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An Analgesic Mechanism of Intravenous Lidocaine Hydrochloride :

Suppression of Dorsal-horn Nociceptive Neurons*

Shuji DOHI
Department of Anesthesiology, Sapporo Medical College
(Chief: Prof. T. Takahashi)
Luke M. KITAHATA
Department of Anesthesiology, Yale University School of Medicine

To elucidate the mechanisms of analgesic action of intraveously administered local anesthetics,
effects of lidocaine hydrochloride on dorsal-horn nociceptive neurons were studied in spinal cord
transected, decerebrated cats utilizing extracellular microelectrode recording techniques. All single units
studied (n=37) responded to high threshold mechanical as well as noxious heat stimuli (radiant heat:
using Hardy-Wollf-Goodell Dolorimeter). The mean spontaneous discharge frequency of the neurons
studied was 9.5+1.0 (mean+1. S.E.) I.P.S. (impulse per second). When radient heat stimuli (skin temp.
49°C) were given, the mean value of the average discharge frequency increased to 33.94+25 1.P.S..

Lidocaine 2.5, 5.0, and 10.0 mg/kg i.v. produced dose related suppression of both spontaneous activities
and responses to noxious heat stimulation. By above doses of lidocaine, the maximum suppression of
the pontaneous activities observed at 3 to 7 min after lidocaine i.v. were 37, 68 and 75 percent, respec-
tively ; those of heat evoked response were 17, 48 and 61 percent, respectively (p<0.05). The threshold
skin temperature to noxious heat stimuli increased from 44.74-0.4 °C (during control) to 46.3+£0.7 °C with
lidocaine 5.0 mg/kg (p<0.05), to 47.8+0.8 °C with lidocaine 10.0 mg/kg (p<0.01). Lidocaine also suppressed
responses to non-noxious mechanical stimuli (jet air) of the same neurons. It is suggested that lidocaine
may block conduction of nociceptive impulses, at least in part, by suppression of spinal-cord nociceptive
neurons. (Received October 15, 1979 and accepted November, 26, 1979)
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BHHEHR L D 12 BMEFE LT ot Bl X %
KM ERE O ERCKT5 = = — 0 v OFFRFEGHEE D
BT 2B b %, Thth X, Yk b, HEL o v
0237 TSR LOEER S L. Buliic X 55
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Effects of lidocaine hydrochloride (2.5, 5.0 and 10.0 mg/kg,

i.v.) on spontaneous and heat evoked activities of dorsal

horn nociceptive n

eurons (Rexed lamina V)

Control (I.P.S.) Percent suppression
Dose of lidocaine

spontaneous evoked spontaneous evoked

25 mg/kg 6.8 31.7 36.5% 17.4*
(n=8) 17 +38 +135 +53

5.0 mg/kg 9.9t 31.0 68.1%:* 48.2%*
(n=17) +1.3 #=8.1 +7.9 +8.2

10.0 mg/kg 11.8t 39.4 75.0%* 61.1%*
(n=12) +2.3 +=b6 +8.7 +7.4

* p<0.05 v.s. control
#  p<0.0l v.s. control

+t Units of which spontaneous discharge frequencies were more then 1 L.P.S. were
sampled. Numbers indicate mean+1. S.E..
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An example of oscilloscope tracing of the single unit activities.

Above : spontaneous activities, bottom : heat evoked activities.

SPONTANEOUS
CONTROL
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Fig. 1
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100 } _I.
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®--- 25 mg/kg (n=8)

o0—o 5.0 mg/kg (n=16)

x—=% 0.0 mg/kg (n=10)

I I | I I I L I

Control 10 20 30 40 50
MINUTES

Fig. 2 The effects of licocaine hydorchloride (2.5,
5.0 and 10.0 mg/kg) on the spontaneous
activities of singleneurons of the Rexed
lamina V and its time course. Vertical
bars represent SEM.
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A 30074, cONTROL B (5[;::;::)5;1 LIDOCAINE
200 200
I.LP.S. 100 100
Y —JLA—.-A__L
- 4
HEAT AR WEAT AR
300 7¢ 20 min AFTER LIDOCAINE D. 60min AFTER LIDOCAINE
(10 mg/kg) (10 mg /kq)
B.
200
200 v
100
.P.S. 100
6] 3 FERT AR VERT AR
Fig. 4 Post-stimulus histogram of single-unit acti-
vities on the neuron which responded to
C. touch, pinch and pressure. Lidocaine sup-
pressed equally both responses to noxious
200 heat (peak skin temp. 49.5°C) and to low
threshold mechanical stimulation (jet air
LPS. 100 on the.hair skin). The time base is 100
msec/bin.
0 fLTWwWA. flxiE, 19744, ¥ o—A Kitahata et

35 40 45 50
SKIN TEMPERATURE (°C)

Fig. 3 Oscilloscope tracings of the instantaneous
skin temperature vs. single-unit discahrge
relationship when radiant heat was deli-
vered for 3 sec. A traceing at five min.
after each dose of lidocaine was traced
on the control tracing of each single-unit.
Each picture represents a different unit.
A: lidocaine 2.5mg/kg i. v., B: lidocaine 5.0

mg/kg i. v.,, C: lidocaine 10.0 mg/kg i. v.
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Hardy et al2® (%, Z OF & v #% (radiant heat,
Hardy #fat) & H T, A2 A& U 2 BRI E R
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B & RS TR E O L ESRBE GRS L LD, D
Ho=2—m ik, WFhif, T evF, HDVEE
eV FRLKILL, bhbhoyy Zrlic=a—a v ff
LIFRBEOWR AR L. o= a— 8 v OS5
B %5 X OV REIREE O LS X B A RS AHPRE O BN OFREE
3, LEPLTWS. FICHEMFMIT L, warming-
noxious units & %\ (X noxious thermal units (¥ Rexed
BB V-VII JFIZBECHAL T B 2 &R B LT 2.

SN ES (B SHEREY P4 vk, Rt
WaEETH A2 aGEHEAD Rexed BV @= a2 —o v D
FEFEAIEE I L OB R FEATIEE 2, £ Db RITii
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R A L 7o BT, &2 WIEREEER R E T 5
EWS R IR BB L CREB RN AEF2 5L 0T
H5.
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FR MR R DB ER T ey 7352 61K
D, WExLicbTeELl. Lrl, ZOoHT, 7o
# A v (4mg/kg) X THORIEMTH 20 7RO i
BRSBTS, 1oL 2 ORISR O 5 1
FTH D, FBMREDOEEA IG5k, i Ed
5 (256~50mg/kg) D7 e n 4 v ELIELTHEHEL
7230, LasL7saih de Jong and NacedD (X, U FH 4
v 5.0~17.5 mg/kg DEIRAIEG-H, v b E 2—
THIRREE S R % 20 A5, $ L8 C §HE D RICIRIE 3
L OEERHE T2 & amE Lc. FlziE, Y Fa

1) 2R =2—ua v (warming

FLIREERE

1~ 10mg/kg 1%, A-0, CHrifiD(zE M EA ZhEhxt
W 5%, 10% ML, RIGELOIRIGA Z 2o
#16%, 27% FHILrc. bk, FRAEES-Shicy ¥
BA VD, AIOCKMMEERIED 1 v v 2 DIEEER T 8y
7 LT, i Us s L.

—, REHENC X B HE ORI TR, AR I RWT L
F2® kT, RWEMMBRMAEEIIETs &L
Moo A-0 LERED CRRMED R D IENR AR BRI D
EDELDBR TS, IBICAMTIE, “MAZER
SRR B EECL, A0 B3I CHHEtDRNBHT 05
ELHBR TV A, pv0x a8 Rexed 28 V JEo =
a—u ik, ZhbOROLERKEND DA v v 2% Z 1T,
A4 9 FER T HE ERMBNT DY, ZhbDdX
n, EHCKS IR K4 v, BFiiv~vT=a
—u v HIH L7 Dh, B 5\ I REMRERME (A0, Cii
#) 7 a5 2 LT, 2RINCHEFEHE FAD Rexed 25V JE
D= a—ayEiflLizonBl ST, Ll b
DRz 5 Mk, bhbhoiF5efE o, #iiv ~
VORI TH D X B RETHLDEZE 2 2% 5
75k s

FTlebb, FTE—C, KEMED A v o 2 X2 D
B E AL OIRIEAS, TEH D 50% L B 2 g\ R b (2
Xh 5%, de Jong and Naced) DOHFFETIE, VY Fa4
v 10 mg/kg OEETIE, A-0 L0 CHHEDIEBERLD
L 30% AT TH D, Zoiilh, bhbhoWreT
1%, RSB X o TR S IR MR ED 4 v ¢
WAL, FOREBLED T L, i <wvic & TE%E
Ihtc L HENX B, Wagers and Smith® ¢, Y F»
1 v 2~4 mg/kg OEE-THE, WO X » T3
Fe XN RMEAHRRRLED 4 v 790w 2 DFEHEE 2 D S &
e\ TOBE, IEHEMEHEEIED oI, 20 mg/
kg D) FaA4A vRBETH I EWEL TS

B2, Y Fh4 v 25 50FLC10.0mgksgic k5
o= 2 — o v OEII ORI, £ Eh 205, 4074,
FLT50 5L T otz. Wagers and Smith3) 5o
BTk, KEDY Fa4 v (10~20 mg/kg) T, Ko
T ER A ORI, 2 5 IEE LIa®, 10~15
STEEL TS, CHRftoIEHEMDOREIETL, 15mg/
kg DY ¥4 v o5, 2~35THED, 10 5HICiE
F80% EELTW5D. Zhbiclligl, Fifigfl=x—
vy O, YEDOY FA4 VL hnbBY, TOR)
BT, AR ERL, EBELREL.

53T, BHiH, BIRAEG-IRc7and v X
Y FHh4 ek > T &N 5. Peterson®) (%, %2
T7an4 v (4~5mglkg) ik, MEERMEOEERIZLA
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S L2 ugs, Hids X OV ol < JIdld s & &
HZL LT\ 5. de Jong et al’D L HHix 3 TiE, U F
H1 4 v (5~25 mg/kg) DEHIRME G- X 5 B—FHiI GO
JTTEARHEL B L o0, LFRiIRGHE, HHEfED 5~
50% FCHIFIL 2 EE LT 5. BiZ, Galindo® 3,
Tand v, BREDYFy T2OEEAIIHT S &
FHTD. b OFRPERE, JBITIREZED(EH
2, EERCRAEIRERARC S 2 5B &, v ~
WL FEET D Ex2WE-TW5. BT, bhubhobf
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