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Fig. 6-Response of a nociceptive A·fiber (AMH) to repeated presentations of a S3°C, 
3-second stimulus. The response increased with repeated exposures to the stimulus. 
This sensitization was typical of the AMH's. (a) Reproduction of neural spike data. Each 
horizontal line corresponds to one trial and trials are arranged in sequence from bottom 
to top. (b) Sensitization curve. Total responses for each trial are plotted as a function of 
trial number. The skin temperature between trials was maintained at 38°C. Stimuli were 
repeated every 28 seconds. (From Ref. 8.) 
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Fig. 7-Thermal thresholds for the AMH's before and after 
sensitization. The heat thresholds of all AMH'S decreased 
after exposure to intense heat stimuli. The data labeled 
>53°C correspond to fibers that did not respond to the 
maximum stimulus in the threshold series. (From Ref. 8.) 

cantly, and the response to the more intense stimuli 
increased. In addition, some of the AMH'S developed 
spontaneous activity_These signs of sensitization ob
served in the AMH'S are consistent with the signs of 
hyperalgesia described earlier for the human sub
jects. Thus, AMH'S appear to code for hyperalgesia in 
man. 

The average responses of human subjects, AMH'S, 
and CMH'S during the 53°C, 30-second burn are 
shown in Fig. 9. For the human subjects, the pain re
mained intense throughout the burn at a level about 
10 times that for the 49°C stimulus before the burn. 
The response of the AMH'S increased during the first 
5 seconds and remained at a high level for the re
mainder of the stimulus. The CMH'S had a significant 
initial response that diminished to a relatively low 
level within 5 seconds. Thus, the AMH'S appear to 
code for the pain during a prolonged, intense 
stimulus as well as for hyperalgesia. 

As an additional test of the role of AMH'S and 
CMH'S in pain sensation, a separate experiment was 
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Fig. a-Mean response of AMH's before and after a S3°C, 
30-second burn to the glabrous hand. The response of the 
AMH'S increased significantly 10 minutes after the burn and 
thus matched the increased pain ratings of human subjects 
after the burn (see Fig. 6). The AMH'S, therefore, appear to 
signal the increased pain sensitivity (hyperalgesia) follow
ing an injury to glabrous skin. (From Ref. 7. Copyright 1981 
by the American Association for the Advancement of 
Science.) 

performed on two subjects. Twenty minutes after the 
53°C, 30-second burn, a blood pressure cuff was 
placed on the upper arm and inflated to a pressure of 
250 mmHg (33 kilopascals) - sufficient to stop 
blood flow in the arm. This resulted in a gradual 
block of action-potential conduction in the nerve 
fibers, with the A-fibers blocking before the C-fibers. 
After 40 minutes, light-touch and cold sensitivity and 
motor function were gone, indicating that conduc
tion in the A-fibers was at least partially blocked. At 
this time, a thermal test sequence at the site of the 
burn indicated that the hyperalgesia was markedly 
decreased; The pain evoked by a thermal test se
quence at nearby uninjured skin was not reduced. 
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Fig. 9-Response of (a) human subjects, (b) CMH's, and (c) 
AMH'S during the 53°C, 30-second burn. The pain remained 
intense throughout the burn for the human subjects. The 
response of the CMH'S decre'ased significantly during the 
first 5 seconds of the burn and remained at a relatively low 
level. In contrast, the response of the AMH'S increased dur
ing the first 5 seconds and remained at a relatively high 
level. The AMH'S, therefore, appear to signal for the pain 
during a prolonged, intense stimulus. (From Ref. 7. Copy
right 1981 by the American Association for the Advance
ment of Science.) 

These data support the view that hyperalgesia is 
signaled by A-fibers. In addition, because the pain in 
uninjured skin did not decrease, the data also sup
port the view that pain in uninjured skin is signaled 
by C-fibers. 

CONCLUSIONS AND FUTURE PLANS 
The evidence reported here, as well as other evi

dence, supports the following conclusions concerning 
the peripheral neural mechanisms for pain in the gla
brous hand. Pain sensation is signaled by activity in 
dedicated nerve fibers that have receptors specifically 
sensitive to noxious stimuli. C-fiber nociceptive af
ferents appear to code for the intensity of thermal 
pain near pain threshold (43 to 48 ° C) in the unin
jured hand; above 48 ° C, myelinated nociceptive af
ferents contribute to pain sensation. These A-fiber 
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nociceptive afferents appear to code for the pain dur
ing intense, prolonged stimuli (for example, 53°C, 30 
seconds) and also for the hyperalgesia after a burn to 
the glabrous hand. 

At the present time we do not know what causes 
the AMH'S to become sensitized after a burn. Current 
evidence suggests that a chemical substance (for ex
ample, bradykinin) is released at the site of the burn 
and produces hyperalgesia in human subjects. Future 
experiments will be directed toward understanding 
the biochemical processes underlying the hyperal
gesia in humans and sensitization of AMH'S. 

Although we believe we understand the neural 
mechanism underlying hyperalgesia for glabrous 
skin, preliminary experiments on hairy skin gave 
quite different results. After a 53°C, 30-second burn 
to the hairy skin of seven human subjects, the thresh
old for pain decreased but the responses to stimuli 
above 46°C did not significantly change. Although 
AMH'S innervating hairy skin became sensitized, the 
relative density of AMH receptors on hairy skin ap
pears to be substantially less than that on glabrous 
skin. Additionally, many CMH'S with . receptors on 
hairy skin showed signs of sensitization. The re
sponse properties of the A-fibers responsible for the 
first pain sensation on hairy skin have not been well 
documented. In future experiments we hope to deter
mine the relative roles of A- and C-fiber nociceptive 
afferents in pain sensations of hairy skin. 
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