodilation was investigated using isolated rabbit thoracic aortic rings.
METHODS: Aortic rings from 8 rabbits were placed in organ bath and precontracted with phenylephrine (10°
mol/L) before addition of tramadol. Relaxation responses by tramadol were evaluated in the presence and absence
of endothelium, indomethacin (an inhibitor of cyclooxygenase), N®-nitro-L-arginine methyl ester (L-NAME, a spe-
cificinhibitor of nitric oxide synthase), glibenclamide (an inhibitor of ATP-sensitive potassium channels), tetraethy-
lammonium chloride (TEA, an inhibitor of calcium-sensitive potassium channels), and naloxone (an antagonist of
opioid receptors). RESULTS: Tramadol (10 mol/L and 3x10™* mol/L) caused significant vasodilation in endothe-
lium-intact and endothelium-denuded aortic rings (P<0.05). The relaxation response to tramadol was significantly
greater in endothelium-intact rings than in endothelium-denuded rings. Pretreatment of aortic ringswith indometha-
cin (10° mol/L), glibenclamide (10° mol/L), TEA (10 mol/L), and naloxone (10 mol/L) had no effect on the
tramadol-induced relaxation. 1n endothelium-intact rings, L-NAME (10 mol/L) pretreatment caused marked inhi-
bition of the relaxation induced by tramadol, but not endothelium-denuded rings. CONCLUSION: |n the rabbit
aorta, vascular relaxation induced by tramadol is due to both nitric oxide production from endothelium and a direct
effect on smooth muscle.

INTRODUCTION cally significant respiratory depression, and has alow
o _ potential for the development of tolerance, dependence
Tramadol, a combination of R and L enantiomers, and abuse”!. The clinical observations implied that ac-

is a novel analgesic that has a complex pharma-
cology!™. Tramadol has a low affinity for opioid
receptors, but its analgesic potency is only 5-10 times
less than morphine, and in volunteer studies, only 30 %
of its effect could be antagonized by naloxong??. In
addition, tramadol has not been associated with clini-

tions other than via opioid receptors should contribute
to the effect of tramadol. Thishasledto acomplete re-
evaluation of the pharmacology of tramadol and the rec-
ognition of both opioid and non-opioid mechanisms of
action involving two different enantiomeric structures®®.,

Hemodynamic and respiratory side effects were
investigated in cardiovascular risk patients prior to sur-
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nary capillary wedge pressure, stroke volume index,
and arterial O, or CO, partia pressure. Trybaand Zenz®
compared postoperative analgesiawith asingle intrave-
nous dose of 50 mg tramadol after ortopaedic surgery.
Heart rate decreased significantly in two patients and
dropped below 60 /min. Karsch et al® measured the
hemodynamic effectsin 10 patients with coronary heart
disease after intravenous application of 50 mg tramadol
and found that tramadol decreased pulmonary artery
resistance and had a distinct negative inotropic effect
on left ventricular myocardium.

This study was designed to investigate the con-
centration-dependent effect and the mechanism of this
effect of tramadol on isolated rabbit thoracic aorta.

MATERIALS AND METHODS

Experiments were performed on eight mature al-
bino rabbits weighing 2.5 to 3 kg. The animals were
anesthetized with sodium pentobarbital (50 mg/kg, iv)
and their thoracic aortawere removed and immediately
placed in oxygenated K rebs-Hensdleit solution, and dis-
sected free of fat and connective tissue. Rings approxi-
mately 3-mm width were suspended in a 10-mL organ
bath containing a modified Krebs-Henseleit solution of
the following compositionin mmol/L; KCl 4.75, KH,PO,
1.19, MgSO, 1.19, CaCl, 2.54, NaCl 119, NaHCO, 25,
glucose 11, pH 7.4. The solution was aerated continu-
oudy with a gas mixture of 95 % O, and 5 % CO, and
maintained at 37 °C. Aortic rings were equilibrated for
2 h with aresting tension of 2 g, determined to be the
optimal resting tension in preliminary length-tension
experiments. |sometric tensions were recorded with a
Grass FT-03 force-displacement transducer and re-
corded on a four-channel Grass polygraph (model 79
E). When needed by protocol, endothelium was re-
moved by gently rubbing the intimal surface with a
wooden stick for 30-60 s.

After 2-h equilibration period, rings were con-
tracted with phenylephrine (10° mol/L). Acetylcholine
(10°® mol/L) then was added to the bath to assess the
integrity of the endothelium. No relaxation in response
to acetylcholine in the denuded preparation indicated an
effective functional removal of the endothelium. The
rings with intact endothelium that produced less than
30 % relaxation in response to acetylcholine were
discarded. After acetylcholine testings, the rings re-
equilibrated for 60 min and then again contracted
submaximally as before with phenylephrine. Tramadol

(107-3x10"* mol/L) then was added to individual cham-
bersby increasing concentrations cumulatively with each
new dose added after reaching a steady state from the
preceding dose. In some experiments L-NAME
(10* mol/L), indomethacin (10" mol/L), naloxone (10*
mol/L), glibenclamide (10° mol/L), and tetraethylam-
monium chloride (10 mol/L) were added to the organ
bath 15 min before the precontraction in order to test
the effects of nitric oxide, prostaglandins, opioid
receptors, and potassium channels which could have a
contribution to aortic smooth muscle relaxation induced
by tramadol.

Drugs used in this study were phenylephrine
hydrochloride, acetylcholine chloride, L-NAME,
indomethacin, glibenclamide (Sigma, St L ouis, Missouri,
USA), tetraethylammonium chloride, and tramadol (ICN,
CostaMesa, CA, USA). All substances were dissolved
in distilled water, except for indomethacin, which was
dissolved in 1 % Na,CO,. All drugs were freshly pre-
pared on the day of the experiments.

The relaxation responses recorded with increas-
ing concentrations of tramadol were expressed as the
percentage relaxation from the precontracted state by
phenylephrine (10° mol/L). Five rings taken from the
same aorta were studied in parallel, but for each type of
experiment only one ring was used from each animal,
thus the experimental number (#) of animals used was
thesame. All datawere expressed as meantSEM. Sta-
tistical analysis of the data was performed using a one-
way analysis of variance (ANOVA) between experimen-
tal groups. When three groups of data were compared,
statistical significance was determined further by the
Newman Keulstest. P<0.05 was considered statisti-
cally significant.

RESULTS

The contraction induced by phenylephrine (10
mol/L) in aortic ringswith intact endothelium (1.75 g+0.24
0, n=8) was not significantly different from endothe-
lium-denuded rings (1.9 g+0.3 g, n=8). In functional
studies, acetylcholine (10° mol/L), which induces en-
dothelium-dependent relaxation, caused significant re-
laxation on the contraction induced by phenylephrinein
rings with intact endothelium (67 %4 %, n=8) but
lacked any effect on denuded rings (4 %13 %, n=8).

In preliminary experiments, tramadol showed no
response at concentrations between 107 and 10°° mol/L
in precontracted with phenylephrine thoracic aortic rings
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from rabbit, either with (n=4) or without (n=4)
endothelium. At concentrations of 10* and 3x10*
mol/L, tramadol produced significant relaxation on phe-
nylephrine-induced contraction (P<0.05). Therefore,
10* and 3x10* mol/L concentrations were used for fur-
ther studies.

Tramadol (10* and 3x10™ mol/L) produced re-
laxation on aortic rings in both with and without
endothelium. In addition, in endothelium intact rings,
the relaxation responses induced by tramadol returned
to control values by L-NAME (10 mol/L), but not in
endothelium-denuded rings (Fig 1). Therelaxation re-
sponse to tramadol was greater in intact rings than in
denuded and intact+L-NAME rings. There wasno sig-
nificant difference in terms of relaxation responses to
tramadol between intact+L-NAME and denuded rings
(Tab 1). In endothelium-denuded rings, the maximum
relaxation response (E,,,) induced by tramadol (3x10*
mol/L) significantly reduced by 51 %+11 % compared
to endothelium-intact rings (P<0.05) (»=8). Incuba-
tion of endothelium-intact ringswith L-NAME signifi-
cantly reduced the maximum relaxation induced by
tramadol by 62.6 %+11.9 % (P<0.05) (n=8) (Tab 1).
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Phe Phe
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3 ¢ °
10~ mol/L 10 mol/L
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10" mol/L
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Tab 1. Relaxation induced by tramadol in isolated thoracic
aortic rings from rabbit. Relaxation is expressed as the
percentage reduction in the contraction induced by phe-
nylephrine (10° mol/L). n=8. Mean+SEM. "P<0.05 vs en-
dothelium-intact group.

% Relaxation
Tramadol Tramadol
(10*mol/L)  (3x10* mol/L)
Endothelium-intact 3615 6549
Endothelium-denuded 12.8+2.6° 32+10°
Intact+L-NAME 9.5+1.9° 24+6°

Preincubation of aortic rings with and without
endothelium, contracted by phenylephrine, with in-
domethacin (10®° mol/L), glibenclamide (10° mol/L),
TEA (10° mol/L), and naloxone (10* mol/L) had no
significant effect on the tramadol-induced relaxation
responses (Fig 2). At these concentrations, antago-
nists have no effect on phenylephrine-induced contrac-

tile response (data not shown).
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Fig 1. Recorder tracings indicating changes in relaxant effect of tramadol in endothelium-intact (A), endothelium-denuded
(B), and endothelium-intact (C) aortic rings in presence of L-NAME. Initial contraction was induced by phenylephrine (Phe).
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Fig 2. Relaxant effects of tramadol on phenylephrine-in-
duced contractions in endothelium-intact (A), endothelium-
denuded (B), and endothelium-intact+L-NAME (C) aortic
rings in presence of indomethacin (10° mol/L),
glibenclamide (10° mol/L), TEA (10~ mol/L), and naloxone
(10* mol/L). Relaxation is expressed as the percentage re-
duction in the contraction induced by phenylephrine (10
mol/L). n=8. Mean+SEM. None of these agents signifi-
cantly changed the tramadol-induced relaxation.

DISCUSSION

The principal finding of this study isthat tramadol
produces vasodilation, which is, mainly, dependent on
endothelium function in the in vitro rabbit aortic ring

preparation precontracted by phenylephrine. Inaddition,
neither indomethacin nor potassium channel inhibitors
altered tramadol-induced relaxation of rabbit thoracic
aorta. Naloxone did not antagonize the relaxant effect
of tramadol.

Efficient analgesia may be major objectivein the
cardiovascular risk patients following myocardial
infarction. Patientswith acute myocardial infarction or
unstable angina pectoris were treated with intravenous
tramadol in an open study™. All patients reported suf-
ficient pain relief after 50-100 mg tramadol. Respira-
tory and cardiovascular parameters were not changed,
only one patient devel oped acute tachycardia and respi-
ratory distress. Cats and dogsiv doses of tramadol up
to 10 mg/kg have a dlight, papaverine-like spasmolytic
effect!*”. Karch et al'® suggested that tramadol de-
creased pulmonary artery resistance and had a distinct
negativeinotropic effect on left ventricular myocardium.
Authors did not investigate the mechanism of vasodila-
tion induced by tramadol in isolated vessels. The cur-
rent study indicates that tramadol relaxes rabbit aortic
smooth muscle in isolated organ bath by both endothe-
lium-dependent and independent mechanisms.

NO is a potent vasodilator produced by the endo
thelium under basal conditions and in response to ava-
riety of agonists. It diffuses from the endothelium to
the underlying vascular smooth muscle, where it causes
relaxation through the activation of soluble guanylate
cyclase, causing an increase in 3,5-cyclic guanosine
monophosphate*?. NO is produced from L-arginine
by the calcium-, calmodulin-, and NADPH-dependent
enzyme, NO synthase, which isinhibited by specific
analogues of L-arginine such as L-NAME, as used in
this study™. In intact vessels precontracted with
phenylephrine, tramadol produced concentration-
dependent relaxation followed an increase intension to-
ward to preconstricted level by L-NAME-treatment. In
addition, tramadol caused significant vasodilation in
aortic rings with and without endothelium, but the re-
laxation responsesto tramadol was significantly greater
in endothelium-intact aortic rings than endothelium-de-
nuded rings. The discrepanciesin vasodilation between
endothelium-intact and denuded rings may be explained
by an increased NO production by tramadol, since en-
dothelium-intact vessels pretreated with L-NAME re-
sulted with decreased vasodilation to tramadol
stimulation.

The vascular endothelium plays an important role
in controlling the vascular tone via secretion of both
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relaxant and contractile factors™. The most potent
known are the vasodilators, endothelium-derived relax-
ing factor (EDRF), and prostacyclin (PGl,). EDRF is
now known to be NO or aclosely related nitrosothiol .
The relaxing action of tramadol was attenuated in en-
dothelium-denuded and endothelium-intact aorta pre-
treated with L-NAME. This suggested that the
vasorelaxant effect of tramadol was, at least in part,
dependent upon the endothelium. The vasorel axation
caused by tramadol in intact and denuded aorta was
shown to persist in the presence of indomethacin (which
blocks the formation of PGI, by inhibiting cyclo-
oxygenase), TEA (which blocks Ca**-sensitive K*
channels) and glibenclamide (which blocks ATP-sensi-
tive K* channels), implying that this effect was not
mediated by PGI, or K* channels. Interestingly, aortic
rings, with or without endothelium, pre-contracted by
phenylephrine were relaxed by tramadol, and thisrelax-
ation was not inhibited by the opiate receptor antagoni<t,
naloxone. Since tramadol has a low affinity for opioid
receptors, antagonistic effect of naloxone in our study,
perhaps, was undetectable level. Therefore, it wascon-
cluded that the effect of opioid receptors on tramadol-
induced relaxation does not seem to be important.
However, L-NAME, a specific and competitive NO-
synthase (NOS) inhibitor was able to partially inhibit
therelaxant effect of tramadol on phenylephrine-induced
contraction. Taken together, these results suggest that
the relaxation of the rabbit aorta caused by tramadol
may be mediated through the activation of the NOS-
guanylate cyclase pathway.

Tramadol significantly reduced the contractile re-
sponse induced by phenylephrine only at high concen-
trations (10 and 3x10* mol/L), whereas clinically rel-
evant concentrations of tramadol have been reported
less than 10° mol/L™. The mechanism of relaxant ef-
fect of tramadol may be related to nonspecific receptor
systems since it seems that the affinity to effectorsis
very low. The present results suggest that tramadol, at
clinically relevant concentrations, does not affect the
contractile response of thoracic aorta. Therefore our
results could be meaningful in terms of toxicology.

In conclusion, tramadol, at supraclinical
concentrations, produces greater degree of vasodila-
tion in endothelium-intact aorta, which can be explained
by stimulation of NO production by tramadol in endot-
helium-intact vessel. Pretreatment of aortic rings ei-
ther with or without endothelium with indomethacin,
glibenclamide, TEA, and naloxone did not block there-

laxation responses to tramadol, suggesting that
cyclooxygenase pathway, potassium channels, and
opioid receptors may not be involved in thisrelaxation.

REFERENCES

1 Desmeules], Piguet V, Collart L, Dayer P. Yohimbine an-
tagonism asatool to assess extent of monoaminergic modula-
tion in analgesic effect: experience with tramadol. Experientia
1994: 50; 79.

2 RaffaRB, Friderichs E, Reimann W, Shank RP, Codd EE,
Vaught JL. Opioid and non-opioid components indepen-
dently contribute to the mechanism of action of tramadol, an
atypica opioid analgesic. JPharm Exp Ther 1992: 260; 275-
85.

3 Coallart L, Lutty C, Dayer P. Partial inhibition of tramadol
antinoniceptive effect by naloxone in man. Br J Clin
Pharmacol 1993: 35; 73.

4 VickersMD, O’ Flaherty D, Szekely SM, Read M, Yoshizumi
J. Tramadol: pain relief by an opioid without depression of
respiration. Anaesthesia1992: 47; 291-6.

5 Hennies HH, Friderichs E, Schneider J. Receptor binding,
analgesic and antitussive potency of tramadol and other se-
lected opioids. Arzneimittelforschung 1988: 38; 877-80.

6 RaffaRB, Friderichs E, Reimann W, Shank RP, Codd EE,
Vaught JL, et al. Complemantary and synergistic
antinoniceptive interaction between the enantiomers of
tramadol. JPharm Exp Ther 1993: 267; 331-40.

7 Ellmauer S, Dick W, Otto S, Muller H. Verschiedene Opioide
beim kardiovaskul und auml; ren Risikopatienten.
Anaesthesist 1994: 43; 743-9.

8 TrybaM, Zenz M. Wirksamkeit und Nebenwirkungen von
Opioiden und apha-Adrenorezeptoragonisten inder Therapie
postoperativer Schmerzen. Schmerz 1992: 6; 182-91.

9 KarschK, Wiegand V, BlandkeH, Kreuzer H. Wirkung eines
neuen Analgetikums (Tramadol) auf die Hauml; modynamik
bei Patienten mit koronarer Herzkrankheit. Z Kardiol 1979:
68; 599-603.

10 Retting G, Kropp J. Analgetische Wirkung von tramadol
beim akuten Myocardinfarkt. Therapiewocche 1980: 30;
5561-6.

11 Osterloh G, Friderichs E, Felgenhauer F, Gunzler WA, Henmi
Z, Kitano T, et al. Genera pharmacological studies on
tramadol, a potent analgetic agent. Arzneimittelforschung
1978: 28; 135-51.

12 Rapoport R, Murad F. Agonist-induced endothelium depend-
ent relaxation in rat thoracic aorta may be mediated through
cGMP. Circ Res1983: 52; 352-7.

13 Johns RA. Endothelium-derived relaxing factors: basic re-
view and clinical implications. J Cardiothorac Anesth 1991:
5; 69-79.

14 Van Houtte PM. Endothelium and control of vascular
function. Hypertension 1989: 13; 658-67.

15 Myers PR, Minor RL, Guerra R, Bates JN, Harrison DG.
Vasorelaxant properties of the endothelium-derived relaxing
factor more closely resemble S-nitrosocysteine than nitric
oxide. Nature 1990: 10; 161-3.



