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Among methods of nonmedicinal treatment of pain syndromes acupuncture and electroacupunc- 
ture (EAP) have become widely used in recent years [9, i0]. The great practical importance 
of the problem of relief of pain has necessitated experimental and clinical studies of mecha- 
nisms of reflex analgesia on a comprehensive scale [4, 6, 9]. 

In the modern view nociceptive sensation is the integrated response of the CNS invaria- 
bly involving cortico-subcortical mechanisms of interaction [2, 7, 8]. Animal experiments 
have shown that the second somatosensory cortical area (SII) plays the leading role in eval- 
uation of the extremal significance of incoming information (including nociceptive) at the 
cortical level [3]. It has been suggested that a reduction in the intensity of pain sensa- 
tions associated with EAP may be largely due to a change in the character of cortico-subcor- 
tical interactions in the direction of strengthening of the mechanism of cortical inhibi- 
tion [5]. 

In the investigation described below changes in evoked potentials (EPs) to nociceptive 
and non-nociceptive stimulation were studied in SII during EAP. 

EXPERIMENTAL METHOD 

Acute experiments were carried out on 18 cats anesthetized by intraperitoneal injection 
of hexobarbital solution in a dose of 40 mg/kg, immobilized with suxamethonium and supported 
by artificial ventilation of the lungs, by means of a stereotaxic technique. Cortical EPs 
were recorded by monopolar silver electrodes 0.9 mm in diameter, and in the parafascicular 
complex of the thalamus (PFC) by steel electrodes with a tip 50-70 ~ in diameter, 5 h after 
injection of the anesthetic. 

Nociceptlve responses were evoked by single stimulation of the dental pulp (lower canine 
tooth) by square pulses (1-3 msec, not exceeding 20 mA). Non-nociceptive responses were ob- 
tained to stimulation of the lower lip through bipolar needle electrodes with a pulsed cur- 
rent (0.I msec, not exceeding 5 mA). 

EAP stimulation was given through three acupuncture needles, inserted into different 
points of the concha auriculae of the cat, to which a current was applied (1.2 msec, 3 Hz, 
not exceeding 14 mA, for 15-30 min). Low-frequency stimulation of SII (1-3 Hz) to modify its 
modulating effect was carried out through a bipolar electrode (interelectrode distance 1.5 
mm) with square pulses (0. i msec, not exceeding 500 ~A). 

EPs were assessed after accumulation and averaging over 16 presentations by specialized 
computer, followed by statistical analysis (M • m). The surface temperature of the cortex, 
arterial blood pressure, and ECG were recorded. At the end of the experiment the animal was 
given a lethal injection of hexobarbital and the brain was removed for histological verifica- 
tion of the location of the recording electrodes. 

Central Research Institute of Reflex Therapy, Moscow. (Presented by Academician of the 
Academy of Medical Sciences of the USSR, A. M. Chernukh.) Translated from Byulleten' Eksperi- 
mental'noi Biologii i Meditsiny, Vol. 93, No. 3, pp. 11-13, March, 1982. Original article 
submitted May 19, 1981. 

0007-4888/82/9303-0235507.50 �9 1982 Plenum Publishing Corporation 235 



175 

f50 

p~, f "u 'r ; 1o0 
! , 
~, 7S 

? vv ! ,o 
, j 
',; 2s  
F 

I ; i i , ~ I I I I I ~ I 

0 I0 20 30 ~0 EO 60 

Fig. l Fig. 2 

Fig. i. Effect of EAP and naloxone on changes in EP amplitude in SII to stimula- 
tion of dental pulp. I) Control EP; II) EP in SII after EAP; III) EP in SII after 
EAP and injection of naloxone. Calibration: time I00 msec, amplitude 50 ~V. 

Fig. 2. Changes in amplitude of EPs in SII to nociceptive (empty triangles) and 
non-nociceptive (empty circles) stimulation after EAP. Filled circles and trian- 
gles denote changes in amplitude of EP in control respectively. Top right) dia- 
gram showing location of recording electrodes in SII. Abscissa, time (in min); 
ordinate, EP (in %). 

EXPERIMENTAL RESULTS 

When EPs were recorded in cortical projection areas to stimulation of the pulp of the 
contralateral tooth, the focus of maximal activity of the potentials was located in the ros- 
tral part of the anterior ectosylvian gyrus, i.e., in area SII. The evoked response consist- 
ed of a well-marked primary positive wave followed by a negative wave (of low amplitude, ap- 
pearing irregularly). The mean amplitude of the EP was 150 ~V, the duration of the positive 
wave 40 msec, and its latent period 10.7 msec (Fig. I, I). When EPs were recorded in other 
cortical projection areas, the amplitude of the responses was much lower (not exceeding i00 
pV), the latent period of the primary response was longer (by 2-5 msec), and the appearance 
of the positive-negative waves was unstable. Responses to threshold stimulation of the lower 
lip were recorded at the same points as those to stimulation of the dental pulp. 

After auricular EAP a marked decrease was found in the amplitude of EPs to stimulation 
of the dental pulp -- by up to 40% of the control value -- followed by recovery 50-60 min later 
(Fig. 2, lower part). EAP had a directly opposite effect on the character of responses to 
non-nociceptive stimulation of the lower lip. In thls case the amplitude of EPs increased by 
75% above the control level. Facilitation of the responses continued for 15-20 min after the 
end of EAP (Fig. 2, top part). Particular attention is drawn to the fact that the periods of 
maximal depression and facilitation of the EPs practically coincided in time. This recipro- 
cal relationship between the responses of cortical neurons to the arrival of nociceptive and 
non-nociceptive impulses, which other workers also have observed [ii], is probably the result 
of the development of a new functional state in the CNS after EAP. As a result both selec- 
tive facilitation of the conduction of afferent impulses along low-threshold, fast-conducting 
systems and activation of the cortical neurons receiving efferent signals along specific sys- 
tems take place. The more prolonged depression of EPs to nociceptive stimulation than their 
facilitation to non-nociceptive stimulation can evidently be explained by activation of neu- 
rochemical mechanisms modulating the conduction of nociceptive impulses during EAP. 

To test this hypothesis, naloxone (5 mg/kg), an antagonist of opiates, including endo- 
genous opiates, was injected intravenously at a time when the amplitude of the nociceptive 
EPs was depressed. After injection of naloxone a more rapid recovery of the amplitude of EP 
to stimulation of the pulp of the canine tooth was observed practically up to the control 
level (Fig. i). 

Blocking the conduction of nociceptive afferent impulses during stimulation of the dental 
pulp was observed at the level of the primary sensory relays during direct cortical stimula- 
tion [I]. During stimulation of SII for 1 min the amplitude of nociceptive EPs in the para- 
fascicular complex of the thalamus was depressed for 1.5-3 min (Fig. 3). Incidentally, stimu- 
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Fig. 3. Changes in EPs in 
PFC during stimulation of 
dental pulp after electri- 
cal stimulation of SII. I) 
Control EP; II) EP after 
stimulation of SII; III) EP 
2 min after stimulation of 
SII. Calibration: time, 
I00 msec; amplitude, 25 ~JV. 

lation of other cortical areas (SI, motor area, parietal association region) caused a much 
weaker depressive effect. These observations confirmed the view that SII can exert a modu- 
lating influence on the conduction of afferent impulses along specific and nonspecific pro- 
jection systems [4], both during direct activation of this area and also during EAP [5]. 
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