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SUMMARY

1. In chloralose-anaesthetized cats, the influence of systemically or locally applied
acetylsalicylic acid (ASA) on the responses of thin-fibre muscle receptors to close-
arterial injections of bradykinin was studied.

2. Many of the slowly conducting (group III and IV) muscle afferents had a
background activity oflow frequency. This discharge was either unaffected or slightly
increased by the ASA doses used. In two units which had a very high discharge rate
ASA led to a marked decrease in background activity.

3. On local (I.A. or I.M.) injection of ASA, doses below 1 mg were sufficient for
reducing the bradykinin-induced activations of group III and IV muscle receptors.
The reduction lasted for about 15-30 min.

4. On systemic (i.v.) administration ofASA (50 mg/kg body weight) the reduction
in response magnitude to bradykinin became significant 8 min after injection of the
analgesic. The effect was maximal about 10 min later and lasted for more than 60 min.

5. Five receptors were found which gave a repeated response to 5-hydroxytryp-
tamine (5-HT) injected at 10 min intervals. The 5-HT-induced activations could not
be reduced by ASA (50 mg/kg i.v.).

6. Most of the receptors responding to bradykinin had a high threshold on
mechanical stimulation and thus were probably nociceptors. It is concluded that the
reduction of their bradykinin-induced activations reflects the suppression of
nociceptive information by an analgesic. Since the recordings were obtained from
primary afferent units the data constitute direct evidence for a peripheral action of
ASA.

INTRODUCTION

Previous publications of this laboratory have shown that the endogenous algesic
substance bradykinin is a powerful excitant for muscle receptors with group III and
IV afferent fibres (Franz & Mense, 1975; Mense, 1977) and that 5-hydroxytryptamine
(5-HT) and prostaglandin (PG) E2 enhance this action (Mense, 1981).

In the above studies many of the receptors appeared to be nociceptive since in
addition to responding to bradykinin they had a high threshold on mechanical
stimulation. The bradykinin-induced discharges of such receptors in skin and deep



tissues probably elicit the painful sensations that follow an intra-arterial administr-
ation of this substance in human beings (cf. Burch & DePasquale, 1962; Coffman,
1966).
The bradykinin-evoked pain in man and pseudaffective responses in animals (e.g.

vocalization, increase in blood pressure, writhing) can be reduced by acetylsalicylic
acid (ASA) (Emele & Shanaman, 1963; Collier, Hammond, Horwood-Barrett &
Schneider, 1964; Guzman, Braun, Lim, Potter & Rodgers, 1964; Coffman, 1966), an
action which has been shown to be peripheral, i.e. not mediated by the central nervous
system (Guzman et al. 1964; Lim, Guzman, Rodgers, Goto, Braun, Dickerson & Engle,
1964; Lim, Miller, Guzman, Rodgers, Rogers, Wang, Chao & Shih, 1967). Similar
results have been obtained with sodium salicylate (Taira, Nakayama & Hashimoto,
1968). Since ASA acts at the site of the peripheral nerve endings, and the group III
and IV receptors are the only afferent units in skeletal muscle which are substantially
activated by bradykinin (Mense, 1977), the analgesic should have an influence on the
chemically induced discharges of these receptors.

Until now, only a few investigations have been performed in which the effect of
a peripherally acting analgesic upon the discharges of presumable nociceptors was
studied in single fibre recordings. Uchida & Murao (1974 a, b) described a reduction
ofthe potassium- and bradykinin-induced excitation ofsympathetic cardiac afferents
by ASA. In an investigation on the sensitization of cutaneous nociceptors King,
Gallant, Myerson & Perl (1976) and Perl, Kumazawa, Lynn & Kenins (1976) studied
the effect ofindomethacin orASA on the responsiveness and heat sensitization ofthese
receptors. Kumazawa & Mizumura (1980) tested seven polymodal receptors of the
scrotal contents ofdogs with indomethacin and observed a significant decrease oftheir
bradykinin-induced activation.
The present study was undertaken to find out whether ASA in therapeutic doses

is effective in reducing the responses of group III and IV muscle receptors to
bradykinin, and to obtain some data on the time course of the effect after systemic
and local administration of the analgesic.
The results show that by a single injection of ASA the excitatory action of

bradykinin on thin-calibre muscle afferents can be significantly decreased for periods
of more than one hour. This effect might play a role in the therapy of painful tissue
lesions or inflammations, in the course of which considerable amounts of bradykinin
are released (Rocha e Silva & Rosenthal, 1961; Rocha e Silva, 1964; Brocklehurst,
1971). Preliminary communications on this subject have been published (Mense,
1976; Mense & Schmidt, 1977).

METHODS

Data were obtained from thirty cats weighing 2A4-4-2 kg. The animals were deeply anaesthetized
with chloralose alone (70 mg/kg i.P.) or with a combination of ketamine (Ketaneste) 15-20 mg/kg
I.M. followed by chloralose 10-30 mg/kg i.v. Additional doses of chloralose were given i.v. as
required in order to maintain a deep anaesthesia.

After induction of muscular relaxation with gallamine triethiodide (Flaxedile) the cats were
artificially ventilated and the end-tidal Pco, adjusted to 3-5-4 0 %. As Flaxedil was given in single
doses of 10-20 mg i.v. the level of anaesthesia could be tested about every two hours after the effect
of the drug had worn off. Body core temperature and arterial blood pressure were continuously
measured and kept at physiological levels.
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The receptors studied were all situated in the gastrocnemius-soleus (g.s.) muscle; recordings of
fibre activity were made from dorsal rootlets or the peripheral muscle nerve. In the latter case the
left g.s. muscle with its nervous and vascular supplies was dissected free and a pool formed over
the dorsal aspects ofthe hind limb. A side branch ofthe sural artery was cannulated for close-arterial
injections of chemicals into the muscle. For dorsal root recordings, the lumbo-sacral spinal cord
was exposed by a laminectomy and, in addition to the hind limb pool, a second one was formed
covering the laminectomy wound. Both pools were filled with liquid paraffin at 37 'C.

Single fibre recordings were obtained by splitting dorsal rootlets or filaments of the muscle nerve
with watchmaker's forceps until only one or a few clearly distinguishable units were left. The
dissected strand of nerve fibres was placed over a hook electrode. As a searching stimulus electrical
stimulation of the g.s. nerve was used. Dorsal root fibres were classified as group IV if they
conducted at less than 2-5 m/s and as group III if their conduction velocity was 2-5-30 m/s. In
the case of recordings from the muscle nerve a group III or IV fibre was accepted as afferent if
it displayed resting activity and/or responded to natural stimulation of the g.s. muscle. Before
injecting bradykinin into the muscle most units were tested with local pressure to determine their
approximate mechanical threshold. According to an earlier publication (Franz & Mense, 1975) where
the methods used are described in more detail, units were labelled low-threshold pressure sensitive
(l.t.p.) if they responded already to light, innocuous pressure, and high-threshold pressure sensitive
(h.t.p.) if they required noxious pinching of the muscle to be excited.
The bradykinin solution used was prepared from bradykinin triacetate and contained 86-430 fig

of the peptide per millilitre Tyrode; the standard dose for intra-arterial injections was 26,g
bradykinin in 0 3 ml Tyrode. Only units that gave a reproducible response to repeated adminis-
trations of the substance were evaluated. ASA was dissolved in a small amount of N-NaOH, the
pH adjusted to 7-3-7*4, and the solution diluted with Tyrode to a final concentration of 10 mg
ASA/ml for i.v. application, 2-3 mg ASA/ml for I.A. injections and 1-5-3 mg ASA/ml for I.M.
injections. The I.M. injections were given into the mechanosensitive receptive field of the unit. The
needle was advanced until a short burst of neural activity occurred, then the muscle area close to
the needle tip was infiltrated with 0-1-0-2 ml ofASA solution. 5-HT (serotonin creatinine sulphate)
and methysergide (methysergide bimaleate) were dissolved in Tyrode solution; the doses refer to
the base only.

Since after i.v. injection of ASA the time course of the elimination of the drug was not known,
only one receptor per experiment was tested with systemic administration of the analgesic. Usually
the last nerve preparation of a given experiment was used for this purpose, the other ones were
evaluated for a sensitization study (Mense, 1981).
The impulse activity of the single- or few-fibre preparations was amplified and stored using

conventional electronic equipment. If more than one active unit was present in a given filament,
they were counted separately by means ofa window discriminator. A computer with 1024 addresses
constructed time histograms of the fibre activity using bin widths of 1-6 s.

RESULTS

ASA effect on background activity
Of the twenty-seven group IV and eleven group III units tested with injections

of ASA, twenty of the former and nine of the latter showed a background activity,
i.e. they generated action potentials in the absence of intentional stimulation. As
described earlier (Franz & Mense, 1975) the impulse pattern was irregular, sometimes
showing grouped impulses.

Since the background activity might represent discharges of nociceptors signalling
tissue damage due to prior stimulation and/or surgical exposure of the muscle, the
influence of ASA on this type of nervous activity was studied.
Of six single group IV receptors which were tested with local (I.M., I.A.) or systemic

(i.v.) injections of ASA, three were unaffected (cf. Fig. 1A), one exhibited a slight
increase in background discharge (Fig. 1 B), another one was transiently activated,
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and the sixth - which had a high discharge rate - depressed by injection of the
analgesic.

In addition, three few-fibre preparations, each containing three to five group IV
units, were tested with i.v. injections of ASA 50 mg/kg. Of these, two preparations
were unaffected, and the third showed a slight increase in impulse activity.
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~ig. 1. Effects of ASA on background activity. A, lack of effect on discharges of a group
IV receptor, h.t.p., conduction velocity (c.v.) 0 94 m/s. Bin width of histogram: 3 s. B,
slight increase in background activity after several I.A. and I.M. injections of ASA. Group
IV receptor, h.t.p., c.v. 1(00 m/s. Bin width of histogram: 5 s. C, removal of unusually
high background discharge. Group III receptor, l.t.p., c.v. 24-50 m/s. About 80 min after
administration of ASA the receptor responded to forceful stretch of the g.s. muscle
(Stretch), to moderate local pressure applied to the receptive field (M.p.) and to I.A.
injection of 26 ,ug of bradykinin. Bin width of histogram: 3 s.

Group III receptors usually had a background discharge of very low frequency (a
few impulses per minute). However, one unit showed an exceptionally high level of
activity; about 7 min after injection of ASA (i.v.) the discharge decreased sharply
to the usual low frequency. This effect was not due to an unspecific deterioration of
the unit since its ending still reacted to mechanical and chemical stimulation (Fig.
1C).
Thus, with the exception of the two highly active units that showed a marked

depression after application of ASA, the effects of the analgesic on background
activity appeared to be negligibly small.
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Whether ASA changes the mechanical responsiveness of the receptors is not known
since no quantitative tests with mechanical stimuli were performed in this study.

Effects ofASA on the responses ofmuscle receptors to intra-arterial injection ofbradykinin
Intra-arterial administration of ASA. In these experiments both bradykinin and

ASA were injected into the artery supplying the g.s. muscle. Injections were done
at an interval of 5 min; after the second or third response to bradykinin ASA was
given. Single doses of ASA in the milligram range were effective in reducing the
bradykinin-induced activation of group III and IV muscle receptors. In the case
shown in Fig. 2A, 1-5 mg ASA abolished the bradykinin effects almost completely,
but sometimes a reduced response was still visible, even after intra-arterial infusion
of high doses of ASA (Fig. 2B).
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Fig. 2. Reduction of the excitatory action of bradykinin by ASA. Both substances were
injected close-arterially. The arrow heads mark the time of injection of bradykinin 26 jug
(B) orofASA. A, group IV unit, h.t.p., c.v. 1-23 m/s. B. group III unit, h.t.p., c.v. 9-38 in/s.
During the period indicated by the black bar (4 min) an intra-arterial infusion of ASA
(3 mg/ml) was given at a rate of 5 ml/min. The histograms were constructed using a bin
width of 3 s.

The quantitative evaluation of the responses of four group IV units and one
group III unit shows that reductions of the bradykinin effects were already obtained
with ASA doses of 0-6 mg (Fig. 3). Three additional units were tested with 0-4-0-6 mg
ASA; in only one a dose of 0 45 mg ASA led to a decrease in the response to brady-
kinin. Thus, on intra-arterial application the minimal effective dose for ASA was
approximately 0-5 mg.

In units that showed a recovery in their responses to bradykinin during the
recording period, the duration of the ASA effect could be determined. From Fig. 3
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it can be seen that the bradykinin responses of some receptors increased again
13-33 min after administration of 06-P15 mg ASA.

Intravenous administration of ASA. The intra-arterial injection of ASA was
sometimes followed by an increase in discharge frequency of the group III and IV
muscle receptors (cf. Fig. 2A), possibly due to an irritant action of the ASA solution
on the receptive ending. Therefore, in later experiments the intravenous route of
administration was preferred. The dosage used (50 mg/kg body weight) was adopted
from the work of other authors who had shown that it was effective in reducing
bradykinin-induced pain in man and pseudaffective responses in animals (Guzman
et al. 1964; Coffman, 1966).
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ASA I.A. bradykinin
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Fig. 3. Quantitative evaluation of data as shown in Fig. 2. Ordinate: response magnitude
(impulses per injection) in percent of first response; existing background activity prior
to injection of bradykinin was extrapolated for the duration of the response and deducted.
Abscissa: number of injections given at intervals of 5 min. Two min after the second
injection of bradykinin ASA was applied. Filled symbols indicate group IV receptors, the
open triangle the group III unit of Fig. 2B. The unit marked with (*) is identical with
that shown in Fig. 2 A. Its first response to bradykinin is not shown; the interval between
the 8 and 9 injection was 7 min.

This dose of ASA led to a marked decrease of the bradykinin-evoked excitations
in most group III and IV muscle receptors. An example is shown in Fig. 4. Eighteen
minutes after injection of ASA the bradykinin response of the group IV unit was
totally abolished (Fig. 4A). In the course of the following two hours it recovered to
a certain extent but did not reach the initial magnitude (Fig. 4B and C). In Fig. 4C
an attempt is shown to restore the bradykinin sensitivity with an intra-arterial
injection of 5-HT. 5-HT indeed caused an increase in the response magnitude to
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bradykinin (cf. Mense, 1981), but this increase was only transient and about 25 min
later the bradykinin effect was reduced as before.
As can be seen from the quantitative evaluation in Fig. 5, the onset of the ASA

effect was rather rapid. Already 8 min after i.v. injection of the analgesic the
bradykinin responses were significantly reduced when compared to a control series
in which, instead of ASA, an identical volume of Tyrode solution was given
intravenously. The ASA effect was maximal 18 min after i.v. injection of the
analgesic; it clearly outlasted the observation period of 33 min after ASA
administration.
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Fig. 4. Reduction ofbradykinin-induced activations by ASA. Bradykinin was administered
intra-arterially, ASA intravenously. Group IV receptor not excited by the mechanical
stimuli used, c.v. 2-05 m/s. Arrow heads indicate injections of the following solutions:
Tyrode (Tyr) I.A. as a control, bradykinin 130 ,sg (B) I.A. as the test stimulus (the high
dosage was chosen because for this unit the standard dose of 26 jug was just above
threshold), ASA i.v. and 5-HT (S, serotonin) I.A. Bin width of histograms: 3 s. The
rectangular brackets above each histogram mark the time from the beginning of
panel A.
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Fig. 5. Quantitative evaluation of injection series as shown in Fig. 4A. Ordinate: mean
response magnitude (impulses per response minus background activity) in percent of first
response. Abscissa: number of injections given at intervals of 5 min. Two minutes after
the third injection of bradykinin (mostly 26 lag) ASA (50 mg/kg body weight) was
administered intravenously. In the control series instead of ASA an identical volume of
Tyrode solution was injected. The statistical significance of differences between the test
(0) and control (0) series was calculated using the U test of Wilcoxon, Mann and
Whitney. Asterisks indicate level of significance: *, P < 0-05; **, P < 0-01 (two-tailed).
The test sample consisted of six group IV and two group III, the control of four group
IV and three group III receptors.

Intramuscular injection of both bradykinin and ASA
Since bradykinin is a vasoactive substance the effects of ASA could be due to a

reduction of the vasodilative action of bradykinin (cf. Toda, 1977) and thus to an
altered accessibility of the muscle receptors via the blood stream. In order to exclude
this possibility attempts were made to reduplicate the ASA effect using the
intramuscular route of drug administration. Doses of 0-15-06 mg ASA injected into
the mechanosensitive receptive field proved to be effective in reducing the bradykinin-
induced excitations of the receptors.

Fig. 6 shows the response behaviour of a group III ending which reacted with a
short burst of impulses to the introduction of the needle into the receptive field; in
the case of bradykinin injections it was followed by a longlasting increase in impulse
activity (Fig. 6A). After intramuscular injection of 0-6 mg ASA the bradykinin
responses were completely abolished for about 70 min. The reactions to the pin pricks
were still present and served as an indication that the receptor was not damaged and
the needle had hit the receptive field.

Thus, it appears that vascular factors such as the vasodilatation or increased
permeability produced by bradykinin are not important for the ASA effects observed.
The interference of ASA with the bradykinin responses obviously takes place at or
near the receptive ending in the muscle tissue.
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Fig. 6. Reduction of bradykinin responses by ASA. Both substances were injected
intramuscularly. Group III receptor, h.t.p., cev. 6-67 rn/s. Arrow heads mark introduction
ofinjecting needle into the receptive field ofthe unit and injection ofTyrode solution (Tyr),
bradykinin 17-3 ,ug (B) or ASA. The injection volume was 0-2 ml. The rectangular brackets
above the right end of the histograms indicate the time from the beginning of panel A.
Bin width ofhistograms: 1 s. Note that repeated introduction of the needle into the muscle
caused short bursts of impulse activity which - in the case of the bradykinin injections
at the beginning of A and at the end of B - are followed by longer lasting activations.

Differential effect of ASA on bradykinin- and 5-HT-induced activations
In earlier reports from this laboratory evidence was obtained that bradykinin and

5-HT may excite muscular group IV endings via different receptor sites and/or
different mechanisms of action (Hiss & Mense, 1976). Therefore, the question arose
whether the activations induced by 5-HT could likewise be reduced by ASA.
The responses of group IV muscle receptors to repeated administrations of 5-HT

show a marked tachyphylaxis at short injection intervals of 1-3 min (cf. Hiss & Mense,
1976); therefore, attempts were made to obtain better reproducible effects at longer
intervals of 10 min. Two units were found which gave responses to repeated
intra-arterial injections of 5-HT under these conditions. The one shown in Fig. 7A
produced responses of a decreasing magnitude; the slope of the decrease appeared
not to be steeper after ASA. The apparent lack of a depressing action of ASA on the
5-HT-induced activations is clearer in Fig. 7B in which the reactions to 5-HT are
increased rather than decreased after administration of ASA. In this case the effects
of5-HT could be abolished by an injection of the serotonin antagonist methysergide
(Curran, Hinterberger & Lance, 1967).
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Both units of Fig. 7 gave no clear responses to l.A. injection of bradykinin. A search
was made for group IV and III receptors responding in a reproducible way to both
bradykinin and 5-HT in order to see whether a differential action ofASA on the effects
of the two substances could also be demonstrated in one and the same unit. In one
out of the three units found the excitatory effects of 5-HT were slightly enhanced
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Fig. 7. Lack ofeffect ofASA on 5-HT-induced activations. 5-HT (S, serotonin) and Tyrode
(Tyr) were injected intra-arterially, ASA and methysergide (Meth) intravenously. Above
the histograms the response magnitude (impulses per response minus background activity)
is plotted. A, group IV receptor, not excited by the mechanical stimuli used, c.v. 0 85 m/s.
Bin width of histogram: 4 s. B, group III receptor, mechanical sensitivity not tested, c.v.
2 50 m/s. Bin width of histogram: 6 s.

after ASA 50 mg/kg i.v. whereas those of bradykinin were reduced for a period of
about 100 min. Of the other two units tested with alternate injections of bradykinin
and 5-HT, one also showed slightly increased 5-HT effects after ASA, and in the other
one no influence of ASA on the chemically induced excitations could be detected.
Thus, offive units (three group III and two group IV) responding repeatedly to 5-HT,
none showed a reduction of the response magnitude after administration of ASA.
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DISCUSSION

The results show that the excitatory action of the algesic substance bradykinin on
group III and IV muscle receptors can be depressed by systemic administration of
ASA in doses as used in human medicine (Gilman, Goodman & Gilman, 1980). When
the analgesic was applied locally (I.A. or I.M.), small amounts in the milligram range
proved to be effective. As most of the receptors - in addition to responding to
bradykinin - had a high mechanical threshold, they probably were nociceptors
mediating painful sensations originating in the muscle tissue. The reduction of their
bradykinin-induced activation by ASA is considered to reflect the depression of
nociceptive information by an analgesic. Since the recordings were obtained from
primary afferent units the results constitute direct evidence for a peripheral site of
action of the analgesic ASA.
The time course of the ASA action on bradykinin-induced activations of muscle

receptors is similar to that of the pain reduction in human beings, in whom the
influence of ASA on painful sensations after intra-arterial (Coffman, 1966) or
intra-peritoneal (Lim et al. 1967) injection of bradykinin was tested. Pseudaffective
responses to bradykinin in animals were likewise abolished by ASA 50-100 mg/kg
i.v. for periods of about 30 min (Guzman et al. 1964). As to the mechanism of action
of ASA it is probable that the analgesic does not interfere with bradykinin directly
but acts on a secondary process which is started by the injection of the peptide.
More and more evidence has now accumulated that bradykinin releases PG

precursors (Damas & Deby, 1974), PGs themselves (McGiff, Terragno, Malik &
Lonigro, 1972; Terragno, Crowshaw, Terragno & McGiff, 1975) and thromboxane A2
(Rossoni, Omini, Vigano, Mandelli, Folco & Berti, 1980). At least some of the actions
of the peptide (e.g. those on smooth muscles) are mediated by PGs (Barabe, Park
& Regoli, 1975; Needleman, Key, Denny, Isakson & Marshall, 1975; Wong, Terragno,
Terragno & McGiff, 1977). A probable mechanism for the PG release by bradykinin
is the activation of phospholipase, an enzyme which starts the synthesis of PGs from
arachidonic acid (Damas & Deby, 1976; Juan, 1977).
The release of PGs could be of importance for the effects of bradykinin as an algesi-e

agent, since it has been shown that PGs enhance bradykinin-induced pain in humans
(Ferreira, 1972), pseudaffective responses in animals (Moncada, Ferreira & Vane,-
1975) and the reflexly produced fall in blood pressure in the isolated ear preparation
(Lembeck, Popper & Juan, 1976). At the level ofsingle receptors, our own experiments
have shown that PGs increase the excitatory action of bradykinin on thin-fibre muscle
receptors (Mense, 1981). This action can be interpreted as a sensitization, of
presumable nociceptors by PGs to bradykinin (Ferreira, 1972).

Reduction of the PG synthesis therefore could relieve bradykinin-induced pain by
removing the sensitization of nociceptors. Such a mechanism has been made likely
as the basis of the analgesic action ofASA and ASA-like drugs (Vane, 1971; Ferreira,
1972; Ferreira, Moncada & Vane, 1973; Moncada et al. 1975). The bulk of the existing
evidence indicates that only the synthesis of PGs but not the effects of preformed
PGs are blocked by anti-inflammatory drugs (cf. Collier & Schneider, 1972; Messina,
Weiner & Kaley, 1975). Yet there are also data which support the assumption that
ASA (and indomethacin) block the action ofPGs on their receptors (Lembeck & Juan,
1974; Tolman & Partridge, 1975).
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In the present study the background activity, which was present in most of the
units, was usually not influenced by ASA. This finding is consistent with that of King
et al. (1976) who did not observe an effect of indomethacin on the background
discharge of heat-sensitive units. As the ASA doses applied in this study were
probably sufficient to block the PG synthesis, this would mean that formation of PGs
is not an important factor for the production of background activity. The two units
whose resting discharge could be depressed by ASA had an exceptionally high
discharge frequency. It is possible that in these two cases the impulse activity indeed
signalled tissue damage with concomitant release of PGs. As has been shown in a
recent publication (Mense, 1981), PGs can sensitize muscular group IV endings, a
process which may lead to background activity.
ASA possesses many different actions in a living organism so that other mechanisms

are possible, too. Among these is an interference with the release of 5-HT. Similar
to PGs, 5-HT has been shown to enhance several effects of bradykinin such as vascular
pain in humans (Sicuteri, Fanciullacci, Franchi & Del Bianco, 1965; Sicuteri, 1968),
vasoconstriction (Starr & West, 1966) and activation of thin-fibre muscle receptors
(Mense, 1981). A decrease in the tissue level of 5-HT resulting in a reduced sensitivity
of the receptors could be brought about by ASA by inhibition of platelet aggregation
(Krane, 1972) possibly via blocking of the thromboxane synthesis (Whiting, Salata
& Bailey, 1980). As can be seen from the results obtained with injection of 5-HT,
the actions of preformed 5-HT on the receptors appear not to be influenced by ASA.
The finding that ASA reduces the effects of bradykinin but not those of 5-HT is

consistent with data on the bronchoconstrictive action ofthese endogenous substances
(Collier & Shorley, 1960); it supports the hypothesis that bradykinin and 5-HT excite
thin-fibre muscle receptors via different modes of action or receptor sites (Hiss &
Mense, 1976).
A further possible mechanism for the ASA effects observed has been described by

Hellekant & Gopal (1975). They assumed that the ASA-induced uncoupling of the
oxidative phosphorylation could reduce the metabolism and excitability of receptive
nerve endings. This can lead to a conduction block in mammalian nerve fibres at high
concentrations of ASA and ASA-like drugs (Schorderet & Straub, 1971; Riccioppo
Neto, 1980). For the experiments with systemic administrations of 50 mg ASA/kg
such a mechanism appears to be unlikely, yet after local injections (I.A., I.M.) higher
concentrations were probably reached at the receptor site. As the background
activity of the afferent units was usually not depressed by local administration of
the drug, a blocking action of the ASA doses used in the present experiments is
questionable.

Since bradykinin and 5-HT are vasoactive substances, and ASA (and indomethacin)
have been reported to interfere with this action (Starr & West, 1966; Messina et al.
1975; Toda, 1977) a possible interpretation of the results of this study would be that
ASA reduces the chemically induced changes in vascular tone which in turn excite
the muscle receptors. Besides the fact that other authors did not observe such an
action of ASA if given in doses as used in the present study (cf. Coffman, 1966), this
assumption appears to be unlikely as most of the receptors studied had a high
mechanical threshold and therefore were probably insensitive to changes in the
vascular tone: twenty units were h.t.p., eleven l.t.p., two did not react to the
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mechanical stimuli used and five were not tested for mechanical sensitivity (cf. Franz
& Mense, 1975).

Likewise, the removal of the bradykinin-induced vasodilatation by ASA resulting
in an impaired accessibility of the receptors via the blood vessels has to be considered
an improbable explanation for the ASA effects because of the results obtained with
intramuscular injections of both the analgesic and bradykinin.

Therefore, the most likely interpretation of the present data appears to be that
bradykinin activates thin-fibre receptors and simultaneously releases PGs which
sensitize the afferent units. ASA could block the bradykinin-activated synthesis of
PGs and thus remove the sensitization of the bradykinin-sensitive endings. Such an
action could account for the pain relief by ASA in inflammatory states which are
associated with release of bradykinin, or other disturbances (e.g. headache) in which
changes of the chemical composition of the tissue are considered to be of importance.
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to thank Professor R. F. Schmidt for helpful criticism of the manuscript. This work was
supported by the Deutsche Forschungsgemeinschaft.
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