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Electrophysiological Characteristics of Spinal Neurons Receiving
Ventral Root Afferent Inputs in the Cat

Jun Kim, Suk-Ho Lee and Soon-Tong Chung*

Department of Physiology, College of Medicine, Seoul National University and Kyung-Hee University*

The physiological characteristics of the neurons receiving the ventral root afferent inputs were
investigated in the cat. A total of 70 cells were identified in the lumbosacral spinal cord. All these cells
responded only to the C-strength stimulation of the distal stump of cut ventral root and the estimated
conduction velocities of the VRA fibers were not faster than 4 m/sec. The majority of them were silent
in resting state. For 49 cells, their peripheral receptive fields were characterized. Among them, 25 cells
were exclusively excited by VRA inputs, 8 were inhibited and the remaining cells recevied both
excitatory and inhibitory VRA inputs. According to the response pattern to the mechanical stimuli
applied to their receptive fields, only a fourth of them were typical high threshold cell, a sixth, wide
dynamic range cells, while remainings were a rather complex cells. Most of the cells receiving VRA
inputs, received only the A §-peripheral nerve inputs. Intravenous injection of morphine decreased the
response of spinal cells to the VRA activation. The responses were abolished completely by counter
irritation to the common peroneal nerve with C-strength-low frequency stimuli. These physiological
properties of the spinal neurons receiving the VRA inputs are differ in some aspect from the spinal
neurons receiving nociceptive inputs from the periphery, but still were consistent with the contention
that VRA system might carry nociceptive informations arising from the spinal cord and/or neraby

surrounding tissues.
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Fig. 1. A schematic drawing of the stimulation and recording setup. The L7 ventral root was cut near the spinal cord,
and the distal stump was electrically stimulated. Single cell activities were picked up with a carbon-filament
microelectrode and fed into oscilloseopes, a window discriminator and a computer and then compiled into

Oscilloscope

single pass time histogram and/or post-stimulus time histogram. DR, dorsal root; DRG, dorsal root ganglion

cells; PN, peripheral nerves; VR, ventral root.
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Fig. 2. An example of the dorsal horn cells receiving excitatory inputs from ventral root afferent fibers. A train pulse
was composed of 3-pulses with 20 msec interval. “C’’ means a stimulus of a 10 mA, 0,5 msec, which is enough
to activate the C-fibers. “Ad” means a stimulus of a 0.5~ 1 mA, 0.1 msec, which is enough to activate the
A§-fibers but not C-fibers.
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Fig. 3. An example of the dorsal horn cells receiving inhibitory inputs from ventral root afferent fibers. Horizontal bars

indicate a one sec. time scale.
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Fig. 4. A histogram of conduction velocity of ventral
root afferent fibers. Conduction velocities were
estimatd by dividing the conduction length with
the latencies of changes in the single cell activ-
ities evoked by the ventral root afferent activa-
tion.
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Fig. 5. A histogram of frequency of the action potential
of spontaneously discharging cells which
received the ventral root afferent inputs.
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Fig. 6. Examples of a typical high threshold (A) and wide dynamic range (B) cells receiving the ventral root aflerent
inputs. Upper rows indicate the peripheral receptive field (RF), middle rows are single pass time histograms
obtained during graded mechanical stiumlation to the receptive field with ‘brushing’(br), ‘press’(pr), ‘pinching’
(pi) and ‘squeezing’(sq) stimuli. HT, high threshold cell; VR stim, ventral root stimulation; WDR, wide

dynamic range cell.
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a: ankle pinch
b: ankle flexion

c: tail base pinch

d: perianal stroke

20 40 60 80 100 20 40 €0 80 100
2 sec 201 ~ sec

VR stim

) VR stim

Fig. 7. Examples of a inverse wide dynamic range cell (A) and a complex cell (B) receiving the ventral root afferent

inputs. In B, a single pass time histogram was made during stimulation with the stimuli indicated in the upper
row.

201 2
VR stim C single
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310{ 10
w
. " !!Il \
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2 2
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]
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0.5 1.0 15
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Fig. 8. An example of the dorsal horn cells receiving the ventral root afferent inputs, which also received A§- and C

-fiber inputs from the peripheral nerves. Note that C-fiber response was evoked only when the common
peroneaal nerve was stimulated with C-intensity, 3-pulse train stimuli.
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Fig. 9. Effect of systemic morphine (2 mg/kg) on the responses of a dorsal horn cell to stimulation of the ventral root.
This cell was a high threshold cell having a receptive field in the lateral two toes. MOR-30, 30 min. after
morphine administration; NLX-5, 5 min. after naloxone (0.2 mg) administration.
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activation. These results were obtained in 7
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Control

A 7 EA dehdA] w217 232 Folle Ao deviation.
157 15
J c i 60’ after
10 ontro 1 CP C-1Hz
5-.
_ : {
T T T T = -1 T T T - T 1 1
| 0.5 1.0 15 4 0.5 1.0 .5
15 sec sec
RF
=
*] TS|
-
' N T T T -
: 0.5 1.0 1.5
151 sec
CP C-1Hz CP C-train VR C-
i i train
BEEEREIN.
51 S S T A N
R TIN IR B AT RN SRR T ITs
L ] . ' ;|
A 0.5 1.0 1.5
sec

Fig. 11. Effect of counter irritation to the common peroneal nerve on the responses of a dorsal horn cell receiving the
ventral root afferent inputs. Counter irritation stimuli were given to the common peroneal nerve every 10 sec.

In the lower right, a protocol of counter irritation is shown. CP, common peroneal nerve; A-50 Hz, stimulation
of the common peroneal nerve with Agf-intensity, 50 Hz stimuli; C-1 Hz, stimulation with C-intensity, 1 Hz

stimuli.
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3 AAEL dubAql 224174, £3 Ad-v C-4
$o ARE e HFARALEY S5 vl
D24 VRAUS FAA S eidAql 287
q& A= g0l = 2let Az

VRA A& dii-#eo] 754 (unmyelinated
fiber) )& YA HE d#{A UrH(Coggeshall et al,

M

-

R
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1974; Coggeshall, 1980), 2 A3 x5 VRAE &
QA7) ARAE C-RE Aol Baskgle
7 AG-e 322 VRA A S
oty ® A4AEE AT F AL vehbe U
Jirls) A% VRA A5 FEAEEES
24999 o 7P 9hE o] 4m/secz C-A173A
# A=ems) Gt AAS, 2244 W14
2840z VRAY F¥AEEEE ARARE
VRAS| 30% 7ol As-dfolsinE X
(Kim & Chung, 1985) &= z}o]7} glo] ofol] gt

b o 7E ), £ A AR 28 4 9l
Ae A8 o)zt gle VRAS 3ut C-4
£ %39 o] VRAZ} dA|H o2 233 wof
Ao Aol
VRAS 3-8 W A4 AR ALEL A
oA AL FEUAE vlaAd AHE ol
VRAo) 2J3)] EX3lgw] ATA T 75 4.9+1.
5Hzo] ApA Z-2iAb7} Uil v 8led VRAC]
oldle] AAER A ZEL 9.3£1 1 Hz8) F-2
ALE Bgich Al A2 253 sholl g Hodgkin
3} Huxleyol| ¢J3 nx=ql Aoz & o|2igt 7}
HLZ_-} %.HHL}\}_E. /lé\ﬁ'%}’" %j\ D:] 7~/l]7:]7.ﬂ_4
& A ZEo] A F-EHALE Blvhs HollA o]
Eoll g F9& #7]A]7Aof g} (Llinas, 1988),
2 A4 VRAd| 93ty oalsodnd A2}
20% 7V7kol Bl B W AAS] B uEgS B
ol AZ7}1/34 =2 Hulo]de] AAA &g
%E AL VRAS FAIA R} thedt AR
Azlobe o F 7he A S AJARE

U2 okl A 7 5] 4
goz $5% o VRAS FEE Ut A44ZE
L1 /401 high threshold (HT) 4] Z, 1/60] wide dy-
namic range(WDR) A Z z2]xm 1/3 o]Akoe] AN
o} ] Fof] FFo] Zherobg 7hA|w 1/50] A4 Y=
Zaopts Hdl £ Ay A HT A 251 A
uiolAlol b= A =po] ol ¥ 3 (Kim et al, 1988;
1989) o}= #to]7} Sl Kol Heouh Aol Zhgof
£ 7H" 2o Al 27} ‘pinch’} ‘squeeze’ 72
g Aol hsted whggk A Aheksbd & &
ol glt} ek HwxEHEY FHAS ARE
Asts AFA4E AEEY AE 50~60%7}

o

1AL Al S4—

WDR A Zold] v]sle] EAlge] 7% WDR A 27}
Adjde s A e AAe ojH wme} R}, &
AgoA 7155 AZE2 Zolv W/l lamina IV
~VIel| s gaher] Yubd oz o] F-of|A B
£ AZEL WDRAZ7} HTAZE S} 3e Ao
2 odedx 9l vl (Wall, 1967; Price, 1986) £
Agel 79 WDRe| Hx v|dyHql A2, £
Yzol A4 FrobE: Ze ATob Hd He
VRAE 53 FAA RS o] 28R Zof| Hefdlr] 2
the A4 A AlA 3] 2rfol| Z-E3le] e
FEe Arst HF sFAA A v A
segmental modulationo] Hoj & 7LEAS A3
ok

segmental modulation®] o 3
Q7o Ag faAToz % asa AN
counter irritation® & o} ut
< HUER AT A F %lﬁ%(Chung et al,
1984ab), & Aol 4= 2L wpgos WA VRA
E ATohd EE WS AR F 1025 F)
2 AE 1272 FulEA oﬂ C-7%, 1Hz9 =}
FE 7HE F o5 327kl VRAS #AF5381e] alo]
A B4 AAAZY FFE histogramo 2 17
[, 2 Ade d2A7 e A5 VRAJ
o3t L8 H43)A AAA L] F5E AT
AAsr em HRAIA A A AHFo] Byt Follx
AR A$e FAZ AR T A 3] B 5= o
¢ A= AHY 4A 2HE 2 4 Ak ol
Chung et al(1984) o] H4A)Ale Az F5L o
Ao 2 [ASGRE of W2A7E ATl o8 20~30
27ke) A7k YUH Archs v 7 shelet,

& VRAG| ¢j3ho] 48 A4314e) A4 BEL
morpohine HWFAlekod A4 7 4 it o
4b4 © 2 morphines] 282 »71e] raphe #of 2t
£-3te] WA A 2 & A (endogenous analgesic sys-
tem) & BAHEHAA o 5] H42lhol @ a4
230) 3 FNAT Ao H4EE 493
) ZahA sHee] gl vl VRAG) 9 shel sl 4]
A 5o] morphines] 98 ZasRETHE AL
VRA®) ©)3te] ARsE o) Y¥E 553} @
slo] g8 Ak,

Bzl felATol g FLE Ao FAA
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AAst o4 £99 VRAZ 58 FAAE vz
o Zxo FAAE Ad- H C-AF5 F3to] A2
=l v} VRAAIE C-AF2 &¢uhs dech 32
o 5% AuE e A4 AQAZLY FHE WDR
(55~60%) = HT(25~35%)0] = (Willis, 1985;
Price, 1988) 10% A xul Al¥-ol Zhgobs Ztm
£ vlsted VRAY §7-& e AlZ 5L Aubo]
Abo] Babgl 7hgrobE Ztw Q& oo g+ HT
A Z7} go} kzpzlell Abe]7h Qleh = VRAY %
g W AZTo] dRAHLZHEHE AS-FE
uhs b Aol FHE o]FL Yl AolHolth
= o & /‘J_7§ ol counter irritation 2} 7}& Wl F
5|t A ED7} w2AAA e A3} (Chung et
al, 1984) ¥ o} o 7 sigicl, Hx FAA S Zpol 7}
U= VRAS 328 A4 ARAZES o]
g 5L ol Fo] B3 Fall ATl I TAAA
BE Adgely] Bobe A3l AAsleRt
ofl T2 A=tsle] 2] segmental modulationol]
HAY 7H5AE A Aot ol olfelA 2 A
T 27] A& A= VRAZ 3R RE A2
slg)ale 7}A kol VRAS £ 88 b AT E
ol AEW & AgAY-2 FAHE AZES
ol 59 EAx F73 3o, 304709 A4
Y42 ALE 2AEGEY vF VRAE B Al27}
A A BRI = VRAS F¥E ot AZE]
2tz o] FalAT ARE U AZET Yol A5
ulo} Zro} zle)7} QU-go] JAsle] B ATelAE
VRAS 38 vt AFALEY A ARH o
2AsEd A2k
$Ho 2 F VRAAIE 53l Adds]e
%3 #ale] Jlegjete AL S04 °;_l
28 Aol A= £PeHR ofe] Y S5 S1E
u} VRAA 59 tjfio] C-AFEoln o]Fol
gk AZTE Aolo] L2 Y A3
ol HFg-3h= Al E-Eo] 3z F-ol ¥ t}E morphineoi] 2|
3}ed 2 8%-o] A= 1 counter irritationo]] ]3]
A== A 52 VRAAZL 553 Zalo] gl&d
A|Abgtet,

=l
i

r
1)

L

D AH244 A 2 3 1990—

2]
1L
2
i
i

2 7elar Haqe
ferent, VRA) Al17d9] &
4S5 SR olEel 2R S42 4
402 $As o] VRAAS A2 19 27
F2sbg e}, 319ko]E ketamined} g-chloralose®
ol £ 94 Yo EE 29|31 L7 22 Sl
A4 A ZE 9te]sle] Aty 1 wxcks 223}
of VRAHHE ATY % 1 FEE BE 2432
W ARAZE BEE AZsVSWeE WA
ot o|EAES Aok, FH, BRAAY TAAR
=) morphine, counter irritation®] & 3}-5
A 3 Ve 434 ol

1) =5 707§2] VRA -‘8’-—3—% e Ag AAMNE
F I en o]EL 25 VRAZRE C-7x
o §2 wakeh

2571 VRAo| 93l B33l 870 A =3
2w 167]= VRAd] 93l F3+F JA L A%
TEehsich Ak o] 4 (28/49) & <t AElA
SEAE AL 288 Al 2o oA Al ZES
10~20 Hz8} zpibd E-2-g whALslolch

3) wz 7okl Zhl Al 71 Al A A=l i {E ubE-
of wtet &% o} 43 =<l high threshold (HT) A
27} 127, wide dynamic range(WDR) A Z 7} 7
N, AAA Zobs 2t 7ol 87 ojFom 1
Ale BA4g AaokE B3t Aok 27+
uhe] QR ARl she wlm A 2p Aol F7(21/
36) & ol %%

4) B2TAAA Y Ay dope] HZ27 A
8-F-¢ul wigkory C-F4-& e AL gA 4
o},

5) morphine-S2- A =M T 35192 w] VRAo) 9} 3}
o FutE A X FFo] 74319 T naloxoneo] ) d}
o morphine E3}7} JAH =AU}, Fu|EAAE C
-7}z 2 =}p=3}e] counter irritate A7 Wi VRAO)
ofste] el A Z 5 A3 AAEGen] 2
B HE2AAR ATl it Follx AR 77 A
S5
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