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Activation of Lumbar Spinal Neurons by Forelimb Afferent Inputs in Cats

Ja Ran Ku, Ae Joo Lee, Hong Kee Shin and Kee Soon Kim

Department of Physiology, College of Medicine, Hanyang University, Seoul, Korea

Extracellular recordings were made from the spinal neurons in the lumbar enlargement of 16 cats
before and during electrical stimulation of the radial nerve ipsilaterally and contralaterally. Only
neurons activated by remote nerve stimulation (RNS) were included in sample. All the cell classes of
spinal neurons which received afferents message from the skin and/or muscles were activated by RNS
except LT cells. Approximately three quaters of cells activated by RNS had an inhibitory receptive field
(RF) on the ipsilateral hindlimb and two thirds of RNS-activated neurons showed spontaneous activity.
The most of these RNS-activated cells seemed to be in deep dorsal horn and in ventral horn as well.
Stimulation of contralateral radial nerve produced activation of spinal neurons almost same degree as
by ipsilateral nerve stimulation. The optimal stimulation parameters of radial nerve for activation of
spinal cells were 5Hz-0.5 msec-2V while threshold stimulus for activation was approximately 0.18 V.
Following close intra-arterial injection of K* ion excitability of RNS-activated neuron was increased in
4 of 8 cells whereas it was decreased in 2 of 8 cells.

The results indicate that there are some spinal neurons in the lumbar enlargement of cats that can
be activated by forelimb afferent (Af & A¢) inputs.
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STT A} 29] FH A o] 745 )= ALA (Chandler et
al, 1989) = ¥}3 3l ),

Nucleus raphe magnus (NRM)&} periaqueductal
gray (PAGYE 91418 M 7128l s] W7 AT o)
NE A4 3AALY DF S To) HE Bg
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Table 1. Types of cells which are activated by forelimb afferent nerve stimulation

Cell type

WDR HT Cutaneous IRF  Muscle IRF

Cut or Mus IRF Muscle ERF Others  Total

No. of Cell  6(1) 4(3) 14 6

6 3 3 42

WDR: wide dynamic range cell.
IRF: Inhibitory receptive field

HT: high threshold cell.
ERF: Excitatory receptive field.

Number in parentheses is number of cells which have inhibitory receptive field as well as cutaneous excitatory

receptive field.
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Examples of lumbar spinal neurons excited by forelimb afferent stimulation (FAS).

BR: Brush, PR: Pressure, PI: Pinch, IRFS: Inhibitory RF stimulation

A: Neuron with cutaneous inhibitory receptive field on the hindlimb was excited by the stimulation of radial
nerve, even when its spontaneous activities were inhibited by the stimulation of inhibitory recepitve field.

B: Neuron with inhibitory muscle input was also excited by radial nerve stimulation. It had spontaneous

activities.

C1: Excitation of wide dynamic range (WDR) cell with cutaneous and muscle receptive field by FAS.

C2:
hindlimb.

Responses of WDR cell to mechanical stimulation applied to excitatory cutaneous receptive field on

Di: Excitation of high threshold (HT) cell, which has both cutaneous excitatory and inhibitory receptive field,

by RNS.
D2:
receptive field.

FHlEof wAdle] FrtH Ao o] F AT HEE
10Hz7lA] Z7AAE 843 a5 €z 2r)4
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Fig. 2. Effects of stimulus frequency on the activation of lumbar spinal neuron by forelimb afferent stimulation (FAS).
A: A schematic drawing showing inhibitory receptive field on the hindlimb.
B: A graph showing degree of activation induced by changing stimulus frequencies from 1 to 10 Hz at fixed
stimulus strength (2 V) and duration (0.5 mséc).
C, D and E: Examples recorded from activated spinal neuron by FAS with frequencies of 1, 5 and 10 Hz at
fixed stimulus strength (2 V) and duration (0.5 msec).
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Fig. 3. Changes in the degree of activation of the lumbar spinal neuron by forelimb afferent stimulation (FAS).
A: A schematic drawing showing inhibitory cutaneous receptive field on the hindlimb.
B: A graph showing degree of activation produced by changing stimulus duration from 0.02 to 0.5 msec at
fixed stimulus frequency (5 Hz) and strength (2 V).
C, D and E: Examples recorded from activated spinal neuron by FAS with stimulus duration of 0.02, 0.1 and
0.5 msec at fixed stimulus frequency (5 Hz) and strength (2 V).
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Fig. 4. Changes in the activities of the lumbar spinal nerve excited by forelimb afferent stimulation (FAS) with varying

degree of stimulus strength.

A: A schematic drawing showing inhibitory cutaneous receptive field on the hindlimb.
B: A graph showing degree of activation induced by changing stimulus strength from 0.2 to 20 V at fixed
stimulus frequency (5 Hz) and duration (0.5 msec).
C, D and E: Examples recorded from activated spinal neuron by FAS with stimulus strength of 0.2, 2 and 20
V at fixed stimulus frequency and duration.
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Fig. 5. Determination of threshold voltage and afferent fiber component which are responsible for activation of lumbar

spinal neurons by forelimb afferent stimulation. This unit was high threshold cell with cutaneous inhibitory

receptive field on ipsilateral hindlimb.

Drawings in upper panel of Al and Bl are compound action potential curves recorded from radial nerve, of
which stimulus strength were 0.2 V (1.3 T) and 2 V (13.3 T) respectively.

Lower drawings of Al and Bl are single sweep recordings of activities of lumbar spinal neuron induced by
stimulation of radial nerve with stimulus strength of 0.2 and 2 V respectively.

A2 and B2: Post stimulus time histograms recorded from activated lumbar spinal neuron by stimulation of
radial nerve with the same stimulus strengths as in Al and Bl. Stimulus frequency and duration were 1 Hz

and 0.5 msec.

Arrow indicates the time when stimulus was applied.
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of activated
degrees of lumbar spinal neuron in-
duced by ipsilateral and contralateral

Fig. 6. Comparision

radial nerve stimulation with the same
stimulus parameters (2 V-5 Hz-0.5
msec). This unit was high threshold cell
with excitatory and inhibitory receptive
field on the hindlimb and has no spon-
taneous activity.

A and B: Examples of degree of
activation induced by ipsilateral (A)
and contralateral (B) radial nerve stim-~
ulation.
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Fig. 7. Variable latent period and esti-
mation of conduction velocity of nerve
circuit which is reposible for activation
of lumbar spinal neuron by forelimb
afferent stimulation.

Arrow indicates the time when stimu-
lus was applied to radial nerve.

A and B are single sweep oscillos-
copic drawings recorded from the same
unit stimulated with the same stimulus
parameters but have different latent

period.

43} e RIS S4E A A4
e glon] RNSo| 9afo] $45



—TAk 9 390

100
w75
[l
=
28]
>
je3)

40

30

20

E N

E V

10

b

Time 1in secconds

24P 4 L9 RF
| et x}lon <o gy

Py

S5 off Fof 'ﬂ 7159 STTH®2Z
medial thalamus 2 % A} (projection) 3} &= M-STT
AZ7F AA TSN ol A8 A A A- 2ol o 5led 3
Azl ko g Giesler$ (1981) 9] o7 5}-} 2w}
Z ©. 2 supraspinal structureE Z 31§ A3z E
Bolo] BeAlZo} AT TE LS B 5
€ 4UH A0l o9 Aol 7154 11
A E 7L Ha0] A]&H 9 (intermediate zone ) ven-
wal horn) ol #138192, $24) RFZ 2] 92
ol AA Yo 7pal R AFol oste) BB
oHe AHLe 2 48e) Aoeh QA3 o5 STT

A Zoj A A4 RFS} APkl &2 abuba) 4 Alo]

A 9% ek opieh Al AANLo) Sl

e .L.;_‘.Lm;,_% L

AAFAA Q2o o A

100

m

S EL LS

Fig. 8. Responses of lumbar spinal
neuron excited by forelimb afferent
stimulation to intra-arterially adminis-
tered potassium ion (6 mg). Arrows
indicate the time when K* ion was
administered.

Unit A was excited by administration
of K* ion and by excitatory cutaneous
input from ipsilateral hindlimb. Unit A
| also had an inhibitory receptive field on
contralateral hindlimb.

Unit B was inhibited by admin-
istration of K* ion and this unit had
inhibitory receptive field on ipsilateral
hindlimb.
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