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MECHANISM OF THE PRO-INFLAMMATORY
ACTIVITY OF SYMPATHOMIMETIC
AMINES IN THERMIC OEDEMA OF THE RAT PAW
K.L. GREEN
School of Pharmacy, City of Leicester Polytechnic, P.O. Box 143, Leicester, LE1 9BH

1 Thermic oedema induced by heating rat paws at 46.50C was potentiated by local injection
of adrenaline, noradrenaline or high doses of isoprenaline. The pro-inflammatory effect of
sympathomimetic amines was antagonized by phenoxybenzamine or phentolamine but not by
propranolol.
2 The subcutaneous space of heated rat paws was perfused with Tyrode solution and the
perfusate collected and assayed for bradykinin, bradykininogen, kinin-forming activity and
kininase activity. When adrenaline (0.5 ,g/ml) was included in the perfusion fluid, kininase
activity of the perfusate was increased by 76% and free bradykinin reduced by 46%.
3 Increased vascular permeability induced by injection of bradykinin or kallikrein was
reduced by adrenaline or noradrenaline, but isoprenaline had no significant effect.
4 Pretreatment with soya bean trypsin inhibitor (SBTI) or heparin did not antagonize the
pro-inflammatory effect of adrenaline or thermic oedema per se.
5 Potentiation of thermic oedema similar to that induced by sympathomimetic amines was

obtained by injecting paws with vasopressin prior to heating, or by applying a ligature to stop
blood flow to the paw for the first 15 min of heating.
6 Thermistor probes inserted beneath the paw skin showed that sympathomimetic amines
increased the internal temperature of heated paws. This was significant, as small changes in
temperature had a marked effect on the development of thermic oedema.
7 It is suggested that sympathomimetic amines potentiate thermic oedema of rat paws heated
at 46.50C by reducing blood flow to the paw, thereby causing a greater rise in paw temperature
and consequently greater injury.

Introduction

If the paws of anaesthetized rats are immersed in
water at 46.50C for 30 min or more the paws
develop an inflammatory oedema. Bradykinin is
present in perfusates collected from the sub-
cutaneous space of heated paws perfused with
Tyrode solution and has been implicated as the
inflammatory mediator in thermic oedema (Rocha
e Silva & Antonio, 1960; Garcia Leme, Hamamura
& Rocha e Silva, 1970). Rocha e Silva (1962)
reported that ol-adrenoceptor blocking agents or
reserpine pretreatment suppressed thermic oedema
and suggested that catecholamines may activate
kinin-forming enzymes. Starr & West (1967),
however, found that injected adrenaline or
noradrenaline antagonized thermic oedema and
speculated that a-adrenoceptor blocking agents
suppress thermic oedema by increasing plasma
levels of catecholamines.

The aim of the present study was to examine
the effects of sympathomimetic amines on
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parameters affecting the recovery of bradykinin in
perfusates from paws heated at 46.50C. In the
course of this study, it was observed that
sympathomimetic amines potentiated thermic
oedema and the mechanism of this effect was
investigated. A preliminary account of this work
was presented to the British Pharmacological
Society (Green, 1973).

Methods

Rats which are resistant to the anaphylactoid
reaction to dextran are reported to be resistant to
thermic oedema (Gecse, Karady, Starr & West,
1965) and hence only dextran reactors were used
in these experiments. Wistar (Tuck) rats
(160-180 g) were anaesthetized with pento-
barbitone sodium (45 mg/kg i.p.), injected i.v.
with 0.4 ml of a 1% solution of Evans blue in
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saline and both paws coaxially perfused, as
described by Garcia Leme et al. (1970). The hind
paws were immersed in water at 46.50C, perfused
with Tyrode solution (pH 7) at 0.2 ml/min and the
perfusate draining from the subcutaneous space of
the paws collected over the first 30 min of heating.
The effect of adrenaline or isoprenaline was
examined by perfusing one of the hind paws with
Tyrode solution containing sympathomimetic
amine and by comparing the perfusate with that
from the other paw perfused with Tyrode solution
alone. The permeability of the paw blood vessels
to Evans blue-labelled albumin was assessed by
measuring the optical extinction of the perfusate
at 615 nm.

In some experiments the development of
thermic oedema was followed by heating the paw
without perfusion. Anaesthetized rats were
injected i.v. with 0.1 ml of 0.5% Evans blue
solution in saline and paw volume was measured
every 15 min by the plethysmographic method of
Buttle, D'Arcy, Howard & Kellet (1957). Sym-
pathomimetic amines were dissolved in 0.9% w/v
NaCl solution (saline), adjusted to pH 7, and
0.05 ml injected beneath the plantar surface of the
hind paw 15 min prior to heating.

Assay of perfusate

The perfusates were assayed directly for brady-
kinin activity on the isolated uterus of a rat
injected with stilboestrol (50ug s.c.) 24 and
48 h previously. A 2 ml bath containing modified
Krebs solution, (10% of the usual concentration of
calcium) gassed with 95% oxygen and 5% carbon
dioxide at 280C, was used; the Krebs solution
contained atropine (1 ,ug/ml), mepyramine
(0.25 ,ug/ml), methysergide (0.25 pg/ml), phento-
lamine (2 jig/ml), sotalol (100 ,ug/ml) and
chymotrypsin (2jig/ml). Chymotrypsin in the
bathing fluid increased the sensitivity of the uterus
to bradykinin up to five-fold over several hours,
enabling responses to be obtained with 0.1-0.4 ng
of bradykinin. Each assay preparation was tested
to ensure that the concentration of adrenoceptor
blocking agents in the bathing fluid was sufficient
to antagonize completely the effects of sympatho-
mimetic amines present in the perfusates.

When estimating bradykininogen, kinin-forming
activity and kininase activity of the perfusates, the
relatively high concentrations of bradykinin
present were assayed on the terminal guinea-yig
ileum bathed in Tyrode solution at 32 C,
containing the same antagonist drugs as described
for the uterus. Contact with chymotrypsin
(100j,g) for 5 min sensitized the ileum to
bradykinin for several hours and hence it was not
necessary to include chymotrypsin in the bathing

solution. Rat duodenum was sometimes used to
assay and characterize the perfusate (Gaddum &
Horton, 1959), the antagonist drugs previously
described being included in the de Jalon bathing
fluid. Further characterization of the kinin-like
nature of the perfusates was made by incubation
of samples with chymotrypsin, which destroys
bradykinin.

Estimation of bradykininogen

The method used was that described by Dawson,
Starr & West (1966); 0.5 ml samples of perfusate
were used. The bradykininogen content of the
perfusates was expressed as the amount of
bradykinin which would have been formed from
the whole of the 30 min sample.

Kinin-forming activity

Citrated rat plasma, previously heated at 610 C for
1 h, was used as substrate, 3-4 jig of bradykinin
being formed when 1 ml of heated plasma was
incubated with trypsin. One ml of perfusate was
added to polythene tubes containing 0.4 ml heated
plasma, 0.1 mg phenanthroline and 0.5 ml
Tris (tris(hydroxymethyl)-aminomethane) buffer
(0.1 M ) pH 7. This mixture was incubated at 370C
for 1 h, the tubes were placed on ice and the kinin
formed was assayed. Kinin-forming activity of the
perfusate was expressed as the amount of
bradykinin which would have been formed by the
whole of the 30 min sample in 1 hour.

Kininase activity

The method used was that described by Edery &
Lewis (1962). Kininase activity was expressed as
the amount of bradykinin which would have been
inactivated by the whole of the 30 min perfusate
in 1 hour.

Drugs

The following drugs were used: (-)-adrenaline
hydrogen tartrate (B.D.H.); (-)-noradrenaline
bitartrate (Koch-Light); (+)-isoprenaline sulphate
(Abbot); bradykinin triacetate (Sigma); (±)-sotalol
hydrochloride (Mead Johnson); (±)-propranolol
hydrochloride (I.C.I.); phentolamine mesylate
(CIBA); phenoxybenzamine hydrochloride
(S.K.F.); pancreatic kallikrein (Bayer); trypsin
(Sigma); soya bean trypsin inhibitor (SBTI)
(Sigma); ci-chymotrypsin (Sigma); heparin (Evans);
atropine sulphate (B.D.H.); mepyramine maleate
(May & Baker); methysergide bimaleate (Sandoz).
All doses and concentrations mentioned in v the
text refer to the salts, except for adrenaline,
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Fig. 1 Effect of adrenaline (1 ,g), noradrenaline
(11 g) or isoprenaline (20 Mg) on the time course of
thermic oedema in the rat hind paw. A subplantar
injection of adrenaline (o), noradrenaline (a) or
isoprenaline (o) in 0.05 ml saline was made 15 min
before heating at 46.50 C. Control paws (.) were
injected with 0.05 ml saline. Each point is the mean of
at least 10 determinations ±s.e. mean.

noradrenaline and isoprenaline
expressed in terms of the base.

which are

Results

Local injection of adrenaline, noradrenaline or, in
high doses, isoprenaline, increased oedema,
petechial haemorrhage and the exudation of dye in
paws heated at 46.50C (Figures 1 & 2). The
pro-inflammatory effect was most noticeable
30-60 min after heating had commenced. Pre-
treatment with phenoxybenzamine or phento-
lamine reduced the pro-inflammatory effect of
sympathomimetic amines, but pretreatment with
propranolol had no significant effect (Table 1).
These results contrast with those of Starr & West
(1967) who found that adrenaline or nor-
adrenaline suppressed thermic oedema when
measurements were taken after the paws had been
heated at 46.5°C for 30 minutes. Attempts were
made to reproduce the results of Starr & West
(1967) by heating the paws for only 30 min, but a
pro-inflammatory effect of adrenaline and nor-
adrenaline was always observed.

0.1 1.0 10 100

Dose of catecholamine (pg/paw)

Fig. 2 Effect of sympathomimetic amines on
thermic oedema of the rat hind paw. Adrenaline (-),
noradrenaline (A) or isoprenaline (a) were injected
into the plantar surface of the hind paw 15 min before
heating the paw at 46.50 C. Control paws were injected
with 0.05 ml saline. Each point is the mean of at least
10 determinations ±s.e. mean.

The perfusates obtained from heated, coaxially
perfused paws sometimes became contaminated
with blood during the period of collection, which
greatly increased the kinin-like activity, and the
samples were rejected. Changes in the concentra-
tion of Evans blue in the perfusates was found to
parallel changes in the bradykininogen content.
The amount of free bradykinin, kinin-forming
activity and kininase activity in the perfusates
from heated paws was considerably lower than
reported by Starr & West (1967) and Arrigoni
Martelli, Corsico & Fagagnola (1969). However,
Salmon & West (1973) have recently shown that
Tuck Wistar rats release significantly less brady-
kinin in thermic oedema than rats from other
colonies.

When adrenaline (0.5 ,ug/ml) was included in
the perfusion fluid, the kininase activity of the
perfusate was significantly increased (P < 0.05)
and the recovery of bradykinin in the perfusate
was correspondingly reduced (Figure 3). Adrena-
line appeared to have no effect on bradykininogen
or kinin-forming activity of the perfusate and
isoprenaline in the perfusion fluid had no
significant effect on any of the parameters
affecting the kinin system.
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Since bradykinin has been implicated as the
mediator in thermic oedema, it was of interest to
investigate the effect of sympathomimetic amines
on the vascular permeability response to injected
bradykinin. Adrenaline or noradrenaline sup-

pressed the increase in vascular permeability
induced by injected bradykinin or kallikrein but
isoprenaline was inactive (Table 2). These results
suggest that in the rat hind paw, sympathomimetic
amines antagonize the permeability effects of

Table 1 Effect of a- or ,-adrenoceptor blocking agents on the pro-inflammatory effect of sympathomimetic
amines in thermic oedema.

Increase in paw volume

Pretreatment

None

Propranolol

Phenoxybenzamine

Phentolami ne

None

Propranolol

Phentolamine

Treatmnent
ofpaw

Control
Adrenaline

Control
Adrenaline

Control
Adrenaline

Control
Adrenaline

Control
soprenal ine

Control
Isoprenaline

Control
Isoprenaline

45 min heating

cc ± s.e. mean Dif

048 ± 0.03
0.73 ± 0.05

0.60 ± 0.04
0.84 ± 0.06

0.53 ± 0.05
0.60 ± 0.06*

0.38 ± 0.04
0.48 ± 0.06**

0.54 ± 0.04
0.76 ± 0.06

0.64 ± 0.05
0.90 ± 0.07

0.36 ± 0.05
0.46 ± 0.06**

60 min heating

fference cc ± s.e. mean Difference

0.25

0.24

0.07

0.10

0.22

0.26

0.10

0.76 ± 0.04
1.26 ± 0.06

0.96 ± 0.06
1.39 ± 0.08

0.85 ± 0.06
0.93 ± 0.06**

0.63 ± 0.05
0.75 ± 0.06**

0.89 ± 0.07
1.15 ± 0.06

0.97 ± 0.05
1.19 ± 0.08

0.70 ± 0.04
0.79 ± 0.05*

0.50

0.43

0.07

0.12

0.26

0.23

0.09

Adrenaline (11 g) or isoprenaline (20,g) was injected into one of the hind paws and saline into the other,
15 min before the paws were heated at 46.50C. Propranolol (10 mg/kg) or phentolamine (10 mg/kg) was
administered i.p. 30 min before heating and phenoxybenzamine (10 mg/kg) i.v. 1 h before heating. Paw volume
was measured after 45 min and 60 min of heating. Pretreatment with phentolamine or phenoxybenzamine had a
significant effect at P < 0.05 (*) or P < 0.001 (**). Each value is the mean of at least 10 determinations.

Table 2 Effect of adrenaline or isoprenaline on paw oedema induced by local injection of bradykinin or
kallikrein.

Treatment ofpaw
Increase in

paw weight (mg)

(a) None
(b) None
(c) Phenoxybenzamine
(d) Phenoxybenzamine
(e) Propranolol
(f) Propranolol
(g) None
(h) None
(i) None

Bradykinin
Bradykinin + adrenaline
Bradykinin
Bradykinin + adrenaline
Bradykinin
Bradykinin + adrenaline
Bradykinin + isoprenaline
Kalli krein
Kallikrein + adrenaline

Adrenaline (1 Mg) or isoprenaline (20 Mg) was injected into the plantar surface of the hind paw 10 min before
injecting the paw with bradykinin (1 Mug) or kallikrein (1 unit). Control paws were injected with an equal volume
of saline (0.05 ml or 0.1 ml). The rats were killed 30 min after injection of bradykinin or kallikrein and the
paws amputated at the tarsocrural joint and weighed. The difference in weight between control and treated paws
was recorded. Phenoxybenzamine (10 mg/kg i.v.) and propranolol (10 mg/kg i.p.) were administered 30 min
before injection of adrenaline. Each value is the mean of at least 10 determinations ± s.e. mean. N.S.-Not
significant.

Pretreatment
p

compared with

135 ± 28
29 ± 10

128 ± 24
107 ± 22
133 ± 32
19 ± 6

121 ± 34
128 ± 29
38 ± 16

(a) <0.01

(c) <0.01

(e)
(a)

(h)

N.S.
N .S.

<0.02
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Fig. 3 Effect of adrenaline or isoprenaline on the amount of bradykinin, bradykininogen, kinin-forming
activity and kininase activity in perfusate from paws heated at 46.50 C. Paws were perfused with Tyrode solution
alone (A), or Tyrode solution containing adrenaline 0.1,g/ml (B1), adrenaline 0.5,ug/ml (B2), isoprenaline
0.1 ,ug/ml (C1), isoprenaline 0.5 Ag/ml (C2 ). Perfusate was collected over the first 30 min of heating. Each value
is the mean of at least eight determinations ±s.e. mean.

bradykinin by activation of at-adrenoceptors, in
contrast to the mouse paw, where both ct- and
,B-adrenoceptors appear to be involved in the
anti-inflammatory effect of sympathomimetic
amines (Green, 1972).

As evidence supporting the role of bradykinin
as a mediator of thermic oedema, Garcia Leme et
al. (1970) reported that SBTI and other
anti-proteases prevented the appearance of brady-
kinin in the perfusate from heated paws. However,
in experiments described here, local injection of
SBTI failed to antagonize the pro-inflammatory
effect of adrenaline or thermic oedema per se
(Table 3).

Heparin did not antagonize the pro-
inflammatory effect of adrenaline in thermic
oedema (Table 3), suggesting that the effect is not
due to altered coagulation mechanisms, as in the

Schwartzman or Arthus reactions (Thomas, 1956;
Henson, Hartness & Brunson, 1969) or the
pro-inflammatory effect of adrenaline described
by Selye, Somogyi & Vegh (1968). Pretreatment
with heparin greatly increased the severity of
petechial haemorrhage in both control and
adrenaline-injected paws.

Local injection of vasopressin enhanced the
formation of thermic oedema (Table 4), the time
course of the response being similar to that
obtained with sympathomimetic amines, but the
effect was not antagonized by phenoxybenzamine.
To ascertain whether the pro-inflammatory effect
of sympathomimetic amines in thermic oedema
could be reproduced by mechanically occluding
blood flow to the paw, a ligature was applied
above the tarsocrural joint for the first 15 min of
heating. When the ligature was removed, an
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increased inflammatory response rapidly ensued
(Fig. 4), suggesting that vasoconstrictor drugs
might potentiate thermic oedema by reducing
blood flow to the paw and thereby effectively
increase the temperature at which the paw is
heated. To test this hypothesis, thermistor probes
were inserted beneath the paw skin and tempera-
ture changes monitored while the paws were
heated. For the first 15 min of heating at 46.50 C,
the internal temperature of control paws was
approx 1 C lower than paws injected with
adrenaline (1,g) and 0.50C lower than paws
injected with isoprenaline (20,g) (Figure 5).

Adrenaline or isoprenaline did not significantly
reduce the temperature gradient across the skin in
rats pretreated with phenoxybenzamine (10 mg/kg
i.v.) 1 h previously.

To establish whether the increase in internal
temperature of paws injected with sympatho-
mimetic amines was of importance in the
pro-inflammatory effect, experiments were per-
formed in which one of the hind paws was heated
at a temperature 1 C higher than the other for the
first 15 min of heating. Paws heated at 47.5°C for
15 min and then at 46.50C were significantly more
oedematous than paws heated at 46.50C through-

Table 3 Effect of heparin or soya bean trypsin inhibitor (SBTI) on the pro-inflammatory activity of adrenaline
in thermic oedema.

Increase in paw volume

Treatmen t
ofpaw

Control
Adrenaline

Control
Adrenaline

Control
SBTI

SBTI
SBTI + adrenaline

45 min heating 60 min heating

cc ± s.e. mean Difference cc ± s.e. mean Difference

0.55 ± 0.03
0.88 ± 0.05

0.52 ± 0.04
0.91 ± 0.08

0.52 ± 0.05
0.57 ± 0.05

0.56 ± 0.04
0.90 ± 0.07

0.33

0.39

0.05

0.34

0.85 ± 0.05
1.32 ± 0.06

0.81 ± 0.06
1.28 ± 0.09

0.83 ± 0.07
0.91 ± 0.09

0.89 ± 0.08
1.41 ± 0.10

0.47

0.47

0.08

0.52

Heparin (3,000 units) was injected i.v. 15 min before heating. A subplantar injection of adrenaline (1 mg) and/or
SBTI (2 mg) was made 15 min before heating the paws at 46.50C. Control paws were injected with 0.05 ml saline.
Paw volume was measured after 45 min and 60 min of heating. Each value is the mean of at least 10 deter-
minations.

Table 4 Effect of local injection of vasopressin on thermic oedema of rat paws.

Increase in paw volume

Treatment
Pretreatment ofpaw

None None
Vasopressin 25 mu

None None

Vasopressin 75 mu

Phenoxy- None
benzamine Vasopressin 75 mu

45 min heating 60 min heating

cc ± s.e. mean Difference cc ± s.e. mean Difference

0.53 ± 0.03
0.76 ± 0.04

0.55 ± 0.04
1.04 + 0.08

0.50 ± 0.04
1.02 ± 0.09

0.26

0.49

0.52

0.83 ± 0.07
1.13± 0.09

0.87 ± 0.08
1.42 ± 0.13

0.79 ± 0.10
1.29 ± 0.12

0.30

0.55

0.50

Vasopressin was injected into one of the hind paws and saline into the other, 15 min before the paws were heated
at 46.50C. Phenoxybenzamine (10 mg/kg) was administered i.v. 1 h before heating. Paw volume was measured
after 45 min and 60 min of heating. Each value is the mean of at least 10 determinations.

Pretreatment

None

Heparin

None

None
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out (Fig. 6), showing that small changes in
temperature have a large effect on the develop-
ment of thermic oedema.

Discussion

The low concentrations of free bradykinin,
recovered in the perfusates from heated rat paws,
would appear to be insufficient to account for the
severity of the oedema. Garcia Leme et al. (1970)
found that SBTI inhibited the release of
bradykinin in the perfusate from heated paws, but
in experiments reported here, local injection of
large doses of SBTI failed to antagonize the
pro-inflammatory effect of adrenaline or thermic
oedema per se. Starr & West (1967) have expressed
similar doubts as to the importance of bradykinin
in thermic oedema and Arrigoni Martelli et al.

45 60 (1969) detected an increase in bradykinin output
only after the heated paws had increased in
volume by about 40%. This would suggest that

g blood flow to activation of the kinin system is not the initial

efirst 15mmnof cause of thermic oedema, but at most serves to
wated at 46.50C. potentiate the response.
Ideterminations Adrenaline increased the kininase activity of

the perfusates from heated paws, and this effect

46 5rX -water temperature

46 0o

45.51-

45.0L
0 15 30

Time (min)

Fig. 5 Effect of adrenaline (o) or isoprenaline (o) on the internal temperature of hind paws immersed in water
at 46.50 C. A subplantar injection of adrenaline (11 gg) or isoprenaline (20 pg) was made 15 min before heating.
Control paws (-) were injected with 0.05 ml of saline. Each point is the mean of at least 10 determinations.
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Fig. 6 Effect of temperature on the d
thermic oedema. (-) paws heated at 4(
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46.50 C. Each point is the mean ol
determinations ±s.e. mean.

was probably responsible for the re(
amount of free bradykinin in the p
paws perfused with adrenaline. Ise
no effect on kininase activity, st
adrenaline mediates its effect on kii
via a-adrenoceptors. These results co
findings of Mashford & Zacest
adrenaline increases plasma kinina:
man, an effect which is antagonized
benzamine in vitro.

Mechanism of the pro-inflammatc
sympathomimetic amines

The ability of sympathomimetic
potentiate thermic oedema does not
due to activation of the kinin
adrenaline reduced the amount of
perfusates from heated paws and an
vascular permeability effects of in
kinin or kallikrein. Furthermore, loc
the anti-protease SBTI failed to a
pro-inflammatory effect of adrenal
more likely that sympathomimetic

tiate thermic oedema by causing vasoconstriction,
which reduces blood flow to the injected paw so
that heat is less readily dissipated. Consequently,
the internal temperature of paws injected with
sympathomimetic amines is higher than control
paws and therefore they sustain greater injury.
This hypothesis is supported by the following
observations:

(a) The pro-inflammatory effect of sympatho-
mimetic amines appeared to be mediated via

/a-adrenoceptors.
(b) Injection of vasopressin in doses causing

vasoconstriction induced a pro-inflammatory
response similar to that produced by sympatho-
mimetic amines.

(c) Temporary occlusion of blood flow to the
paw while heating caused a pronounced inflamma-
tory response when blood flow was restored.

(d) The internal temperature of paws injected
with adrenaline or isoprenaline was significantly
higher than control paws over the first 15 min of
heating and was sufficient to account for the
pro-inflammatory effect.

Several points deserve comment. Isoprenaline
60 75 usually causes vasodilatation, but in the heated rat

paw it increased paw temperature, and this effect,
like its pro-inflammatory effect, was antagonized

Ievelopment of by phenoxybenzamine. This suggests that the
.50 C through- blood vessels of the paw are maximally dilated in
nin and then at thermic oedema and that in these circumstances
f at least 10 isoprenaline in high doses causes vasoconstriction

mediated via a-adrenoceptors. Although long
periods of anoxia increase vascular permeability it
is unlikely that anoxia was responsible for the

duction in the increased inflammatory response following injec-
)erfusate from tion of sympathomimetic amines or temporary
prenaline had occlusion of blood flow to the paw. Occlusion of
aggesting that blood flow to the paw for up to 2 h immediately
ninase activity .prior to heating did not potentiate the develop-
mplement the ment of thermic oedema and similarly, Willms-
(1967) that Kretschmer & Majno (1969) found no oedema in

se activity in rat skin after 2 h of ischaemia.
I by phenoxy- It must be stressed that sympathomimetic

amines are only likely to exert a pro-inflammatory
effect in thermal injury over a limited temperature

?ry effect of range. Most models of experimental thermal injury
have employed temperatures of 52-600C applied
for up to 20 seconds. Under these conditions,

c amines to blood flow to the affected area is unlikely to be
t appear to be substantially increased during the short period of
system, since heating and hence, vasoconstrictor agents will have
bradykinin in little effect on the internal temperature attained.
tagonized the The results reported here can thus be reconciled
jected brady- with observations that adrenaline suppresses
al injection of increased vascular permeability in some forms of
ntagonize the thermal injury (Spector & Willoughby, 1960).
line. It seems Since the development of thermic oedema in
amines poten- rat paws, heated at 46.50C, is so susceptible to

I I
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changes in blood flow it would appear to be a poor
experimental model for assessing anti-
inflammatory activity. This view is supported by
Trottier & Malone (1971) who found the test to
be non-specific and none of the clinically effective
anti-inflammatory agents which they tested
significantly inhibited thermic oedema.
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