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Sensitization of Cutaneous Nociceptors in Neuropathic Rats

Beom Shim, Ph.D., Young Seob Gwak, Ph.D., Duck Mi Yoon, M.D.*, Joong Woo Leem, Ph.D.
Taick Sang Nam, M.D., and Kwang Se Paik, M.D.

Departments of Physiology and *Anesthesiology, Yonsei University College of Medicine,
Seoul, Korea

Background: Peripheral nerve injury leads to neuropathic pain. Although it has been accepted that
both peripheral and central processes may play a role in the pathophysiology of these sensory
abnormalities, the involvement of peripheral mechanisms is often overlooked. The present study was
conducted using neuropathic rats to see if cutaneous nociceptors were sensitized and developed adrenergic
sensitivity after peripheral nerve injury.

Methods: Single fiber recording technique was used to record the neural activity of nociceptive fibers
in sural or plantar nerves of control rats and of rats that had previously received the L5-L6 spinal nerve
ligation (neuropathic rats). Mechanical and heat thresholds of the recorded fibers were determined using
von Frey filaments and thermal stimulators, respectively, which were applied to somatic receptive fields.
Responses to suprathreshold mechanical and heat stimuli were also studied. The adrenergic sensitivity
of nociceptive fibers was investigated by injecting intra-arterially the a;-adrenergic agonist, phenyl-
ephrine.

Results: Both mechanical and heat thresholds of nociceptive fibers in neuropathic rats were signifi-
cantly lowered than those in control rats. In responses to suprathreshold stimuli, neuropathic nociceptive
fibers had higher mechanical-suprathreshold responses than control nociceptive fibers, while their
heat-suprathreshold responses were not significantly different from those of control rats. About 10%
of sampled nociceptive fibers in neuropathic rats responded to phenylephrine.

Conclusions: The results suggest that nociceptors on the skin supplied by injured nerves are sensitized
to both mechanical and heat stimuli, and develop adrenergic sensitivity following peripheral nerve injury.
The sensitization and adrenergic sensitivity of cutaneous nociceptors may play a role, in part, in the
development of neuropathic pain.
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Table 1. Conduction Velocities of Nociceptive Fibers Sampled from Sural and Plantar Nerves in Neuropathic and Control

Rats
Conduction Neuropathy Control
velocity (m/s) C A C A
Range 0.095-1.920 2.45-18.277 0.271-1.035 2.267-19.922
Mean 0.658 + 0.0435 9.04 + 0.848 0.575 + 0.0191 9.002 + 2971
n 115 25 62 7

Fiber types were categorized on the basis of the conduction velocity (Ad-fiber: 2-20 m/s, C-fiber: < 2 m/s).

n: number of sampled afferent fibers.

Table 2. Mechanical and Heat Thresholds of Nociceptive Fibers in Control and Neuropathic Rats

Mechanical threshold (mN)

Heat threshold (°C)

Control Neuropathy Control Neuropathy
Total 41.502 + 2.226 12.954 + 0.690 46.235 + 0.291 41.619 + 0.327
(n = 69) (n = 140)* (n = 17) (n = 21)*
Ab 45.392 + 7.665 16.907 + 2.382
=7 (n = 25)* i i
C 41.063 + 2.338 12.095 + 0.640 46.235 + 0.291 41.619 + 0.327
(n = 62) (n = 115)* (n = 17) (n = 21)*

Values in the table are mean * SE.

*: P < 0.001 as compared with threshold values in control rats. n: the number of sampled nociceptive fibers. Both
the mean mechanical and heat thresholds of the A- and C-fibers were significantly reduced in neuropathic rats as

compared with those in control rats.
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Fig. 1. A. Recording from a fine filament of the rat sural

nerve. A single action potential recoded was
evoked by electrical stimulation (1-ms square
pulse, 10 mA) of the receptive field. Three con-
secutive tracings demonstrated the consistency of
time delay of evoked action potential from
stimulation time shown as the stimulus artifact.
Conduction velocity of this fiber was 0.65 m/sec.
B, C. A decrease in mechanical threshold of
nociceptive fiber in neuropathic rat. Each graph
representing a post-stimulus time histogram in-
dicates response of a mnociceptive fiber to the
mechanical stimulus applied to its receptive field
for 10 sec. A set of von Frey filaments having
bending forces ranging from 0.24 to 900 mN were
used. Each bar of histograms represents a rate of
action potentials evoked by von Frey stimulation.
Mechanical threshold of a nociceptive fiber from
the neuropathic rat was lower than that from the
control rat (12.26 vs. 35.31 mN).
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Fig. 2. A decrease in heat threshold of nociceptive fiber

in neuropathic rat. Each graph representing a
post-stimulus time histogram indicates response of
a nociceptive fiber to the heat stimulus applied to
its receptive field for 10 sec. Heat stimuli ranging
from 40°C to 50°C in 2°C incremental steps were
used. Each bar of histograms represents a rate of
action potentials evoked by heat stimulation. Heat
threshold of a nociceptive fiber from the neu-
ropathic rat (A) was lower than that from the
control rat (B) (42 vs. 46°C).
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A. Distribution of mechanical thresholds of nociceptive fibers sampled from control and neuropathic rats. Me-

chanical thresholds of nociceptive fibers in neuropathic rats ranged between 1.37 and 45.11 mN (filled bars),
whereas those in control rats were between 12.26 and 100.03 mN (open bars). Bars represent the numbers of
nociceptive fibers that had mechanical threshold values shown at the bottom. B. Distribution of heat thresholds
of nociceptive fibers sampled from control and neuropathic rats. Heat thresholds of nociceptive fiber in
neuropathic rats ranged between 40 and 44°C (filled bars) while those in control rats were between 44 and 48°C
(open bars). Bars represent the numbers of nociceptive fibers with threshold values shown at the bottom.
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Fig. 4. Summary data for mechanical and heat thresholds of nociceptive fibers in control and neuropathic rats. The mean
thresholds of the nerve-injured rats to both mechanical and heat stimuli were significantly reduced in neuropathic
rats as compared with those in control rats (P < 0.001). Mechanical thresholds, 41.50 + 2.23 mN vs. 12.96
+ 0.69 mN; heat thresholds, 46.2 + 0.29°C vs. 41.6 = 0.33°C (control vs. neuropathic rats).
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Table 3. Responses of Nociceptive Fibers in Neuropathic and Control Rats to Mechanical and Heat Suprathreshold Stimuli

Mechanical suprathreshold (Impulses/10 sec) Heat suprathreshold (Impulses/10 sec)
Control Neuropathy Control Neuropathy
Total 45.074 + 3.317 74.794 + 5.395 21.500 + 5.470 20.625 + 2.228
(= 27) (n = 34)" n = 6) M =8
Ab 54.444 + 7.798 101.000 + 6.544
(n =9 = 14)"
C 40.389 + 2.658 56.450 £ 4.735 21.500 + 5.470 20.625 + 2.228
(n = 18) (n = 20)* n = 6) (n =298

Values in the table are mean * SE.

* P < 0.05, ".P < 001 (compared with responses in control rats). n: the number of sampled nociceptive fibers.
Mean responses to suprathreshold mechanical stimuli of both A- and C-fibers were significantly greater in neuropathic
rats than in control rats. However, no significant difference was observed in mean responses to suprathreshold heat stimuli
of C-fiber between neuropathic and control rats.
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Fig. 5. Responses of nociceptive fiber in neuropathic and control rats to mechanical and heat suprathreshold stimuli.
A. Each graph representing a post-stimulus time histogram indicates response of a nociceptive fiber to the
mechanical suprathreshold stimulus (980 mN) applied to its receptive field for 10 sec. Response of a nociceptive
fiber from the neuropathic rat was increased than that from the control rat. B. Responses of a nociceptive fibers
in neuropathic and control rat to heat suprathreshold stimulus was not significantly different from each other.
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Summary data for responses of nociceptive fiber in neuropathic and control rats to mechanical and heat supra-

threshold stimuli. A. The mean response to suprathreshold mechanical stimulus (980 mN) was significantly

increased in neuropathic rats as compared with that in control rats (P < 0.01) (74.79 +

vs. 45.07 +

5.40 impulses/10 sec

3.32 impulses/10 sec, neuropathic vs. control rats). B. The mean responses to suprathreshold heat

stimulus (50°C) were not significantly different between neuropathic and control rats (P > 0.05) (20.63 + 2.23

impulses/10 sec vs. 21.5 +
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5.47 impulses/10 sec, neuropathic vs. control rats).
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Adrenergic sensitivity of nociceptive fibers in neuropathic rats. Twelve of 115 C-nociceptive fibers sampled from

neuropathic rats responded to q;-adrenergic agonist (phenylephrine). Of 12 phenylephrine-sensitive nociceptive
fibers, 7 fibers had no spontaneous activity (A) and the remainders were spontaneously active (B). Dots indicate

the time points of intra-arterial injection.
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