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Abstract : It is known that local anesthetic lidocaine displays diphasic effects, inhibition and
stimulation, in a dose-dependent manner on the symptoms in the central nervous system. The
purpose of the present study was to investigate whether lidocaine exerts influence on brain
monoamine or not. The levels of noradrenaline, 3-methoxy-4-hydroxyphenylglycol, dopamine, 3,4-
dihydroxyphenylacetic acid, homovanillic acid, serotonin and 5-hydroxyindoleacetic acid in the
cerebral cortex, hypothalamus, corpus striatum and hippocampus of mice treated with lidocaine.
The metabolites were examined using the method of high-performance liquid chromatography
with electrochemical detection. The mice were injected subcutaneously with lidocaine at 4, 20, 40
or 80 mg/kg, and killed 0,5, 10 and 60 min after the administration. Next, their brains were removed
and divided according to the text. The levels of metabolites of brain monoamine in mice receiving
20 mg/kg lidocaine showed a significant decrease compared to those in the control group. The levels
of metabolites of monoamine in some brain areas of mice receiving 40 mg/kg lidocaine of a
non-convulsant dose showed an increase 60 min after the administration, whereas those in mice
receiving 80 mg/kg lidocaine of a convulsant dose showed a tendency to increase, compared to those
in the control group.

In the present study, it is clarified that the metabolism of monoamine is inhibited with a
non-convulsant dose below 40 mg/kg of lidocaine and stimulated with a covulsant dose of 80 mg/kg
lidocaine, although lidocaine has no influence on the levels of noradrenaline, dopamine and
serotonin in mouse brain. Moreover, it is found that the magnitude in metabolism of monoamine
shows diphasic patterns, depending on the dosage of lidocaine and the lapsed time after
administration.

Key words : lidocaine. monoamine and metabolites, central nervous system, mouse
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Influence of local anesthetic lidocaine on the brain monoamine and its related metabolites.
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Fig.1. Diagramatic representation of dissection procedure for mouse brain

(Glowinski et al. 1966).
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HPLC with ECD

Fig.2. Procedure for determination of brain monoamine.
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Table 1. Effect of lidocaine on the general condition in mice.

Dose " Latency to the lst Duration time in Rate of
General condition . . . . .
(mg/kg) convulsion (min) convulsion (min) convulsion (%)

4 —_ —_ — —

20 — - - -

40 Sedation - -

80 Clonic convulsion 6~7 20 ~ 30 100

Mark  — :Indicates no change.

A+ 04V, Esa Inc.) , model 5011 dual
electrode analytical cell GEEZBNHL, cell 1 :
+002V, cell 2:—1035V, Esa Inc),
Integrator (Model C-R 6 A, Bi), # 5 4i
EHEI E — % — (Model UC-65, HE{EERHEM)
POK-oTOB F/, BEMHICII8 %A 5/ —
W, 0042% ~T I v ANT x YEEF MY DA
BXU0.1mM EDTA 25 0.02 M BefgF +
19 4,70.0125M 7 = v EREERK (pH 3D %
AWV, HIEEHRE 2.4 ml/min, 35 COLEMHT
fT- 7
5. £/ 7 3 VBIUZOBENRBYE ORIE

#I5E 1 noradrenaline (NA) & Z 5
H © 3 -methoxy- 4 -hydroxyphenylglycol
(MHPG), dopamine (DA) & % ofEMEO
3,4-dihydroxyphenylacetic acid (DOPAC)
¥ X U homovanillic acid (HVA), serotonin
(BG-HT) & % o £ % ¥ &H ©5 -hydroxy-
indoleacetic acid (5-HIAA) Ico>WTHF» 2,
6. FEEAIMLE

BonERER G EHE L EERE TR
L, $Er3¥0E BN 13 Dunnett 0 £ B HER
EEEZHOVTHREL 2,

¥ S

I. V) FEHOAvEe5<o 20—iREE

D REA4 vE <o 2D BHEERE S TiIcT
WHhHADORBIE, Y FIA Y 4dng/keg, 20ng/
kg, 40mg/keds & U 80 ng/kg% < o 2 DIEREN
G LT, 60 530, B2 L7, dng/ke
BLU 20 mg/ke 5EE T3, 2HREERIK

IR L, FLRADORBRIIED SN, -
foo U FAA Y J0ng/kett 5T <Y R I13H
IR LD, BREIED LIS, 510
SEBICREE L, LAL, FVhAOREERR
FHoNEMot, U AL v 80 ng/keik5EE
TG 2 95 5 3 nRISHITARAB L UE
EREOHERBED h, 640056 74Kk
BIERTOy ARBABET OVHANREL
120 T OMRMET WA IR 20 50 5 30 23]
B Lt EBL, 2ok, ERRELER
ZEE L, 60 238icid Y B A4 SR & AR
DIREEE 73 » 1= (Table 1), %8B, s@EMETV
NADEBRHEED O h -1,

I. KNE/ 7Y vyBXUZORBMESED
#1k
1. Noradrenaline (NA) &8 (Fig.3)

D KA A Y dug/keBEHETIE, BE5 50K
DK TIHDO NA SBIHBHICHEREERI
WU UV EHA Y 2 ng/keREEETI, #
560 3 RORKMEED NA ZRIGEML /.
VA4 40 ng/kgBRSRETIE, § X TORKE
Ko NAEBELEIED SN, U F
H A v 80 ng/kgt 5B T, 5 5 HBROKK
REBLUHKTHO NASEZB DL, L
DL, BEAEBXUEETIE NA ZEBOE(LI
EH o1,

2. 3-Methoxy-4-hydroxyphenylglycol
(MHPG) &8

U RAA Y dng/kgBRERETIE, B500%&

DR T B & CRRRA O MHPG & & I38
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Fig.3. Regional noradrenaline (NA) and 3-methoxy-4-hydroxyphenylglycol (MHPG) levels in mice on the
vehicle (0 min) and 5, 10, and 60 min after administration of lidocaine at 4, 20, 40 and 80 mg/kg. The
values are expressed as percents of control (mean®SE, n=9). Control NA levels on the 0 min
( ng/g tissue weight) were : 1787242 (Hypo) and 1629 (Str) for 4 mg/kg of lidocaine, 31010 (Cor),
166047 (Hypo), 16510 (Str) and 516217 (Hipp) for 20 mg/kg of lidocaine, 478 =21 (Cor), 1661 =62
(Hypo), 20613 (Str) and 645+21 (Hipp) for 40 mg/kg of lidocaine, 3169 (Cor), 172434 (Hypo), 187
+6 (Str) and 486+ 17(Hipp) for 80 mg/kg of lidocaine. Control MHPG levels were : 132+6 (Hypo)
and 42=%1 (Str) for 4 mg/kg of lidocaine, 29+1 (Cor), 142+4 (Hypo), 38*1 (Str) and 40*+2 (Hipp) for
20 mg/kg of lidocaine, 69+3 (Cor), 1684 (Hypo), 53+3 (Str) and 72%=3 (Hipp) for 40 mg/kg of
lidocaine, 311 (Cor), 124+=3 (Hypo), 38=%1 (Str) and 441 (Hipp) for 80 mg/kg of lidocaine. Groups
are : 0 min (). 5 (%), 10 ([:7]) and 60 min (=) after administration of lidocaine. Significant
changes are indicated : *p <0.05, **p <¢0.01.

Abbreviations : Cor, cerebral cortex ; Hypo, hypothalamus ; Str, corpus striatum ;
Hipp, hippocampus
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3. Dopamine (DA) &8 (Fig.4)

Y EAA D 4ng/kg, 20 ng/kgB L T 40 ng/
ket 5B TIE, T XTOMEAIO DA SR I3xt
BEICHRTERBED ONEh ot Y FH
1 v 80mg/kefk 5B TR, 85 10 9% OEE
B L UHwBHD DA SBIEEML, 20 L,
MEETRY FAM4 v BRE605KRTODAS
BoWMmMERD 1z, B8, KNMEESD X CHRK
Ti#o DA ERIGTEBF I HNTE/LRED
NI - fo,

4. 3,4-Dihydroxyphenylacetic acid
(DOPAC) &8

YA A Y 4ng/kefGETIR, $XTOMK
WAIiCBITE2DAGEOEA LERIE,
DOPACERBICRE LR o7 VFAA Y
20mg/ ket 5B TIE, 85 HHBROBEED
DOPACEEBREBED LI, Y FH 4 ¥ 40 ng/ke
BERTE, RE52BLU102®ROBEE
® DOPAC &8 i1IKBAD L, 85 60 3k DKM
REDDOPACEEIIWM LI, )V FAAL Y
80 mg/ket 5B T, #5 60 HEROAMKE,
BEEkE X UEED DOPACERIZEML 72,
BEZMED DOPACERIZY FA/1 vORSER
KK L T B0 ERL 12,

5. Homovanillic acid (HVA) &8

D FAA Y 4Ang/keB BB TR, TXTOMK
AL BT DA ® DOPAC D4 &R,
HVA SR IMBEIC TR - 1,
) FA4 v 20 ng/kefRGHETIE, BELHABL
U 10 2RO KMRKRE, SIKTHS L CBREE
OHVAESBRBO Lo UV FHA Y 40ng/ke
BEH TR, &5 60 2RO KRMKE, SRKTH
BIUBEEO HVASBIHEM UL, VFd
1 v 80mg/kgfe SEETH, B5602%IC3T
NTORERALIc BT 5 HVA 838 L -,
BB, U EAA v 80ng/ketk SR TIE, 55
SEROKKEES L UOBEED HVA SBERED
Lehs, U A4 vEE%, HHoKRss b
KT RTOMTEAIC BT 2 HVA SBigEmL
f2o L7edioT, THhOHOMEAIO HVA R
BY P4 v EEROMBEOBEIKEL TS
MHHEOZELER LT,

6. Serotonin (5-HT) &8 (Fig.5)

JEAA Y 4ng/kgB X A0 mg/ ket 5B T
&, BIELAITXTOMBAICBVTSHT &
B BB h~TELRED SN D -
too U KA A ¥ 20 ng/ketR GH T, 85104
BORMEE B L UCRKTHD 5-HT SR IEH
Dlico V) FHA V80 ng/ ket 5HETIE, B5
60 3 RITIZ T N T OISO 5-HT S I35
MUto KMFEB L CRKRTHIcBVTIZY
ka4 voRERBIEFELTHHT SBIZ”H
HoZELERL 1,

7. 5-Hydroxyindoleacetic acid (5-HIAA)

3

U FAA Y Ang/kgB BB TR, TRTOMK
WAL D 5-HIAA SEEIBEE I cE~~TELR
BHonihotee ) FHA V20 ng/kelk 58
T3, #5108 ICRIXTONBATS
-HIAASEBBBD U, Y FA A4 v 40ng/ke
BfE5HTR 554 045®%oEEDS
-HIAA SBEED L, #8560 2%0oKMRE
BXUBK T 5-HIAA SRIdEmML7. Y
Fh4 v 80ng/ ket 5HTH, B5605%D
AINEE, R TERB & CBEED 5-HIAA &
Bizmii, 2LThoONRERAITIRY F
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Regional dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA)
levels in mice on the vehicle (0 min) and 5, 10, and 60 min after administration of lidocaine at 4,
20, 40 and 80 mg/kg. The values are expressed as percents of control (mean+SE, n=9). Control DA
levels on the 0 min (ng/g tissue weight) were : 799227 (Hypo) and 13262247 (Str) for 4 mg/kg of
lidocaine, 57328 (Cor), 787+24 (Hypo), 14409+212 (Str) and 743 (Hipp) for 20 mg/kg of lidocaine,
742+81 (Cor), 83648 (Hypo), 14970332 (Str) and 10629 (Hipp) for 40 mg/kg of lidocaine, 648149
(Cor), 85023 (Hypo), 12894+ 161 (Str) and 753 (Hipp) for 80 mg/kg of lidocaine. Control DOPAC
levels were : 21849 (Hypo) and 69429 (Str) for 4 mg/kg of lidocaine, 88£3 (Cor), 255+ 11 (Hypo),
831+25 (Str) and 22+ 1 (Hipp) for 20 mg/kg of lidocaine, 145311 (Cor), 241214 (Hypo), 99134 (Str)
and 322 (Hipp) for 40 mg/kg of lidocaine, 894 (Cor), 268%13 (Hypo), 77020 (Str) and 24=0
(Hipp) for 80 mg/kg of lidocaine. Control HVA levels were : 299+12 (Hypo) and 98124 (Str) for 4
mg/kg of lidocaine, 1685 (Cor), 293%9 (Hypo), 1272:£29 (Str) and 56+2 (Hipp) for 20 mg/kg of
lidocaine, 28821 (Cor), 350+18 (Hypo), 118631 (Str) and 684 (Hipp) for 40 mg/kg of lidocaine,
160+6 (Cor), 3197 (Hypo), 103719 (Str) and 552 (Hipp) for 80 mg/kg of lidocaine. For the key to
shading of columns see Fig.3 legend. Significant changes are indicated : *p €0.05, **p <€0.01.
Abbreviations : Cor, cerebral cortex ; Hypo, hypothalamus ; Str, corpus striatum ;

Hipp, hippocampus
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Fig.5. Regional 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) levels in mice on
the vehicle (0 min ) and 5, 10, and 60 min after administration of lidocaine at 4, 20, 40 and 80 mg/
kg. The values are expressed as percents of control (mean=SE, n=9). Control 5-HT levels on the 0
min (ng/g tissue weight) were : 184624 (Hypo) and 56816 (Str) for 4 mg/kg of lidocaine, 55217
(Cor), 1883+39 (Hypo), 73016 (Str) and 6878 (Hipp) for 20 mg/kg of lidocaine, 89746 (Cor), 1663
+74 (Hypo), 996+ 53 (Str) and 879429 (Hipp) for 40 mg/kg of lidocaine, 52110 (Cor), 182043
(Hypo), 62216 (Str) and 63916 (Hipp) for 80 mg/kg of lidocaine. Control 5-HIAA levels were : 456
+19 (Hypo) and 278+9 (Str) for 4 mg/kg of lidocaine, 1173 (Cor), 5109 (Hypo), 307£7 (Str) and
327-+7 (Hipp) for 20 mg/kg of lidocaine, 189%8 (Cor), 485122 (Hypo), 622+14 (Str) and 398*+18
(Hipp) for 40 mg/kg of lidocaine, 116+4 (Cor), 568219 (Hypo), 280+8 (Str) and 315+13 (Hipp) for 80
mg/kg of lidocaine. For the key to shading of columns see Fig. 3 legend. Significant changes are
indicated : *p <0.05, **p <0.01.

Abbreviations : Cor, cerebral cortex ; Hypo, hypothalamus ; Str, corpus striatum;
Hipp, hippocampus
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Table 2. Rates of brain monocamine metabolites in mice treated with lidocaine.

Dose

(ug/ke)

Metabolism Cerebral cortex

Hypothalamus Corpus striatum  Hippocampus

NA—MHPG 4
20 —
40

DA—DOPAC 4

DA—-HVA 4

5-HT—>5-HIAA 4
20
40
80

.+. —

Abbreviations : NA, noradrenaline ; MHPG, 3-methoxy-4-hydroxyphenylglycol ; DA, dopamine ;
DOPAC, 3,4-dihydroxyphenylacetic acid ; HVA, homovanillic acid; 5-HT, serotonin ;

5-HIAA, 5-hydroxyindoleacetic acid.

Mark : Indicates an increase (+) and a decrease (—

metabolites.

A4 v OBRSRICKE L CSHIAASRER T
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1. Noradrenaline (NA) 3

NA #» 5 MHPG ~Of#id Table 2 iZ/Rd
X5, VFAA Y Ang/keBRGHTRERR
BhonEh o7, U FAA v 20 mg/kefts
BCTRANEEB XURIKTH, /1, VFD
A v 40 g/ kg 5B TCRBRICBVT, ThZ
NETF L7 ) FAA v 80 mg/ketk 5B T,
TRTOMNEBAL O MHPG SR IIHEML, NA
» 5 MHPG ~OfR B OTTESTZH S i,

2. Dopamine (DA) 3

) in the rates of brain monoamine

(1) 3,4-Dihydroxyphenylacetic acid
(DOPAC) ~oRH

Y FHA v Ang/kgB U 20 mg/keik 5H T
B, T RToONERICBBVT DAL S
DOPAC ~ORBICIFHEIRD O NED
foo U FHA 40 mg/kgtk5EETIE, DA DS
@ DOPAC ~OR#IIBMEAEICBVTRET
Lichs, & OhoRERALIc B\ TIRERIIED
Shtidot, VALV 80ng/ ket 5B T
iz, DA 5 DOPAC ~OR#M IZAMEE TIL
L 7,

(2) Homovanillic acid (HVA) ~O3
JEHA Y 4ug/kgR G5BT, DA» DS
HVA ~ofRBEic 3B EEAD oL, -1,
UFﬁ4ymmym&5ﬁfm,k&&E,ﬁ
KT8 & REEIcBWVWT DA 5 HVA ~
ORBOETHEDONI, VLA~ 40ng/
kgt BB TIE, AMMBRE ER%A, %72 80 mg/
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kg SBE TR AREE & HEKR T Hic BV TRE
DILEDED Sh i,

3. Serotonin (5-HT) Q3

Y FAA Y 20 g/ kgt 5T, 5-HT 25
5-HIAA ~ORHIFREHFITB O TETHED
Sffce U FH A v 40 mg/kef S TREKT
Wiz B W T 5-HT H» 5 5-HIAA ~ORH DI
BED»OH, i, BETRETFTIEDSN,
BB, VA4 Y80 ng/kekGRETIE, T
ORI BT 5-HT 5 5-HIAA ~D R
B RED SN - T,

] =

Y KA A v RERERRTRREERH DD
i, SARMEM, DUARRIRIER, LoV hAfEH
BREERL, TOEEREGHEIR Tg/kes &
nTVwa2, LiL, VFAAvOfHEIEL
T, MABEHNDL g/ mlh S 10 g/ nliciEd 3
O UNEHBTRESE, & Hk Xo5ikki
FONAL EDIERMSFRET 539, Licb-
T, Y FHA VIARCKEL Tl - BED
THEERAATT®, 00X RIEHRER
BRI, R{LFEIFED B L CTER
HEHHEPLEE,SHSLITER TV S,

AFRCBVT=Y RICBWEY) KA VD
BEEN 4ng/keB L 20 mg/kgTiE, =9 R
O—IREIC BELEEDT, U Fh A 40
g/kg D E TR Y 2 IEBIREELRL, Y
FAa4 v 80ng/kgDFTIRTNTDZY R
BT ORADFER L, L b ORI
VAR FhA4 vEB586 905 70K
ZBL, Y% Ciarlone® D iF W ARBIEE

BlERIE—BHL TV, L LEKS, BEM.

FOhADREBEIED ShEdh s, Lichi-
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W 48
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54235, £/ 7 3 MEEHAER S £ 12000
BRBchbhboi2ET I EBAGATYL
ZLBB UL, YFAALA vDE, T BEE
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