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DIFFUSE NOXIOUS INHIBITORY CONTROLS (DNIC). II. LACK OF
EFFECT ON NON-CONVERGENT NEURONES, SUPRASPINAL
INVOLVEMENT AND THEORETICAL IMPLICATIONS

DANIEL LE BARS *, ANTHONY H. DICKENSON ** and JEAN-MARIE BESSON

Unité de Recherches de Neurophysiologie "harmacologique de 'INSERM (U 161),
2, rue d'Alésia, 75014 Paris (Frunce)

(Accented February 23rd, 1979)

SUMMARY

(1) Diffuse noxious inhibitory controls (DNIC) were tested for their effect
on noxious only, non-noxious and proprioceptive cells in the dorsal horn of
the intact anaesthetized rat. Unlike convergent neurones, as described in the
previous paper, there was no effect of DNIC on these neurones. It is con-
cluded that convergent neurones are specifically inhibited by DNIC.

(2) The effect of DNIC could not be demonstrated for convergent neu-
rones in the spinal animal. Thus the neuronal substrate for DNIC must
involve supraspinal structures.

(3) Because of the level of firing in convergent neurones induced by hair
and touch receptors, presumably constantly and randomly activated in the
freely moving animal, a noxious message arriving at higher centres may be
partly masked by this background noise. On the basis of the known role of
convergent neurones in nociception, we propose the following mechanism
which may interpret this paradoxical convergence: two pools of convergent
neurones are influenced by a painful peripheral stimulation, one segmental
pool being activated whilst the remaining population of cells is inhibited;
the “contrast’’ between the messages from these two pools may well produce
a significant pain signalling output from the convergent dorsal horn cells.

(4) These results and their theoretical implications are discussed wich
regard to the concept of the ‘““analgesic system”, certain clinical observations
and the paradoxical pain relieving effects of counterirritation and some
forms of acupuncture.

* Chercheur INSERM.
*%* MRC-INSERM -exchange fellow. Present address: National Institute of Medical
Research, Mill Hill, London NW7 1AA, Great Britain.
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INTRODUCTION

On the basis of the diffuse noxious inhibitory controls (DNIC) on conver-
gent neurones we have. described - in the previous: paper. [41], ‘we have
extended the study to' include the poss1b1e effects'of DNIC on other. dorsal
horn neurones such as’ the noxious only, non-noxious and proprioceptive
cells. The involvement of supraspinal structures in the effect of DNIC has
also been investigated by an equlvalent study of the convergent neurones in
the spinal animal.

Owing to the differential effects of DNIC on dorsal hom neurones, we
will propose a mechanism which may provide the means whereby convergent
neurones might transmit roxious messages to higher central structures. The
results are also discussed with regard to the concept of the ‘‘analgesic
system” and certain paradoxical pain-relieving effects of noxious stimuli
including counterirritation, certain forms of acupuncture and some clinical
observations.

METHODS

The methods of preparation of the animals were identical to those previ-
osly described [41], except for the spinal animals where a transection of
the spinal cord at the cervical level was made. Anaesthesia was continued
throughout the experimental period in these animals so as to replicate the
conditions used for the intact animals.

RESULTS
(I) Non-convergent neuranes in the intact animal

(1) General findings

In addition to the 68 convergent units described in the previous article
[41], a further 86 non-convergent neurones were studied in the same ani-
mals. These neurones were classified according to Menétrey ‘et al. [55] in the
rat as noxious only units (n=13), cells activated by only non-noxious
stirauli (n = 55) and proprioceptive cells (n = 18). Fig. 1 shows the histologi-
cal localization of these neurones. In these 86 neurones only three were
found to be under diffuse noxious inhibitory controls (DNIC), in direct
contrast to the 67/68 convergent neurones under the influence of DNIC. The
effect of DNIC was vested against the responses of these non-convergent
neurones to both transcutaneous electrical stimulation and to natural
peripheral stimuli. The results obtained will be discussed below for each class
of nieurone.

(2} Noxious only units :
- 'Thirteen of these neurones were fully tested and only one was found to be
undcler the influence of DNIC, These cells were l,ocatedmthe margmgl layer
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Fig. 1. Histological localization of the non-convergent neurones successfully marked by
pontamine blue. A: noxious only units (n = 8), the star marks the neurone under DNIC.
B: non-noxious units (n = 36). C: proprioceptive units (n = 11).

of the dorsal horn (lamina 1). The peripheral receptive fields were smaller
(0.06 £ 0.01 cm?) than those of the convergent neurones (0.57 + 0.12 cm?).
The neurones could only be activated by strong pinch and noxious heat and
received a clear C fibre input with a weak (11/13) or no A fibre input. How-
ever with respect to this latter property, the cells could never be activated by
innocuous stimuli such as touch, air jet, stroking, pressure or hair move-
ments.

The one neurone under inhibitory control had the C fibre response
inhibited by pinch applied to the tail and ear in a fashion similar to that seen
for the convergent neurones. However, histological controls (Fig. 1) revealed
that this neurone was located deeper than the other neurones of this class.
The other 12 noxious only cells were not inhibited even with extremely
powerful peripheral stimulation sufficient to produce a 100% inhibition of
the convergent neurones. ‘

(a¢) DNIC versus C fibre responses (Fig. 2). C fibre responses of these
noxious only units were easily obtained by transcutaneous electrical stimula-
tion of the peripheral excitatory receptive field (threshold 1.63 = 0.23 mA
with a 2 msec duration pulse). The response was generally manifested by
1—5 bands, each containing a few spikes at a latency of between 150 and
300 msec.

All 12 neurones were completely unaffected by noxious pinch applied to
'the tail (n=12), the contralateral hind paw (n=9), the muzzle (n = 3) or
‘the ears (n = 4). During these periods of noxious mechanical stimulation, the
C fibre response was unchanged both in terms of the number of spikes
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Fig. 2. A series of poststimulus histograms showing the lack of DNIC on a2 noxious only

marginal layer unit, The A and C fibre responses are unaltered by noxious pinch or intra-
peritoneal bradykinin. TB = time base; t = number pf trials; N = number of spikes.

evoked and the latency of the response. In.the case of the convergent neu-
rones, these stimuli would produce inhibitions of between 60—100% of the
supramaximal C fibre response. The 12 noxious only units were unaffected
by DNIC even at threshold C fibre stimulation currents. :
Intraperitoneal bradykinin and noxious heating of the tail were also w1th-
out effect on the C fibre resporises of the 6 cells tested. Electrical stimula-
tion of the -tail whlch inhibits convergent. neurcnes at a mean thz:eshold
voltage of 2.9 mA was cormpletely without. effect on the C ﬁbre response of
these noxious units even at currents of up to 14 mA. : :
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(b) DNIC versus natural cutaneous stimulation (Fig. 3). None of the 12
lamina 1 noxious only units exhibited any spontaneous activity. Due to the
tendency of these neurones to depolarize following prolonged cutaneous
activation, the effect of DNIC on the activity produced by tonic pinch was
difficult to test. All neurones showed responses to noxious radiant heat
although only three produced a stabie level of activity to a temperature step
without the problems of depolarization. DNIC was tested against the activity
induced by noxious heat steps for these 3 cells. Again, as for the C fibre
response, the activity produced by noxious heat in these cells was unchanged
following pinch or noxious heat applied to the tail or pinch of the contra-
lateral hind paw. Thus these noxious only neurones are not under the
influence of DNIC.

(c) Ipsilateral inhibitory fields. 3/13 units were found to possess strictly
ipsilateral inhibitory fields located »n the paw or thigh and which could be
activated by tactile stimulation.

(3) Innocuous units

Fifty-five single units were recorded which responded only to innocuous
peripheral stimuli such as hair movement, stroking, light pressure and touch.
Generally these neurones were located (Fig. 1) intermediate in the dorsal
horn between the noxious only and the convergent units. For these
innocuous units, the peripheral receptive fields ranged from small point-like
to large, in some cases including the whole paw. Transcutaneous electrical
stimulation produced an Aa fibre response of short !atency and no C fibre
response was seen. Two units were found vo be possibly under DNIC, whilst
the remaining 53 were not influenced at all by peripheral noxious stimula-
tion. The results will be discussed below in terms of the peripheral activating
stimulus.

(a) DNIC versus Aa fibre responses. Aa fibre responses with a latency
of 5—7 msec were seen in all 55 cells. The A« fibre responses were tested
at threshold current (0.56 + 0.14 mA for a 0.2 msec duration pulse),
knowing that the Aa fibre response of the convergent neurones was
influenced to a greater extent at this level than at supramaximal stimulation
[41].

Thus the effect of DNIC was searched for under the most favourable
conditions. Notwithstanding this threshold response, at currents producing
one or two A« spikes per stimulation, only two cells were inhibited by
noxious pinch applied in these cases to the muzzle and tail. In these two
cases, the effect we observed was weak and not easily reproducible. The
remaining 53 neurones were unaffected, the response being unchanged both
in terms of number of spikes and latency. Noxious pinches applied to the tail
(n = 48), forepaws (n = 8), contralateral hind paw (n = 48), ears (n = 28) and
muzzle (n = 15) were all completely ineffective in altering the Ao fibre
response. Innocuous - per1phera1 stimulation was equally ineffective except
when applied to the inhibitory ipsilateral fields of the 3 neurones found
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possessing these fields. In all cases tested bradykinin i.p. had no effect on the
A fibre response of these non-noxious units (n = 8).

(b) DNIC versus natural stimulation. A high level of activity was inducad
in the 10 neurones tested by stroking the receptive field or by gentle pres-
sure. Using- this activating stimulus, again no DNIC was found (Fig. 4B).
Pinching the tail and hind paw (n=10), ears (n = 6) and intraperitoneal
bradykinin (n = 3) did not alter the level of activity induced by natural
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Fig. 4. The 'ack of effect of DNIC on 3 types of activity of 3 gifferer.” non-noxious neu-
rones, A: spontaneous activity. Pinch applied to various parts of the tudy has no effect
on the spontancous activity. B: response to tactile stimulation. Light touch (represented
by the black circles) applied to the receptive field of z2n innocuous neurone produced a
phasic response which is unaffected by pm!-h applied to various arcas of the body or by
intraperitoneal bradykmm (Bk). C: response to ‘sustained pinch. The activity produced
by - sustained pinch applied -to. the receptive field is unaltered during plurisegmental
noxious pinch whereas pinch or teuch applied to the ipsilateral inhibitory receptive field
produces a reduction of activity.
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tactile stimulation. A 60—100% inhibition was found under the same condi-
tions for the convergent neurones.

In addition, four of these neurones could be tonically activated by
prolonged pinch by means of the application of an artery chp to the excit-
atory receptive field. All 4 cells tested in this manner were unaffected by
noxious pinch applied to various parts of the body (Fig. 4C).

(¢) DNIC versus spontaneous activity. The majority of non-noxious units
presenited no or a low level of spontaneous activity. However, 4 cells were
found to have a high order of such activity. Noxious pinch applied to the
tail, contralateral paw, ears and muzzle produced no alteration in the spon-
taneous rate (Fig. 4A).

(d) Ipsilateral inhibitory fields. Three cells were found to possess ipsilat-
eral inhibitory fields from which inhibitions of evoked activity could be
induced by light mechanical stimulation (see Fig. 4C).

(4) Proprioceptive neurones

Eighteen neurones, situated (Fig. 1) more ventrally in the dorsal horn than
the convergent neurones, were found to present a regular tonic discharge
related to the position of the articulation and to respond phasically to joint
movement and/or deep tissue pressure. These cells gave A fibre only
responses to electrical stimulation of the periphery and the effect of noxious
stimulation was tested either against this response or the activity produced
by joint movement. In none of these neurones was any influence of DNIC
found.

With A fibre . sponses, noxicus pinch applied to the tail (n = 7), contra-
lateral paw (n =6) or the muzzle (n = 2) had no inhibitory effect. Using
natural stimulation (Fig. 5), again pinching the tail (n = 15), contralateral
hind paw (n =11), ears (n = 4) or intraperitoneal bradykinin (n=3) were
without effect on these neurones. Thus as for the noxious only and innocu-
ous neurones, the proprioceptive units are not influenced by DNIC.

(II) Convergent neurones in the spinual animal

(1) Gereral findings

Eighteen convergent neurones were recorded in the dorsal horn of the
spinal animal. In all respects these neurones were equlvalent to those found
in the intact animal: the cells responded to noxious heat, strong pinch,
pressure and light touch and received A and C fibre inputs. The responses of
these neurones to peripheral stimulation were qualitatively identical to those
seen in the intact rat. In addition these neurones had a similar distribution
in the dorsal horn tc the convergent neurones recorded in the intact rat
(Fig. 6). However, whereas 98% oi the convergent neurones in the intact rat
were under the influence of DNIC, not one of these 18 units was inhibited
by noxious peripheral stimulation applied to those areas of the body tested
in the intact animal. The only inhibitory effects seen were those induced by
stimulation of the ipsilateral inhibitory receptive field, a phenomenon the
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Fig. 5. A continual record of the activity of a proprioceptive neurone related to the angle
of the paw joint (activation when moved to the right, inhibited to the left). Noxious
pinch and intraperitoneal bradykinin have no effect on this activity.

existence of which is more frequently observed in the spinal rat. Convergent
neurones (61%, 11/18) in the spinal animal had this ipsilateral field com-
pared with 11% in the intact animal [41].

Thus DNIC is removed by a spinal section.

(2) Response to transcutaneous electrical stimulation

All neurones showed A and C fibre responses qualitatively identical to
those seen in the intact animal. The noxious stimuli effective in the intact
rat in inhibiting the A and C fibre responses had no effect in the spinal ani-
mal.

(a) Noxious pinch versus C fibre response. Noxious pinch applied to the
tail had no effect on the 18 cells tested even at threshold C fibre stimulation.
Noxious mechanical stimulation of the contralateral hind paw (n=16)
similarly was without effect.

In two cases mechanical stimulation of the base of the tail was found to
produce a reduction of the C fibre response. Further investigation revealed



Fig. 6. Histological localization of 17 of the convergent neurones recorded in the spinal
rat. The recording sites were marked with pontamine blue and are illustrated on a trans-
verse section of the lumbar cord.

that this effect could not be elicited from the medial areas or tip of the tail
usually efficient in the intact animal; in fact the effect was due to an ipsi-
lateral inhibitory field extending to include the base of the tail. Bearing this
out, the inhibition from this area could be activated by both light touch and
pinch unlike the specifically noxious DNIC.

(b) Noaxious heating of the tail versus C fibre response. Eleven convergent
neurones were tested in the spinal animal for the effect of noxious heat
applied to the tail as in the intact animal. In all these cells, the C fibre
response was completely unaltered during the application of hot water at
temperaturzs between 46 and 54°C, a stimulus that produced a mean 74%
inhibition in the intact animal.

(c) Bradykinin i.p. versus the C fibre response. In the 15 cells tested
bradykinin i.p. was without effect on the C fibre response in the spinal ani-
mal.

(d) Transcutaneous electrical stimulation of the tail versus C fibre response.
Ten cells were studied for the effect of transcutaneous electrical stimulation
of the tail (TEST) on the C fibre response, this stimulation having a threshold
for inhibition in the intact rat of 2.94 mA [41]. In the spinal animal, TEST
even with currenrits of up to 10.5 mA were completely inefficient in inhibit-
ing the C fibre r2sponse.

(e) Ac fibre response. There was no change in the Aa fibre response
induced by threshold stimulation during 1ntraper1tonea1 bmdykmm, noxious
pinch or electrical stimulation of the tail.

(3) Responses to natural stimulation
() DNIZ versus response to radiant heat (Fig. 7). Six neurones were
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found to give a stable response to radiant heat applied to the excitatory
receptive field and this stimulus was used to test the effect of DNIC in these
cases. Again no effect was seen — noxious pinch applied to the tail (n = 8),
hind paw (n = 4), bradykinin (n = 3) and noxious heat (n = 3) were all with-
out effect on the response to radiant heat.

(b) DNIC versus responses to tonic pinch. In the 5 neurones tested with
the activity produced by tonic pinch applied to the excitatory receptive

Noxious pinch 18.05s

He Noxious Heat{50%¢)
{tadl)

; T T Ty T T T T

Fig. 7. The lack of effect of pinch, noxious heat and bradykinin i.p. on the response to
radiant heat applied to the peripheral receptive field of a convergent neurone in the spmal
animal, The temperature steps are given below the ordinate. The trace is a continual
record. ‘ :
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field, noxious pinch of the tail and hind paw, intraperitoneal bradykinin and
noxious heat were all without effect on this high level of activity. One of the
cells described in Section 11.2.a was tested for the effect of tail pinch against
the response induced by sustained pinch. Again for the C fibre response the
same effects due to the ipsilateral inhibitory receptive field were found
(Fig. 8B).

(IV) Spontaneous activity

This activity without any stimulation of the receptive field was more
commonly encountered in the spinal animal than in the intact rat. Noxious
pinch applied to the tail (n = 5), contralateral hind paw (n = 3), bradykinin
(n=3) and noxious heat (n=2) were again completely ineffective (Fig.
8A).

DISCUSSION

In the preceding paper {41], we have described inhibitory controls emanat-
ing from the periphery which exert a powerful effect on convergent neu-
rones in the dorsal horn. Such an effect seems to need a certain level of noci-
ceptor recruitment to be efficacious, but when this level is reached by tem-
poral or spatial summation the effect is extremely powerful. This kind of
inhibition can be induced from widespread areas of the body and therefore
has been designated as diffuse noxious inhibitory controls (DNIC). DNIC is
only induced by noxious peripheral stimulation, innocuous stimulation being
without effect. Mechanical noxious, noxious heat and visceral noxious
stimuli produce the same degree of inhibition. The inhibitions act on all
activities of these convergent neurones and influence both the responses due
to high and low threshold afferents, the latter, to some extent, being less
influenced.

By contrast, we have shown in the present paper that non-convergent
units such as noxious only units, innocuous units and proprioceptive neu-
rones are not under the influence of DNIC, suggesting that this property is a
specific feature of dorsal horn convergent cells. The lack of effect of DNIC
on the various responses of marginal layer noxious only units was clear.
Pinch, noxious heating of the tail and intraperitoneal bradykinin were with-
out effect as was electrical stimulation of the tail even at currents many
times higher than those producing complete inhibition of the convergent
neurones. Similarly the innocuous units and proprioceptive neurones were
also not under the control of the system. This specificity of DNIC strongly
supports the involvement of neural mechanisms, thus ruling out a participa-
tion of non-specific phenomena such as vasomotor reactions.

The effect of DNIC on the convergent neurones could not be demon-
strated in the spinal animal even with extremely powerful noxious peripheral
stimulation. Therefore the mechanisms underlying DNIC are not confined to
the spinal cord and must ascend to and redescend from supraspinal levels,
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suggesting that a complex system is recruited when a painful stimulus is
applied. In this respect, i% is important to note that such a system is com-
pletely different from segmental inhibitory systems which are operative in
both spinal and infact animals. For instance in our experiments, ipsilateral
segmental inhibitory fields were found as expected in both intact and spinal
animals. Furthermore these kinds of inhibition can be induced by large
myelinated fibres [see refs. in 6,12,53,57,67,70]. In addition, our results
are also different from heterosegmental and heterosensory inhibitory effects
described in the chloralose anaesthetized cat which affected all dorsal horn
units tested [9].

In our experiments, excitatory dorsal horn responses racorded during the
stimulation of their receptive field were used as a non-conditioned or a
conditioned response for conditioning heavy painful stimuli applied to other
parts of the body. Since both noxious and non-noxious stimuli were used as
conditioned tests, our results give rise to two situations that one can envisage
in the dorsal horn of the intact animal. Firstly, in a situation where two
noxious stimuli are applied with the one applied to the excitatory field of
the neurone being wezker, an almost total blockade of this neuronal
response will result. In other words, when two simultaneous noxious stimuli
are applied on two distant parts of the body, the pool of convergent dorsal
horn units related to the slighter stimuli is inhibited. In the second situation,
in the absence of a noxious input to a pool of convergent neurones, the
spontaneous activity and the responses to tactile stimulation in this pocl are
inhibited by a noxious stimulus applied to another area of the body. Hence, a
noxious stimulus can excite the corresponding segmental pool of neurones
whilst inhibiting the activity related to non-noxious stimulation of the other
dorsal horn convergent neurones.

These results and their possible im~lications provide a basis to discuss
several important questions regarding certain concepts in pain and analgesia.
These include the role of convergent neurones in pain, and a mechanism
which possibly explains certain types of analge:ia induced by peripheral
stimuli such as counterirritation, electroacupuncture or some clinical obser-
vations. Furthermore, these results and their theoretical irnplications give rise
to some questions about the concept of “intrinsic analgesia systems’ [45,
48] modulating pain transmission; an alternative hypothesis being that such
systems may in reality be part of the pain sensory system. This idea will be
discussed below.

DNIC and the signalling of pain by convergent neurones

On the basis of current knowledge, convergant neurones [37,66], those
responding both to high and low threshold afferents play a major role in the
transmission of painful messages: they are activated by a variety of painful
stimuli from cutaneous [30,54,65], muscular {25,38] and visceral [31,59,
62} origins; they are strongly excited by pain-producing substances [5,31]
and project in some ascending pathways such as the spinothalamic, spino-
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reticular and spinocervico-thalamic tracts {1,11,13,29,43,64,69]. Knowing
that pain of muscular and visceral origin can be particularly intense and is
probably the pain most frequently observed in clinical practice, the impor-
tance of convergent neurones in signalling pain is further emphasized since
such projections onto noxious only neurones located in the marginal layer of
the dorsal horn [17] have not yet been described. Furthermore, it has been
demonstrated that on the basis of studies on convergent cells in the monkey
compared with psychophysical measurements in man, that activation of con-
vergent units is sufficient to produce pain [49,60].

However, despite the above evidence, the response characteristics of con-
vergent neurones present some paradoxical points. One is that these neu-
rones can present similar or greater levels of activity to innocuous peripheral
stimulation than for their response to noxious stimulation. For instance,
whereas convergent units respond in a graded fashion to radiant heat or
pressure-pinch application up to and above noxious levels, they are also often
strongly activated by light mechanical stimuli such as stroking or hair move-
ments. In these cases, rapid repetition of the light mechanical stimuli can
result in an equal or even a greater level of firing than, for example, that
produced by sustained noxious pinch. These observations are particularly
obvious in decerebrate or intact animals since, under these conditions, the
response of convergent neurones to A fibre low threshold inputs is favoured
as the high threshold responses are under a more pronounced tonic descend-
ing inhibition emanating from the brain stem [7,10,33]. Consequently, in
the intact animal, a high level of impulses could reach supraspinal structures
via convergent uniis when repetitive innocuous peripheral stimulations are
applied. On the basis of these conflicting observations, it has always been
difficult to imagine how the excitatory responses of dorsal horn convergent
neurones can be involved in a specific pain signalling message which reaches
the brain. We propose an interpretation of the results presented in this and
the previous report which could explain the involvement of convergent units
in the transmission of nociceptive messages.

When an intense nociceptive stimulus is applied to the periphery, there
will be a segmental pool of convergent neurones excited by their thin affer-
ent inputs surrounded by a larger pool composed of the other convergent
neurones which have their activity inhibited simultaneously by the stimul"is.
In the absence of a painful stimulation these two pools of convergent neu-
rones would transmit information received from a variety of non-noxious
receptors, thus providing information comprised of a basic noise trans-
mitted to higher levels of the central nervous system. We envisage that in the
freely moving animal, the activity of the whole population of convergent
units would be of relatively high order due to the continual at random
activation of non-noxious receptors, such as the hair and touch receptors.
This basic “somatosensory noise”, transmitted to higher centres, would not
allow the extraction of a meaningful signal. During an intense nociceptive
stimulus, both the noxious only and convergent units send a positive signal
towards the higher centres. Concurrently this signal will activate the DNIC
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which descends to inhibit ail those spinal cnvergent neirones not activated
by the initial noxious stimulus. This resu'ts in a considerable reduction of
the “noise”, thus providing a high level of contrast between the positive
signal and the signals emanating from the rest of the spinal convergent neu-
rones. In other words, the noise invading the higher centres of the brain is
reduced simultaneously with the arrival of the positive painful signal which
clearly stands out. This widespread inhibitory system could perhaps be the
mechanism behind the clear signal produced from convergent neurones. If
s0, the question of the specificity of pain sensation would be approached in
a new light since the system of contrast may provide a specific signal in a
non-specific system.

If the preceding hypothesis is assumed, one can imagine that such a
system is irvolved in situations where the sensation of pain is strorg but
poorly localized. On the other hand well localized pain, for instance, that
evoked by pin-prick may well be mediated by noxiocus only cells the activity
of which is not affected by DNIC as we have demonstrated. In a similar way
the signal transmitted by the non-noxious only neurones does not require
such a system and correspondingly we have found that these cells are not
influenced by DNIC.

DNIC and the inhibiting of pain by the ‘“‘intrinsic analgesic system”

The idea of an independent endogenous pain inhibitory system situated in
the mesencephalon and hrain stem and descending to inhibit the activity of
dorsal horn nociceptive neurones has been extensively reviewed recently
[23,45,48]. The final part of this system is believed to be a descending
partly serotonergic proiection from the caudal raphe [8,23,48].

On the basis of cur results presented here one could imagine that due to
the ascending/descending nature of the inhibitory loop originating from the
peripheral nociceptors, DNIC could in fact involve the endogenous pain
inhibitory system. DNIC inhibits the C fibre response of convergent neu-
rones and also to a lesser extent the A fibre response — similar effects to
those induced by stimulation of the nucleus raphe magnus [24,32,42,61]. At
present, there has been no systematic study of the effect of nucleus raphe
magnus stimulation on the responses to noxious only cells. However, in the
case of innocuous cutaneous and proprioceptive cells, neither raphe stimula-
tion [ 4,24,32] nor DNIC have an influence on these neurones.

The idea that the inhibitory loop involved in DNIC may be part of the
analgesic system, or at least the serotonergic part of this system, is strongly
supported by the fact that in recent experiments performed in animals
depleted of 5-HT, we found a strong reduction of this kind of inhibition.
Therefore DNIC seems to be to a great exient dependent on the integrity of
the descending serotonergic system. Thes: considerations do not question
the analgesic effects produced by central electrical stimulation but suggest
that surprisingly the “intrinsic analgesic system” may not be an independent
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entity but comprise part of the pain signalling system — “the contrast” we
have put forward in these papers.

If it is verified that DNIC and certain analgesic systems share some
common characteristics, the existence of the two pools of neurones we have
postulated may resolve certain problems implicit in the present ideas con-
cerning the physiological significance of the analgesic sysiems. For example,
the idea of a negative feedback loop [22] presents a logistic problem as in
this schema the spinal neurones excited by a noxious stimulation activate the
analgesic system which then, in turn, inhibits the same spinal neurones.
Whereas this hypothesis would seem to be compatible with the sensation of
acute sharp pain, the existence of chronic severe pain would be difficult to
explain due to a permanent inhibition of the neurones subserving the sensa-
tion. The schema we propose involving DNIC may resolve this problem on
the basis of a separation of the activating pool of neurones from the inhib-
ited pool. The mechanism which protects the excited pool of convergent
neurones from DNIC induced by their own activity still remains to be eluci-
dated. In any case, during the central electrical stimulation of the “intrinsic
analgesic system”, both pools of neurones will be inhibited, leading to a
widespread and powerful analgesia.

Obviously further experimental proof is required to verify these concepts
but several seemingly paradoxical analgesic effects found in man and animals
using stimuli sufficient to produce DNIC carn be explained by our results.
These are discussed below.

DNIC and the pain-relieving effect of counterirritation and acupuncture

One must again stress that our results are obviously independent of the
large fibre mediated analgesic effects, the analgesia produced only by seg-
mental stimulation, as the effects we have found arz produced by noxious
stimuli applied to plurisegmental areas and involved supraspinal structures.
Therefore the pain-relieving effects of transcutanecus nerve stimulation
(TNS) or certain forms of acupuncture involving segmental mechanisms are
certainly not subserved by DNIC.

However, DNIC may well form the neural basis of the pain-relieving
effects of counterirritation where a peripheral nociceptive stimulus is used
against pain originating elsewhere. This phenomenon has been known and
used since antiquity as illustrated by the use of the electric discharges of
torpedo as a pain-relieving method [39]. The existence of such pain-relieving
stimuli has been confirmed in man more recently using various counterirri-
tants such as heat, cold and electrical stimuli [28,34,58,68] which are pain-
ful or at least unpleasant. Furthermore painful cutaneous electrical stimula-
tion lowers the sensation of chronic somatic pain [51]. In a same way, it has
been demonstrated [2] in animal experiments that stimulaticn of the tooth
pulp which is obviously painful is able tc increase the threshold of escape
behaviour induced by foot shock (up to 700%). In the rat, hypertonic saline
injected intraperitoneally [35,40], sustained pinch applied to the paws and
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tail [18] and electrical stimulation of the tail at currents sufficient to pro-
duce vocalization [14] also induce strong analgesic effects when the test for
analgesia is applied to other areas of the body. Thus in the chronic animal
analgesia can be produced by peripheral stimuli similar to those we have
found effective in inhibiting the convergent neurones of the dorsal horn.
Analgesic effects with other peripheral stimuli have been described recently
[35].

Whether these effects of counterirritation are equivalenit to those pro-
duced by certain techniques of acupuncture is not clear hut it seems likely
that at least in some cases the two methods share commaon mechanisms. A
characteristic of classical Chinese pain-relieving acupunciure is a sensation
(Teh Ch’i) of paraesthesia associated with muscular coatraction emanating
from the point of stimulation; this sensaticn is described as being at least
unpleasant. A certain time, in which the stimulus intensity is progressively
increased, is required to reach this state. In this respect, Mann [47] has
concluded for effective analgesia in Western man, the painful sensation
resulting from the stimulation point should be the maximum that the patient
can support. These clinical observations are supported by the fact that there
seems to be an increased efficacy of electroacupuncture with parameters
producing a feeling of pain at the stimulation site than with less intense
stimulation [21]. These authors suggested that deep high threshold receptors
or nerve fibres were involved in the effects they observed. Their report only
used homosegmental stimulation but Andersson et al. [3] have concluded
that the therapeutic pain-relieving effects of electroacupuncture stimulation
cannot be explained by homosegmental mechanisms alone. In addition, the
question arises as to the specificity of acupunctural points. Lynn and Perl
{46] have presented evidence for a non-specificity of acupuncture on the
basis that acupuncture induces hypoalgesia in widespread areas of the body,
not only the classical target areas. Reciprocally, painful electrical stimuli
whether applied to near or far acupuncture or trigger points produce anaige-
sic effects [51]. Further supporting evidence is provided by Andersson et al.
[3] who have found that the analgesic effects of electroacupuncture using
large surface electrodes were greater than to those produced by needles.
Finally Levine et al. [14] and Melzack et al. [26,27,52] have also suggested
that acupunctural stimuli which produce painful effects at the site of stimu-
lation act in a similar way to the counterirritation principle. “Acupuncture
and transcutaneous electrical stimulation both fall in the category of ‘“hyper-
stimulation analgesia” and are simply methods of producing brief pain to
relieve chronic intense pain” [26].

Many of the effects described in this section are produced by peripheral
electrical stimulation applied at parameters similar to those we have fuund
effective in inhibiting convergent neurones, i.e. causing a sensation of pain at
the stimulation site. All produce analgesic effects on pain situated within
other segments of the body. We therefore propose that DNIC might be the
neuronai basis of these pain-relieving effects.

The assertion that, in some cases, the acupuncture technique may 1nvolve
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DNIC is strongly supported by provoking results obtained by Chinese
workers, although the question of the specificity of acupunctural points is
rarely investigated on the basis of the position of the points inducing the
effect. However, it has been reported that the analgesia produced is wide-
spread and bilateral but with a greater segmental effect [15]. This latter
point may relate to the involvement of the large fibre mediated segmental
effects in addition to a DNIC mediated widespread effect. A description of
the sensation of the acupunctural stimulation is also rarely given but it can
be interpreted that, in some cases, thin fibres are at the origin of the analge-
sic effects they observe. For instance, in man, a vascular occlusion (lasting 20
min) applied to the uppe: arm does not affect the anaigesic effect induced
by the needling of points located below the level of occ:usion [15]. Under
these conditions, it is well known that conduction is primarily reduced in
large myelinated fibres, slow conducting fibres being affected to a lesser
extent. Furthermore, with an almost identical occlusion in man, pain is the
only sensation remaining following peripheral stimulation of the occluded
area [34].

A series of experiments [16,20,63] using electroacupuncture versus
viscero-somatic reflex discharges strongly supports the idea of the ascending-
descending nature of mechanisms subserving this kind of analgesia: inhibi-
tions disappeared in spinal preparations, but remained after decerebration,
suggesting that the brain stem is a main link in these phenomena. More
precisely a lesion of the median region of the medulla including mainly the
nucleus raphe magnus produces a strong reduction of the inhibitory effects
which in addition, according to sectioning experiments, require the ventro-
lateral and the dorsolateral funiculus as respectively ascending and descend-
ing pathways. These results strongly suggest that both ascending pain path-
ways ar.. descending inhibit ~y pathways are involved. Finally the analogy
between some forms of electroacupuncture and DNIC is supported by the
fact that in the spinal trigeminal nucleus, convergent units are inhibited by
electroacupuncture whereas noxious only units are unaffected {19].

In conclusion, a number of pain-relieving stimuli share some common
characteristics: the painful or unpleasant nature of the stimulus; widespread
analgesic effects; associated long lasting post-effects; a requirement of
ascending-descending pathways with presumably the “analgesic system™ as a
lirk and final inhibitory effects upon convergent units. DNIC as we have
described seems to offer the neuronal basis of such phenomenon.

Further clinical evidence for the existence of a pain inhibiting system of
peripheral origin is the observation that organic pain raises pain thresholds
in other areas of the body [36,56] and that an anterolateral cordotomy
which relieved root pain in paraplegics produced a lowering of the pain
threshold in other body areas [36]. To explain these clinical effects, Melzack
[50,51] has suggested the existence of a ‘‘central biasing mechanism”
including a spinal-supraspinal loop whici: would be activated by small fibre
inputs from the periphery and would inhibit the sensation of pain from
other areas. DNIC may well fit at least some of the requirements of this
system.
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Thus, to conclude, we propose that DNIC may, on the one hand, explain
certain paradoxical pain-relieving effects and on the other, allow, by means
of a contrast system, a significant pain signalling message to emanate from
the convergent neurones of the dorsal horn. :

ACKNOWLEDGEMENTS

We thank Madame Anne-Marie Clot and Madame Denise Binder for their
technical assistance and Monsieur Hubert de Pommery for the photography.

We are grateful to Professor Y. Laporte and Doctor R.F. Hellon for their
suggestions in the preparation of the manuscript.

This work was supported by ’'Institut National de la Santé et de la Re-
cherche Médicale (INSERM).

REFERENCES

1 Albe-Fessard, D., Levante, A, and Lamour, Y., Origin of spinothalamic tract in mon-
keys, Brain Res., 65 (1974) 503—509.

2 Anderson, K.V., Pearl, G.S. and Honeycutt, C., Behavioural evidence showing the
predominance of diffuse pain stimuli over discrete stimuli in influencing perception,
d. Neurosci. Res., 2 (1976) 283—289.

3 Andersson, S.A,, Ericsson, T., Holmgren, E. and Lindgvist, G., Eleetro-acupuncture.
Effect on pain threshold measured with electrical stimulation of teeth, Brain Res., 63
(1973) 393—396. .

4 Belcher, G., Ryall, R.W. and Schafiner, R., The differential effects of 5-hydroxy-
tryptamine, noradrenaline and raphe stimulation on nociceptive and non-nociceptive
dorsal horn interneurones in the eat, Brain Res., 151 (1978) 307-321.

5 Besson, J.-M., Conseiller, C., Hamann, K.F. and Maillard, M.C., Modification of dorsal
horn cells activities in the spinal cord, after intra-arterial injection of bradykinin, J.
Physiol. (Lond.), 221 (1972) 189—205.

6 Besson, J -M. and Guilbaud, G., Modulation of the transmission of painful messages
at the spinal level. In: T. Desxra_;u (Ed.), Mechanisms in Transmission of Signals for
Conscious Behavior, Elsevier, Amsterdam, 1976, pp. ' 137—162.

7 Besgon, J.-M_, Guilbaud, G. and Le Bars, D., Descending inhibitory influences exerted
by the brain stem upon the activities of dorsal horn. lamina V cells induced by intra-
arterial injection of bradykinin into the limb, J. Physiol. (Lond.), 248 (1975) 725—
739,

8 Besson, J.-M., Le Bars, D. et Oliveras, J.L., I’ ana!gesne morphinique: données neuro-
b|0£og1ques Ann Anesth. fran¢., 19 (1978) 343—-369. ,

9 Besson, J.-M. and Rivot, J.P., Heterosegmental, heterosensory and cortical inhibitory
effects on dorsal interneurones in the cat’s spinal cord, Electroenceph. clin. Neuro-
physiol., 33 (1972) 195—206.

10 Brown, A.G., Effects of descending impulses on transmission through the spinocervi-
cal tract, J. Physiol. (Lond.), 219 (1971) 103—125.

11 Brown, A.G. and Franz, D.N., Responses of spinocervical tract neurones to natural
stimulation of identified cutaneous receptors, Exp. Brain Res., 7 (1969) 231--249.

12 Brown, A.G., Hamann, W.C. and Martin, III, H.F. , Descending and segmental control
of C flber mput to the spinal cord. In: J.J. Bomca (Ed ), Advances in Neurology, Vol.
4, Pain, Raven Press, New York, 1974, pp. 253—259.

13 Bryan R N., Coulter, J.D. and Willis, W.D.; Celis of .origin of ﬂhe spino- -cervical tract
in the monkey, Exp. Neurol., 42 (1974) 574~586


https://www.researchgate.net/publication/18750955_Origin_of_spino-thalamic_tract_in_monkeys?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18750955_Origin_of_spino-thalamic_tract_in_monkeys?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22463319_The_differential_effects_of_5-hydroxytryptamine_noradrenaline_and_raphe_stimulation_on_nociceptive_and_non-nociceptive_dorsal_horn_interneurones_in_the_cat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22463319_The_differential_effects_of_5-hydroxytryptamine_noradrenaline_and_raphe_stimulation_on_nociceptive_and_non-nociceptive_dorsal_horn_interneurones_in_the_cat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22463319_The_differential_effects_of_5-hydroxytryptamine_noradrenaline_and_raphe_stimulation_on_nociceptive_and_non-nociceptive_dorsal_horn_interneurones_in_the_cat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22144277_Behavioral_evidence_showing_the_predominance_of_diffuse_pain_stimuli_over_discrete_stimuli_in_influencing_perception?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22144277_Behavioral_evidence_showing_the_predominance_of_diffuse_pain_stimuli_over_discrete_stimuli_in_influencing_perception?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22144277_Behavioral_evidence_showing_the_predominance_of_diffuse_pain_stimuli_over_discrete_stimuli_in_influencing_perception?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18404827_Electro-acupuncture_Effect_on_pain_threshold_measured_with_electrical_stimulation_of_teeth?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18404827_Electro-acupuncture_Effect_on_pain_threshold_measured_with_electrical_stimulation_of_teeth?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18404827_Electro-acupuncture_Effect_on_pain_threshold_measured_with_electrical_stimulation_of_teeth?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18957979_Cells_of_origin_of_the_spinocervical_tract_in_monkey?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18957979_Cells_of_origin_of_the_spinocervical_tract_in_monkey?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/284090083_Descending_and_segmental_control_of_C_fiber_input_to_the_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/284090083_Descending_and_segmental_control_of_C_fiber_input_to_the_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/284090083_Descending_and_segmental_control_of_C_fiber_input_to_the_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22003489_Descending_inhibitory_influences_exerted_by_the_brain_stem_upon_the_activities_of_dorsal_horn_lamina_V_cells_induced_by_intra_arterial_injection_of_bradykinin_into_the_limbs?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22003489_Descending_inhibitory_influences_exerted_by_the_brain_stem_upon_the_activities_of_dorsal_horn_lamina_V_cells_induced_by_intra_arterial_injection_of_bradykinin_into_the_limbs?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22003489_Descending_inhibitory_influences_exerted_by_the_brain_stem_upon_the_activities_of_dorsal_horn_lamina_V_cells_induced_by_intra_arterial_injection_of_bradykinin_into_the_limbs?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22003489_Descending_inhibitory_influences_exerted_by_the_brain_stem_upon_the_activities_of_dorsal_horn_lamina_V_cells_induced_by_intra_arterial_injection_of_bradykinin_into_the_limbs?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

31

32

33

34

325

Buckett, W.R., Pharmacological studies on stimulation-produced analgesia. In: J.M.
van Ree and L. Terenius (Eds.), Characteristics and Function of Opioids, Develop-
ments in Neuroseience, Vol. 4, Elsevier/North-Holland, Amsterdam, 1978, pp. 161—

-182.

Chiang, C.Y., Chang, C.T., Chu, H.L. and Yang, L.F., Peripheral afferent pathway
for acupuncture analgesia, Scient. sin., 16 (1973) 210—217.

Chiang, C.Y., Liu, J.Y., Chu, T.H., Pai, Y.H. and Chang, 8.C., Studies on spinal
ascending pathway for effect of acupuncture analgesia in rabbits, Scient. sin., 18
(1975) 651—658. ' '

Christensen, B.N. and Perl, E.R., Spina’ neurons specifically excited by noxious or
thermal stimuli: marginal zone of the dorsal horn, J. Neurophysiol., 33 (1970) 293—
307.

Colpaert, F.C., Niemegeers, C.J.E. and Janssen, P.A.J., Nociceptive stimulation pre-
vents development of tolerance to narcotic analgesia, Europ. J. Pharmacol., 49
(1978) 335—336.

Department of Physiology, Kirin Medical College, Changchum, The inhibition effect
and the mode of acticn of electroacupuncture upon discharges from the pain-sensitive
cells in spinal trigeminal nucleus, Scient. sin., 20 (1977) 485—501.

Du, HJ. and Chao, Y.F., Localization of central structures involved in descending
inhibitory effect of acupuncture on viscero-somatic discharges, Scient. sin., 19 (1976)
137—148.

Eriksson, M. and Sjolund, B., Acupuncturelike electroanalgesia in TNS-resistant
chronic pain. In: Y. Zotterman (Ed.), Sensory Functions of the Skin in Primates,
Pergamon Press, Oxford, 1976, pp. 575—582.

Fields, H.I.. and Anderson, S.D., Evidence that raphe-spinal neurons mediate opiate
and midbrzin stimulation-produced analgesia, Pain, 5 (1878) 333—349.

Fields, H.L. and Basbaum, A.l., Brain stem control of spinai pain transmission neu-
rones, Ann. Rev. Physiol., 40 (1978) 217—248.

Fialds, H.L., Basbaum, A.L., Clanton, C.H. and Anderson, S.D., Nucleus raphe magnus
inhibition of spinal cord dorsal horn neurons, Brain Res., 126 (1977) 441453,
Foreman, R.D., Schmidt, R.F. and Willis, W.D., Convergence of muscle and cutaneous
input onto primate spinothalamic tract neurones, Brain Res., 124 (1977) 555—560.
Fox, E.J. and Melzack, R., Comparison of transcutaneous electrical stimulation and
acupuncture in the treatment of chronic pain. In: J.J. Bonica and D. Albe-Fessard
(Eds.), Advances in Pain Research and Therapy, Vol. 1, Raven Press, New York,
1976, pp. 797—801.

Fox, E.J. and Melzack, R., Tanscutaneous electrical stimulation and acupuncture:

-comparison of treatment for low-back pain, Pain, 2 (1976) 141—148,

Gammon, G.D. and Starr, 1., Studies on the relief of pain by counterirritation, d. clin.

Invest., 20 (1941) 13—20.

Giesler, G.J., Menétrey, D., Guilbaud, G. and Besson, J.-M., Lumbar cord neurons at
the origin of the spinothalamic tract in the rat, Brain Res., 118 (1976) 320—324.
Gregor, M. and Zimmermann, M., Characteristics of spinal neurones responding to
myelinated and unmyelinated fibres, 4. Physiol. (Lond.}, 221 (1972) 555—576.
Guilbaud, G., Benelli, G. and Besson, J.-M., Responses of thoracic dorsal horn inter-
neurons to cutaneous stimulation and to the administration of algegenic substances
into the mesenteric artery in the spinal cat, Brain Res., 124 (1977) 437—4438.
Guilbaud; G., Oliveras, J.L., Giesles, Jr., G. and Besson, J.-M., Effects induced by
stimulation of the central inferior nucleus of the raphe on dorsal horn interneurons in
cat’s spinal cord, Brain Res., 126 (1977) 355--360.

Handwerker, H.O., Iggo, A. and Zimmermana, M., Segmental and supraspinal actions
on dorsal horn neurons responding to noxious and non-noxious skin stimuli, Pain, 1
(1975)147—-165. o ,

Hardy, J.D., Wolff, H.G. and Goodell, H., Studies on pain. A new methad for mea-


https://www.researchgate.net/publication/22920221_Evidence_that_raphe_spinal_neurons_mediate_opiate_and_midbrain_stimulation_produced_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22920221_Evidence_that_raphe_spinal_neurons_mediate_opiate_and_midbrain_stimulation_produced_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22932167_Brainstem_Control_of_Spinal_Pain-Transmission_Neurons?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22932167_Brainstem_Control_of_Spinal_Pain-Transmission_Neurons?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22994491_Transcutaneous_electrical_stimulation_and_acupuncture_Comparison_of_treatment_of_low_back_pain?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22994491_Transcutaneous_electrical_stimulation_and_acupuncture_Comparison_of_treatment_of_low_back_pain?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22155271_Lumbar_cord_neurons_at_the_origin_of_the_spinothalamic_tract_in_the_rat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22155271_Lumbar_cord_neurons_at_the_origin_of_the_spinothalamic_tract_in_the_rat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/21881275_Localization_of_central_structures_involved_in_descending_inhibitory_effect_of_acupuncture_on_viscero-somatic_reflex_discharges?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/21881275_Localization_of_central_structures_involved_in_descending_inhibitory_effect_of_acupuncture_on_viscero-somatic_reflex_discharges?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/21881275_Localization_of_central_structures_involved_in_descending_inhibitory_effect_of_acupuncture_on_viscero-somatic_reflex_discharges?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22299340_Responses_of_thoracic_dorsal_horn_interneurons_to_cutaneous_stimulation_and_to_the_administration_of_algogenic_substances_into_the_mesenteric_artery_in_the_spinal_cat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22299340_Responses_of_thoracic_dorsal_horn_interneurons_to_cutaneous_stimulation_and_to_the_administration_of_algogenic_substances_into_the_mesenteric_artery_in_the_spinal_cat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22299340_Responses_of_thoracic_dorsal_horn_interneurons_to_cutaneous_stimulation_and_to_the_administration_of_algogenic_substances_into_the_mesenteric_artery_in_the_spinal_cat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22292666_Effects_induced_by_stimulation_of_the_centralis_inferior_nucleus_of_the_raphe_on_dorsal_horn_interneurons_in_cat's_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22292666_Effects_induced_by_stimulation_of_the_centralis_inferior_nucleus_of_the_raphe_on_dorsal_horn_interneurons_in_cat's_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22292666_Effects_induced_by_stimulation_of_the_centralis_inferior_nucleus_of_the_raphe_on_dorsal_horn_interneurons_in_cat's_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/17754344_Spinal_neurons_specifically_excited_by_noxious_or_thermal_stimuli_Marginal_zone_of_the_dorsal_horn?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/17754344_Spinal_neurons_specifically_excited_by_noxious_or_thermal_stimuli_Marginal_zone_of_the_dorsal_horn?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/17754344_Spinal_neurons_specifically_excited_by_noxious_or_thermal_stimuli_Marginal_zone_of_the_dorsal_horn?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/285789891_Comparison_of_transcutaneous_electrical_stimulation_and_acupuncture_in_the_treatment_of_chronic_pain?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/285789891_Comparison_of_transcutaneous_electrical_stimulation_and_acupuncture_in_the_treatment_of_chronic_pain?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/285789891_Comparison_of_transcutaneous_electrical_stimulation_and_acupuncture_in_the_treatment_of_chronic_pain?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/285789891_Comparison_of_transcutaneous_electrical_stimulation_and_acupuncture_in_the_treatment_of_chronic_pain?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/285908821_Spinal_ascending_pathway_for_the_effect_of_acupuncture_analgesia_in_rabbits?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/285908821_Spinal_ascending_pathway_for_the_effect_of_acupuncture_analgesia_in_rabbits?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/285908821_Spinal_ascending_pathway_for_the_effect_of_acupuncture_analgesia_in_rabbits?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4

326

suring pain threshold: observatxons on spatlal summation of pam, J. clin. Invest., 19

 (1940) 649—657.

35
36
37
38

Hayes, R.L., Bennett, G J., Newton, P.G. and Mayer, D. J., Behavxoral and physxologl-
cal studies of non-narcotic analgesia in ‘fhe rat ehcnted by certam envxronmental

._stimuli, Brain Res., 155 (1973) 69—90..

Hazouri, L.A. and Mueller, A.D,, Pain threshold studles on parapleglc patxents Arch
Neurol. Psychiat. (Chiz.), 64 (1950) 607—613.

Hillman, P. and Well, P.D., Inhibitory and excntatory facton mfluenenng the receptwe
fields of lamina V spinal cord cells, Exp. Brain Res., 9 (1969) 284—306. o

‘Hong, 8.K., Kniffki, K.D., Mense, S., Schmidt, RF and Wendish, M., Degcending

- influences on the r2sponses of spmocemcal tract neurones to chemical stimulation of

39
40

41

42

43

44

45

46
47
48
49

50

fine muscle afferents, J. Physiol. (Lond.), in press.
Kane, K. and Taub, A., A h:story o{ local electrlcal ana]gesla, Pain, 1 (1975) 125—
138. ,
Komisaruk, B.R. and Wallman, d., Antmoc:ceptwe effects of vagmal stlmulatmn in
rats: neurophysxologlcal and behavxoral studies, Brain Res., 137-(1977) 85—107."
Le Bars, D., Dickenson, A.H. and Besson, J.-M., Diffuse noxious inhibitory controls
{DNIC). L. Effects con dorsal horn convergent neurones in the rat, Pain, 6 (1979) 283—
304.
Le Bars, D., Menetrey, D. and Besson, J.-M., Effects of morphine upon the lamina V
type cells actlvmes in the dorsal horn of the decerebrate cat, Brain Res., 113 (1976)
293—310. :
Levante, A., Lamour, Y., Guxlbaud G. and Besson J. -M Spmothalam:c cells activity
in the monkey during mtense nociceptive stxmulatlon infra-arterial injection of
bradykinin into the limbs, Brain Res., 88 (1975) 5660—564. ' '
Levine, J.D., Gormley, J. and Fields, H.L., Observations on the analgesic effects of
needle puncture (acupuncture), Pain, 2 (1976) 149159, -
Liebeskind, J.C., Giesler, Jr., G. and Urca, G., Evidence pertaining to an endogenous
mechanism of pain inhibition in the central nervous system. In: Y. Zotterman {Ed.),
Sensory Functions of the Skin, Pergamon Press, Oxford, 1976, pp. 561573,
Lynn, B. and Perl, E.R., Failure of acupuncture to produce localized analgesia, Pain, 3
(1977) 339—352.
Mann, F., Acupuncture analgesia, report of 100 experiments, Brit. J. Anaesth., 46
(1974) 361—364.
Mayer, D.J. and Price. D.D., Central nervous system mechamsms of analgema, Pain, 2
(1976) 379404,
Mayer, D.J., Price, D.D. and Becker, D.P. Neurophysxologxcal charactensatlon of the
anterolater spmal cord neurons contnbutmg to pain perceptnon in man, Pam,
{1975} 5

R '

Melzae . Phantom limb pain: lmphcatlons for treztment of pathologlc pam

‘A esthesxologV, 35(1971) 409—419.

BY
52
53
54

565

‘rat, Exp. Brain’ ‘Res., 27 (1977)15-—33

56

Melzack, R., Prolonged relief of pain by brlef mtense transcutaneous somatlc stnmula-
tion, Pain, 1 (1375) 357--373.

Melzack, R Ssitlwell, D.M. and Fox, E.J., Trigger pomts and acupuncture pomts for
pain: correlatlons and implications, Pain, 3 (1977)3—24.

Melzack, R. and Wall P.D., Pain mechanism: a new theory, Scxence, 150 (1965)
971—-979.

Mendell, L.M., Physiologieal properties: of unmyelmated {ibers projectlons to the
spinal cord, Exp Wewurol., 16 (1966) 316—332. i

Menétrey, D Giesler, Jr G.J. and Besson, J.-M., An analysis of responses properties
of spinal ccrd dorsal hom neurones. to non-noxlous and nomous stlmull n the spmal

Merskey, H. and Evans P.R., Variation in pain’ complamt threshold in psychmtnc and
neurolog.cal ‘patients with pain, Pain,’1 (1975) 73—179. R e


https://www.researchgate.net/publication/22681212_Diffuse_noxious_inhibitory_controls_DNIC_I_Effects_on_dorsal_horn_convergent_neurones_in_the_rat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22681212_Diffuse_noxious_inhibitory_controls_DNIC_I_Effects_on_dorsal_horn_convergent_neurones_in_the_rat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22681212_Diffuse_noxious_inhibitory_controls_DNIC_I_Effects_on_dorsal_horn_convergent_neurones_in_the_rat?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22942120_Central_nervous_System_mechanisms_of_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22942120_Central_nervous_System_mechanisms_of_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22942120_Central_nervous_System_mechanisms_of_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22352319_A_history_of_local_electrical_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22352319_A_history_of_local_electrical_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22244667_Failure_of_acupuncture_to_produce_localized_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22244667_Failure_of_acupuncture_to_produce_localized_analgesia?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18695064_Acupuncture_analgesia_Report_of_100_experiments?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18695064_Acupuncture_analgesia_Report_of_100_experiments?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22016941_Spinothalamic_cell_activity_in_the_monkey_during_intense_nociceptive_stimulation_intra-arterial_injection_of_bradykinin_into_the_limbs?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22016941_Spinothalamic_cell_activity_in_the_monkey_during_intense_nociceptive_stimulation_intra-arterial_injection_of_bradykinin_into_the_limbs?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22016941_Spinothalamic_cell_activity_in_the_monkey_during_intense_nociceptive_stimulation_intra-arterial_injection_of_bradykinin_into_the_limbs?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/17257183_Physiological_properties_of_unmyelinated_fiber_projection_to_the_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/17257183_Physiological_properties_of_unmyelinated_fiber_projection_to_the_spinal_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4

57

58

59

60

61

62

63

64

65

66

67

68

69

327

'Nathan,‘ P.W., The gatecontrol theory of pain. A critical review. Brain, 99 (1976)

123—158.
Parsons, C.M. and Goetzl, F.R., Effect of induced pain on pain threshold, Proc. Soec.
exp. Biol. (N.Y.), 60 (1945) 327—329.

‘Pomeranz, B., Wall, P.D. and Weber, W.V., Cord cells responding to fine myelinated
_afferents from viscera, muscle and skin, J. Physiol. (Lond.), 199 (1968) 511—532.
Price, D.D. and Mayer, D.J., Neurophysiological characterization of the anterolateral

quadrant neurons subserving pain in M. mulattae, Pain, 1 (1975) 59—72.

Rivot, 4.P., Chaouch, A. and Besson, J.-M., Effects of naloxone on the inhibitory
actions induced by stimulation of the raphe magnus on responses of spinal cord
dorsal hom cells, Neurosci. Lett., Suppl. 1 (1978) S324.

Selzer, M. and Spencer, W.A., Convergence of visceral and cutaneous afferent path-
ways in the lumbar spinal cord, Brain Res., 14 (1969) 331—348.

Shen, E., Tsai, T.T. and Lan, C., Supraspinal participation in the inhibitory effect of
acupuncture on viscero-somatic reflex discharges, Chin. med. J., 1 (1975) 431—440.
Trevino, D.L., Coulter, J.D. and Willis, W.D,, Location of cells of origin of spino-
thalamie tract in lumbar enlargement of the monkey, J. Neurophysiol., 36 (1973)
750—761.

Wagman, I.H. and Price, D.D., Responses of dorsal horn cells of M. mulatta to cutane-
ous and sural nerve A- and C-fiber stimulation, J. Neurophysiol., 22 (1969) 803—817.
Wall, P.D., The laminar organization of dorsal horn cells and effects of descending
impulses, J. Physiol. (Lond.), 188 (1967) 403—423.

Wall, P.D., The gate control theory of pain mechanisms. A re-examination and re-
statement, Brain, 101 (1978) 1—18.

Wand-Tetley, J.I., Historical methods of counter-irritation, Ann. phys. Med., 3
(1956) 90—98.

Willis, W.D., Trevino, D.L., Coulter, 4.D. and Maunz, R.A., Responses of primate
spinothalamic tract neurons to natural stimulation of the hindlimb, J. Neurophysiol.,

" 38(1974) £58—372.

70

Zimmermann, M., Encoding in dorsal horn interneurons receiving noxious and non-
noxirus affarents, J. Physiol. (Paris), 73 (1977) 221--240.


https://www.researchgate.net/publication/17391023_Convergence_of_visceral_and_cutaneous_afferent_pathways_in_the_lumbar_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/17391023_Convergence_of_visceral_and_cutaneous_afferent_pathways_in_the_lumbar_cord?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22961171_Supraspinal_participation_in_the_inhibitory_effect_of_acupuncture_on_viscero_somatic_reflex_discharges?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22961171_Supraspinal_participation_in_the_inhibitory_effect_of_acupuncture_on_viscero_somatic_reflex_discharges?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22952376_The_gate-control_theory_of_pain_A_critical_review?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/22952376_The_gate-control_theory_of_pain_A_critical_review?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18969118_Location_of_cells_of_origin_of_spinothalamic_tract_in_lumbar_enlargement_of_the_monkey?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18969118_Location_of_cells_of_origin_of_spinothalamic_tract_in_lumbar_enlargement_of_the_monkey?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18969118_Location_of_cells_of_origin_of_spinothalamic_tract_in_lumbar_enlargement_of_the_monkey?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18959354_Responses_of_primate_spinothalamic_tract_neurons_to_natural_stimulation_of_hindlimb?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18959354_Responses_of_primate_spinothalamic_tract_neurons_to_natural_stimulation_of_hindlimb?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/18959354_Responses_of_primate_spinothalamic_tract_neurons_to_natural_stimulation_of_hindlimb?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/284654372_The_gate_theory_of_pain_re-examination_and_restatement?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/284654372_The_gate_theory_of_pain_re-examination_and_restatement?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/47595064_Effect_of_Induced_Pain_on_Pain_Threshold?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4
https://www.researchgate.net/publication/47595064_Effect_of_Induced_Pain_on_Pain_Threshold?el=1_x_8&enrichId=rgreq-aaea1c6dd7103c252add9a9c10e506bb-XXX&enrichSource=Y292ZXJQYWdlOzIyNjgxMjEzO0FTOjEzMTIyNzM0NDQ0NTQ0MEAxNDA4Mjk4NDQ1NjU4

