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Abstract

Local administration of exogenous opioids may cause effective analgesia without adverse symptoms from the central nervous

system. Experiments show that peripheral antinociceptive effect of opioids is observed especially in inflammatory pain. The aim of

the research was to estimate the effect of tramadol on nociceptive process at the level of peripheral nervous system, after its local

administration in the model of knee joint inflammation.

Tramadol was administered intraarticulary into the rat knee joint, before the inflammation as a preemptive analgesia and, for

comparison, after the intraarticular injection of carrageenan. The research determined the influence of tramadol injection on pain

threshold for thermal stimuli, development of inflammatory processes using the measurement of joint edema and motor function

following the induction of knee joint inflammation in the rat. Functional assessment of knee joint with inflammation, in terms of rats’

mobility and body position as well as joint loading and mobility were studied.

The results of the experiments show that local administration of tramadol induces antinociceptive effect. The effect of tramadol,

which elicits also a decrease in inflammatory edema, appears not only after its administration after carrageenan when inflammation

was already present, but also in the case of its injection prior to carrageenan in the scheme of preemptive analgesia.

The results of the described research show that not only morphine but also another opioid, tramadol, widely used in clinical practice,

inhibits nociception, edema and functional impairment of the paw after its local application directly to the inflamed knee joint.
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Introduction

The use of opioid antinociceptive medications bears a

risk of adverse effects, like nausea, vomiting, hypoto-

nia, depression of respiratory center and excessive se-

dation. For this reason, search for alternative methods

capable of influencing nociceptive processes, e.g. by

peripheral route, is constantly in progress. Occurrence

of opioid receptors in tissues beyond the central nerv-

ous system creates an opportunity to administer

opioids peripherally in order to alleviate as well acute

(e.g. postoperative) as chronic pain without the risk of

centrally mediated undesirable effects [9, 31]. Experi-

mental studies on animals demonstrated peripheral

antinociceptive opioid action in inflammatory pain
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[19, 29, also our unpublished observation]. Analgesic

effects were observed after the injection of low, pe-

ripherally inactive doses of opioids directly into the

inflamed tissues and after treatment with drugs whose

ability to cross blood-brain barrier was markedly re-

duced [19]. Clinical data available so far have also

demonstrated analgesic effects of opioids after their

intraarticular, i.e. peripheral, administration to pa-

tients with knee joint inflammation [15, 26, 36]. It is

known that joint pain develops due to irritation of

nerve endings of A� and C fibers in articular capsule,

tendons, ligaments, synovial membrane of joints and

periosteum. Inflammation, including knee joint in-

flammation, leads to a lowering of sensitivity thresh-

old of nerve endings, alterations in signal transduction

and rise in density of nerve endings. Studies of Pueh-

ler et al. have revealed that inflammation induces an

increase in synthesis of opioid receptors and their in-

traaxonal transport to the central and peripheral nerve

endings in the dorsal root ganglia [23]. In addition,

peripheral opioid receptors were proven to be present

on peripheral sensory nerve endings in human knee

joint synovial tissue [30]. Thus, local administration

of exogenous opioids can produce efficient analgesia.

Up until now, a positive effect was obtained with in-

traarticular morphine (0.5–5 mg) after knee surgery in

chronic rheumatoid arthitis and osteoarthritis, at bone

harvest site, after dental, laparoscopic, and urinary

bladder surgery [15, 17, 26, 36]. In the present studies, we

used tramadol, which is an opioid, whose 40% of antino-

ciceptive action results from activation of µ-opioid recep-

tors, while �2-receptor and serotonergic receptor stimula-

tion in descending antinociceptive system accounts for

the remaining 60% of analgesic activity of this compound

[24, 37]. Tramadol administered peripherally is widely

used in pain treatment. Therefore, the aim of the present

study was to assess a possible antinociceptive effect of

tramadol administered intraarticularly by the action on

peripheral nervous system in the model of knee joint in-

flammation in rats. Tramadol was administered both pre-

emptively and after induction of the inflammation.

Material and Methods

Animals

Experiments were conducted on male Wistar rats

(260–350 g) from a laboratory animal farm from

Rembertów/Warszawa, Poland. Rats were kept 6 to

a cage under 12 h/12 h light/dark cycle (light on be-

tween 8.00–20.00), with food and water available ad

libitum. Experiments were performed between

8.00–16.00. The rats were habituated to handling be-

fore experiments. All experiments were carried out

according to the National Institutes of Health Guide

for the Care and Use of Laboratory Animals and rec-

ommendations of the IASP [40], and were approved

by the Local Bioethics Committee (Institute of Phar-

macology, Kraków, Poland).

Drugs

Tramadol hydrochloride – Grünenthal GmbH, Aachen,

Germany; carrageenan (Carrageenan) – Sigma-Aldrich,

St. Louis, USA; hydrated aluminium silicate

[Al4Si4O10(OH)8] – Polish Reagents Company, Gli-

wice, Poland; physiological saline (0.9% NaCl) –

Fresenius-Kabi, Perfusion Fluids, Kutno, Poland.

All tested substances were dissolved in physiologi-

cal saline and injected at doses reported in mg per

rat’s knee joint.

Carrageenan model of joint inflammation

The studies were performed using the model of

carrageenan-induced inflammatory pain. Animals

were given inhalation halothane anesthesia (2–3%, v/v)

administered with oxygen (5 l/min), in a Plexiglas

chamber for anesthetizing animals. After anesthesia

induction, the animals were intraarticularly (ia) in-

jected 100 µl of carrageenan (20 mg/ml) suspension

in kaolin (20 mg/ml) to knee joint of the hind paw ac-

cording to modified method published previously [14,

33]. Pain threshold was measured just before the ex-

periments (basal) and twice after induction of inflam-

mation with evaluation of articular function.

Intraarticular injections

Animals were lightly anesthetized by inhalation of ha-

lothane (2–3%, v/v oxygen mixture, 5 l/min) for 2 to

3 min in a Plexiglas chamber before each intraarticu-

lar injection. The doses of test substances (in a vol-

ume of 50 µl) selected on the basis of pilot studies

were administered into knee joint of the rat’s hind paw

using 25G injection needles and Hamilton syringe.

Control group received 50 µl of 0.9% physiological sa-

line.
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Two test drug treatment schedules were applied:

drugs were given prior to induction of inflammation

(preemptive analgesia) or thereafter. Therefore, tra-

madol was administered ia at 0.1, 0.25, 1.0 and 2.5 mg

doses (always in a volume of 50 µl) 15 min prior to

inflammation induction or at 1.0 mg ia 30 min after

the injection of carrageenan. Measurement of pain

threshold and the remaining tests were carried out at

the 4 and 8 h after administration of carrageenan. Imme-

diately after the experiment, the animals were adminis-

tered intraperitoneally a lethal dose of pentobarbital.

Behavioral studies

Paw withdrawal test (PW) – measurement of pain

threshold

Sensitivity to thermal nociceptive stimuli was tested

in paw withdrawal apparatus (mod. 33, IITC Inc.

Landing, NJ). A rat was placed in a plastic cage with

transparent floor and left for 5 min for habituation.

Then, a light beam of defined constant intensity was

focused on the plantar surface of the rat’s inflamed

hind paw, and latency of paw withdrawal was re-

corded. The measurement was repeated three times at

30-s intervals. The result was calculated as the arith-

metic mean of triplicate measurements. The measure-

ments were conducted shortly (30 min) before the

experiment started and at the selected time points there-

after, dependent on objectives of individual experiments.

Measurement of joint edema

Edema of the inflamed paw was measured using ple-

thysmometer (Ugo Basile Cat. no. 7140). The meas-

urement consisted in submerging the paw before the

experiment (basal) and with joint inflammation in the

test chamber filled with the appropriately prepared

0.9% physiological saline, always to the same level.

The result of the measurement (volume in ml) was

read on electronic screen of plethysmometer.

Functional assessment of the inflamed rat paw

knee joint

The assessment was based on observation of a rat

placed in a single cage after 5-min habituation to new

conditions. The following measures of knee joint

function were assessed: rat’s motility and body posi-

tion, paw loading, joint mobility. The assessment was

performed according to numerical scales presented in

Table 1 and published earlier by Butler et al. [3] with

modification of the score of joint mobility.

Statistical analysis

Statistical analysis was conducted using a one-way

analysis of variance (ANOVA). Different groups were

compared with the control (administered carrageenan)

with the use of Bonfrroni’s multiple comparison test.

Values differing at * p < 0.05, ** p < 0.01 were statistically

significant. Each group of animals treated with tramadol

contained 8 animals, control group contained 16 animals.

Statistical analysis was performed for data obtained in

measurement of pain threshold and joint edema. Data

presented in Table 2 and 3 were not statistically analyzed.

Results

Development of knee joint inflammation

Intraarticular (ia) carrageenan administration into the

rat’s hind paw knee joint statistically significantly
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Comparative scales Score

Assessment of rat’s motility

Rat lays motionless 0

Rat creeps 1

Rat walks with difficulty 2

Rat runs and walks with difficulty 3

Rat runs and walks normally 4

Assessment of paw loading

Rat stands only on 3 paws 0

Rat stands on 3 paws, the inflamed paw is slightly bended
and touches the ground

1

Rat stands slightly loading the inflamed paw 2

Rat stands normally equally loading all paws 3

Assessment of joint mobility

Full joint immobility 0

Limitation of flexion/extension 1

Normal joint mobility 2



lowered pain threshold, which indicated development

of hyperalgesia in response to thermal painful stimuli,

as measured 4 and 8 h after the treatment (basal level:

5.7 ± 0.1 s, after 4 h: 2.9 ± 0.3 s, after 8 h: 2.8 ± 0.9 s;

p < 0.01, F(2, 45) = 8.934; Fig. 1). In addition, edema

of the inflamed paw increased 4 and 8 h after car-

rageenan treatment (basal level: 2.41 ± 0.02 ml, after

4 h: 3.95 ± 0.29 ml, after 8 h: 4.55 ± 0.25 ml; p < 0.001,

F(2, 45) = 24.87; Fig. 2). Impairment of knee joint

function after induction of the inflammation was also

observed. In comparison with normal functions which

are scored as 4 in motility, 3 in paw loading and 2 in

joint mobility, the observed functions have the lower

value of the score (body position after 4 h: 3.3, after

8 h: 2.6, paw loading after 4 h: 1.4, after 8 h: 2.2 and

joint mobility: flexion – after 4 h: 1.3, after 8 h: 0.8;

extension – after 4 h: 1.5, after 8 h: 0.7).

Effect of tramadol administration before

carrageenan

Tramadol at doses of 0.1 and 0.25 mg administered ia

before induction of inflammation statistically signifi-

cantly inhibited development of hyperalgesia and ele-

vated pain threshold to thermal stimuli (Fig. 1A). This

action was more pronounced 4 h after carrageenan treat-

ment (p < 0.01, F(3, 38) = 7.42). Tramadol at a dose of

1.0 mg produced statistically significant increase in pain

threshold in the paw withdrawal test 8 h after carrageenan

administration (p < 0.01, F(3, 38) = 5.53; Fig. 1A).

Tramadol injected ia at all doses reduced knee joint

edema in rats at both time points under study, but

statistically significant lowering of knee joint edema

was reached 8 h after inflammation induction, com-

pared to the respective control groups (p < 0.05, F(3,

38) = 5.204; Fig. 1B).

A tendency to improvement of motility, expressed

at both time points after induction of inflammation, to

increased propensity to load the inflamed paw (par-

ticularly after 4 h) and to the improvement of knee

joint mobility 8 h after injection was observed in rats

administered tramadol at 0.1 mg. Tramadol injected ia

at 0.25 and 1.0 mg doses markedly improved motility

of rats, showed a tendency to improve ability to load

the inflamed paw, and increased knee joint mobility at

both time points under study (Tab. 2).

Effect of tramadol administration after

carrageenan

Tramadol administered into knee joint of the rat hind

paw at a selected dose of 1.0 mg 30 min after car-

rageenan injection significantly increased pain thresh-

old to thermal stimuli persisting 8 hours after inflam-

mation induction (p < 0.05, F(3, 28) = 3.13; Fig. 2A),

which indicated delayed antinociceptive action of tra-

madol administrated after carrageenan at that dose.

Plethysmometric measurement demonstrated that

tramadol administered into knee joint of the rat hind
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Tab. 3. '�� �		��� �	 �������� �� � ���� �	 � �� ���������� ������"
�������� 9��: !$ �� �	��� ����������� �5����� �� ���� 5��� 	���"
���� , ��� ; � �	��� �	�������� �������3 '�� ������� ��� ���"
������ �� ��� ����� �	 ; ���� ��� �<��������� ����� ��� �= ���� 	��
������� �����3 ������� ���������� ���� 5��� 	������ �	��� ���"
�������� ��� ����������� ����� ������ �	 ��������

Comparative scale 4 h 8 h

control tramadol control tramadol

motility 3.5 2.5 2.4 3.5

paw loading 1.2 1.5 0.9 1.6

joint mobility flexion 0.7 1.2 1.4 1.4

extension 0.9 1.3 1.3 1.5

Tab. 2. '�� �		��� �	 �������� 9����� ��� � ��: ���������� �������������� 9��: �# �� ���� �� ����������� �5����� �� ���� 5��� 	������ ,
��� ; � �	��� ������� �	 �	��������3 '�� ������� ��� ��������� �� ��� ����� �	 ; ���� ��� �<��������� ����� ��� �= ���� 	�� ������� �����3
������� ���������� ���� 5��� 	������ �	��� ����������� ��� ����������� ����� ������ �	 ��������

Comparative scale 4 h 8 h

tramadol tramadol

control 0.1 0.25 1.0 control 0.1 0.25 1.0

motility 3.3 3.8 3.9 3.7 2.6 3.5 3.7 3.4

paw loading 1.4 2.7 2.4 2.1 2.2 2.6 2.5 2.8

joint mobility flexion 1.3 1.4 1.5 1.5 0.8 1.2 1.4 1.3

extension 1.5 1.6 1.7 1.7 0.7 1.2 1.6 1.4



paw at 1.0 mg reduced edema of the inflamed joint in

comparison with the control group both 4 (p < 0.01)

and 8 (p < 0.05, F(3, 20) = 9.46; Fig. 2A) hours after

carrageenan administration. It was also observed that

tramadol at 1.0 mg dose worsened motility of rats,

measured 4 h after induction of inflammation,

whereas at 8 h it showed a tendency to improve motil-

ity compared to the control group. Moreover, a marked

amelioration of the paw loading was noted 8 hours af-

ter the injection, while mobility of the inflamed joint

was improved at both intervals (Tab. 3).

Discussion

In the present studies, tramadol administered intraar-

ticularly diminished nociceptive process acting at the

level of the peripheral nervous system as observed in

the model of knee joint inflammation in rats. Analge-

sic effects were obtained as well when the drug was

administered before (the strongest effect 4 h after car-

rageenan administration) as after the injury (at 8 h af-
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ter carrageenan treatment). Tramadol is an antino-

ciceptive drug distinguished by its unique mechanism

of action, viz. it acts as an analgesic as well by the

agonistic action on µ-opioid receptors localized in the

central and peripheral nervous system as by a non-

opioid mechanism. Chemical structure of tramadol is

similar to morphine, but it is characterized by

a weaker than morphine affinity for µ-opioid recep-

tors, and its affinity for the remaining opioid receptors

� and � is even lower. Affinity of tramadol for

µ-opioid receptor is 10 times weaker than that of co-

deine and 6000 times weaker than morphine, there-

fore, it is thought that a tramadol metabolite

O-desmethyltramadol is responsible for the opioid

component of tramadol-induced analgesia [5]. Affin-

ity of this metabolite for µ-opioid receptor is many

times higher than that of the precursor. Some studies

indicated that only 40% of analgesic action of trama-

dol was antagonized by naloxone, which confirms ex-

istence of another, non-opioid analgesic mechanism

of this drug’s action [8, 24]. Moreover, tramadol was

fund to be a racemic mixture of two enantiomes [4] of

which enantiomer (+) inhibits serotonin reuptake in

synapses of serotonergic system concomitantly stimu-

lating presynaptic 5HT release in these structures, and

is responsible for the opioid mechanism of tramadol

analgesia. The enantiomer (–) inhibits noradrenaline

reuptake in the noradrenergic system junctions, which

is particularly important considering synergistic inter-

action between �2-adrenoceptors of this system and

opioid receptors [7, 18, 25]. The activation of seroto-

nergic and noradrenergic component of descending

antinociceptive system is responsible for about 60%

of antinociceptive effect of tramadol involving activa-

tion of descending antinociceptive systems and sup-

pression of reuptake of amines [6, 24]. This was con-

firmed by the studies of Kayser et al. [12] who dem-

onstrated implication of noradrenergic component in

tramadol action in the model of joint inflammation in

the rat, and by research of Rojas-Corrales et al. [27]

who proved in the model of acute pain that tramadol

acted by the augmentation of serotonin reuptake inhi-

bition.

Some previous studies with intraarticular tramadol

administration in patients with postoperative pain in-

dicated its significantly weaker analgesic action in

comparison with morphine [16]. The above-described

action was probably to a greater extent dependent on

the opioid component, while the non-opioid compo-

nent was less significant. The lack of adrenergic and

5HT receptor expression in the inflamed joint tissues,

demonstrated earlier by Bamigbade et al. [1] confirms

this suggestion.

The present studies have shown that a stronger tra-

madol effect can be obtained in the model of preemp-

tive analgesia with its intraarticular administration to

knee joint of the rat’s hind limb. The results of these

experiments are in agreement with clinical studies of

Wordliczek et al. in which preemptive systemic tra-

madol administration lowered the use of analgesics in

early postoperative period [37]. This mechanism was

also shown to operate after local administration of

other opioids, e.g. preemptive morphine injection

around a surgical wound decreased requirement for

systemic opioids in postoperative period [39]. A very

high efficacy of intraarticular morphine was also

proven after knee joint arthroscopic procedures [13,

28], and in the treatment of chronic knee joint inflam-

mation in humans [32].

Tramadol doses of 0.1 mg, 0.25 mg and 1.0 mg,

used in our studies, increased pain threshold for ther-

mal stimuli as demonstrated in the paw withdrawal

test at both time points.

Intraarticular tramadol administration after induc-

tion of inflammation prolonged also latency of paw

withdrawal after application of thermal stimulus. Tsai

and Won also demonstrated in the model of neuro-

pathic pain that tramadol administered systemically

either at a single dose or chronically significantly and

dose-dependently increased pain thresholds for ther-

mal stimuli in the paw withdrawal test [34]. Ujar et al.

alike reported that this effect was augmented by the

administration of venlafaxine, a serotonin and nora-

drenaline uptake inhibitor [35]. Kayser et al. [11]

showed earlier that tramadol increased pain thresh-

olds for mechanical stimuli in the model of knee joint

inflammation in rats induced by treatment with

Freud’s adjuvant, which was confirmed by our experi-

ments on carrageenan model.

Plethysmometric measurements have shown that

tramadol administered intraarticularly, as well in the

model of preemptive analgesia as after induction of

inflammation decreased the inflammatory edema of

knee joint at the study time points. This is concordant

with observations of Bianchi et al. [2] who applied

tramadol in the model of local inflammation of rat’s

paw, induced by yeast application, and demonstrated

a significant alleviation of inflammatory edema and

hyperalgesia. Tramadol administered preemptively

improved motility of animals, and the effects varied
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depending on measurement time. The inflamed paw

loading and mobility of the knee joint showed similar

tendency.

Another interesting outcome of the present experi-

ments is the demonstration of antinociceptive action

of tramadol administered locally. Walker put forward

the hypothesis about a key role of opioid receptors at

different stages of inflammatory cascade and showed

therapeutic benefits of their local administration [23].

Walker ascribed a crucial role to �-opioid receptors,

whose stimulation strengthens anti-inflammatory po-

tential [23]. Tramadol was reported to exhibit weaker

antinociceptive action than morphine, when adminis-

tered intraarticularly in clinical study but the effect

persisted much longer, for 5 days after intraarticular

injection [16]. This aspect of tramadol action can be

linked to the most often mentioned cause of augmen-

tation of antinociception after opioid receptor activa-

tion in inflammation, i.e. changes in cholecystokinin

and noradrenaline systems [20]. Mechanism of pe-

ripheral opioid action in the inflamed tissues is not

fully explained yet, although cytokines and CRF are

known to participate in it [10, 22]. It would be inter-

esting to consider the model of intraarticular applica-

tion of new peripherally restricted as well as classical

opioids, whose efficacy in the treatment of neuro-

pathic pain has been confirmed [21].

In summary, the studies presented in this paper in-

dicate that tramadol can be administered locally in or-

der to suppress peripheral sensitization and that the

model of carrageenan joint inflammation could be

used to try new substances in order to optimize treat-

ment of postoperative pain in clinical practice, e.g. in

arthroscopic surgery.
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