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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.
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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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Brain

Supernatant

<+ Homogenate 0.05 M perchloric acid 300~400 u £
containing 0.1 mM EDTA

<—Centrifugation 12,000r.p.m, 20 min, 4 C

0.45 pm filter

Column WH-C18, 4.6 mmIDX50 mm. 5xm

Elution 8 % methanol. 0.042 % sodium heptansulfonic acid,
0.1 mM EDTA containing 0.02 M sodium acetate /
0.0125 M citric acid buffer, pH 3.7

NA, MHPG, DA, DOPAC, HVA

5-HT, 5-HIAA

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 ~

Mark  — :Indicates no change.
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Fig.3. Regional noradrenaline (NA) and 3-methoxy-4-hydroxyphenylglycol (MHPG) levels in mice on the DOPAC Glitic BE(LE 7o U KA A ¥ UFAA~ 4ug/kge 5BETIR, T XTOHY
vehicle (0 min) and 5, 10, and 60 min after administration of lidocaine at 4, 20, 40 and 80 mg/kg. The 20mg/ kg GBI T, BEH D DB OBMEAKD AL D 5-HIAA & & E BB I b~ T2 iz
values are expressed as percents of control (mean=SE, n=9). Control NA levels on the 0 min DOPAC &t iddd’b Ltz Y KB4 v 40 mg/ ke HASHED ot U FHA 90 mg/ ke R 5B
(ng/g tissue weight) were : 1787142 (Hypo) and 1629 (Str) for 4 mg/kg of lidocaine, 310+ 10 (Cor), e e At LA STy (8 o M o o / L 3 f _: i o
166047 (Hypo), 165+ 10 (Str) and 51617 (Hipp) for 20 mg/kg of lidocaine, 47821 (Cor), 1661+ 62 BeFRETI, B35 928 L 010 2R ORISR (K T, BE00%ICRTXTORMKAN TS
(Hypo), 206=13 (Str) and 64521 (Hipp) for 40 mg/kg of lidocaine, 31649 (Cor), 1724 + 34 (Hypo), 187 ® DOPAC G itz L, 8¢5 60 438 0 Al -HIAA SRAMD L. U FA 4~ 40 ng/ke
=6 (Str) and 486 =17(Hipp) for 80 mg/kg of lidocaine. Control MHPG levels were : 132+ 6 (Hypo) 2B ® DOPAC &kt i 54 L oo U KB A ¥ BERTE, & 554y, 104% 0 HWEDS
and 42=1] (Str) for 4 mg/kg of lidocaine, 29+ 1 (Cor), 142+4 (Hypo), 38+ 1 (Str) and 40+ 2 (Hipp) for o A i A Lyt Tty " [ 5 P
20 mg/kg of lidocaine, 69+3 (Cor), 16844 (Hypo), 533 (Str) and 72+3 (Hipp) for 40 mg/kg of 80 mg/kgBe FRET I, Bely 60 43k D AMNEEL, -HIAA & !;((i{h“/ L, #4560 9% 0 KR H
lidocaine, 31+ 1 (Cor 124+3 (Hypo), 381 (Str) and 441 (Hipp) for 80 mg/kg of lidocaine. Groups BRRIAB L GO DOPAC S btz L 72, BLOMIK NH O 5-HIAA SRR L 7z, V)
: 0 min (). ///) 10 ([77]) and 60 min (=) after administration of lidocaine. Significant MXH\(D DOPAC itz ) FH 4 v o it A4 v 80 mg/kgbe SBETIZ, Br5 60 %0
chdngcs are mdl(,dted : /0.0a v <000, = topk
Abbreviations : Cor, cerebral cortex ; Hypo, hypothalamus ; Str, corpus striatum ; s L AEDOLALZ R L 120 ABREZTL, BUA T B L UHARIAD 5-HIAA
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Hipp, hippocampus 5. Homovanillic acid (HVA) &kt BB Li, Z2LTTh S DM TIZY
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Fig.4. Regional dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) i aoj
levels in mice on lh’(. vehicle (0 min) and 5, 10, and 60 min after adnnmslml.NTn of ]l(lH‘(dlI)( at 4, Cor Hypo Str Hipp = Cor Hypo Str Hipp
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 : 799 =27 (Hypo) and 13262247 (Str) for 4 mg/kg of Fig.5. Regional 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) levels in mice on
lidocaine, 573 =28 (Cor), 787124 (Hypo), 14409212 (Str) and 74 +3 (Hipp) for 20 mg/kg of lidocaine, the vehicle (0 min ) and 5, 10, and 60 min after administration of lidocaine at 4, 20, 40 and 80 mg
742+81 (Cor), 836248 (Hypo), 14970332 (Str) and 106 =9 (Hipp) for 40 mg/kg of lidocaine, 648 =49 kg. The values are expressed as percents of control (mean=SE, n=9). Control 5-HT levels on the 0
(Cor), 85023 (Hypo), 12894+ 161 (Str) and 75+3 (Hipp) for 80 mg/kg of lidocaine. Control DOPAC min (ng/g tissue weight) were : 1846 =24 (Hypo) and 568 =16 (Str) for 4 mg/kg of lidocaine, 552 =17
levels were : 2189 (Hypo) and 694 =29 (Str) for 4 mg/kg of lidocaine, 88 *3 (Cor), 2556 11 (Hypo), (Cor), 1883 £39 (Hypo), 73016 (Str) and 687 =8 (Hipp) for 20 mg/kg of lidocaine, 897 =46 (Cor), 1663
83125 (Str) and 22=1 (Hipp) for 20 mg/kg of lidocaine, 14511 (Cor), 241+ 14 (Hypo), 991 + 34 (Str) t74 (Hypo), 996+ 53 (Str) and 879129 (Hipp) for 40 mg/kg of lidocaine, 521 =10 (Cor), 182043
and 32=2 (Hipp) for 40 mg/kg of lidocaine, 894 (Cor), 268 =13 (Hypo), 77020 (Str) and 24+0 (Hypo), 622+ 16 (Str) and 639+ 16 (Hipp) for 80 mg/kg of lidocaine. Control 5-HIAA levels were : 456
(Hipp) for 80 mg/kg of Iidocuinc Control HVA levels were : 29912 (Hypo) and 981 + 24 (Str) for 4 £19 (Hypo) and 278 -9 (Str) for 4 mg/kg of lidocaine, 1173 (Cor), 5109 (Hypo), 307=7 (Str) and
mg/kg of lidocaine, 168=5 (Cor), 293+9 (Hypo), 1272+29 (Str) and 56 2 (Hipp) for 20 mg/kg of 32747 (Hipp) for 20 mg/kg of lidocaine, 189+8 (Cor), 48522 (Hypo), 62214 (Str) and 398=18
lidocaine, 288721 (Cor), .,3\)0 18 (Hypo), 118631 (Str) and 68 4 (Hipp) for 40 mg/kg of lidocaine, (Hipp) for 40 mg/kg of lidocaine, 116 =4 (Cor), 568 =19 (Hypo), 2808 (Str) and 315213 (Hipp) for 80
160 =6 (Cor), 3197 (Hypo), 103719 (Str) and 55 =2 (Hipp) for 80 mg/kg of lidocaine. For the key to mg/kg of lidocaine. For the key to shading of columns see Fig. 3 legend. Significant changes are
shading of columns see Fig.3 legend. Significant changes are indicated : *p <0.05, **p <0.01. indicated : *p <0.05, **p <0.01.
Abbreviations : Cor, cerebral cortex ; Hypo, hypothalamus ; Str, corpus striatum ; Abbreviations : Cor, cerebral cortex ; Hypo, hypothalamus ; Str, corpus striatum;

Hipp, hippocampus Hipp, hippocampus
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Table 2. Rates of brain monoamine metabolites in mice treated with lidocaine.

Dose

(ve/ke) Cerebral cortex

Metabolism

Hypothalamus Corpus striatum  Hippocampus

NA—-MHPG 4
20
40
80

DA—DOPAC 4
20
40
80

4
20
40
80

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 (—) in the rates of brain monoamine

metabolites.
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BEEZRL, TORERSGHER Tog/kgs &
nTws?, LhlL, "V FEAA OEHICEEL
T, M BeEDs 5 g/ mlh 5 10 g/ mlic 4 3
LOoumMERTIEHEE, A% Yk S5
VWAL EDIERDS B 575, L7chi-
T, Y FAA v @HRICKE L Tl s Bgo
CHEEMART Y, Ok S BEHRES
HEBEREEAT ), AR B & OB
BRI S ED SIS hicE TV B,

AffRicBOT=Y RICHWEY KL YD
S A dng/keB L 20 mg/kgTlE, =9 R
DO—HARIEIC FZALZBD S, UV A1 40
ng/kg DB TR =9 R (FSIMIRIER KL, Y
Fh4 v 80mg/kgBHTRERTO=Y RiC
BHRPEF R ADSRBI L7z, L s C oI
HOhAIRY Fha 2B556 905 Takic
FEBLL, BEY4 Ciarlone®™ o Ll A R B
& EE—HL TW, LA LAEAS, shiEtt
HWhAORBIEED SN -t, Lizdi-
T, ) K4 vRIEFONA LT IRINEICE-,
HFOhABRRTREEEHO VDY 2 A RHK
LR RIECERI 2R L, fEkoMt & —8 L T
L\t4.21~23)0

Fayi RS 8, R X o R O B fiE A
WM A T EH S, RITEKEEE O R
Tid, #ERE L CHBROBIESEIIE Y,

HOLOhABEHREINIEZEZ SR TL
ZLTNRE  F i, RkEEEIC L BT VWhA
FEBIO RO KB FRIcH O 520 L
b T OEALIC G BRI 5 4 5 GABA
EBVERBELGFHEL RFHMBERID
GABA fEEIE: #i#& 7> 5 GABA @ i th % 141

L, BLVhAZFEHKT L LBHOSATVLEY,
L7ch>T, GABA DfEfiZiEss 45~ v
SIOTEE VY ROEYH, YV FAA vickB T
WH AT EDHEREIRIEE O PR L
SNAMADDESTH B,

GABA {EBI 1 AL (3 R o 06 B 6 1 1
5355, £/ 7 3 AAEBHEARER S 2 2005
BREBcorbbEET A EBHISATL
BLE Lhl, )V FALvDE, T vEEE
WHEICBET 2043, NA, DA BLU5-HT ®
BRSOV TOADORITHY, ThoORH
YEORG RITbh TWiEh -1, AFFEICE
WTiz, ) FAaA4 voIEFVhARDPSIFVLR
AFERBETORBRERAVT, /73 vEZ
DRBYHE~DEE It >\ T, HPLC-ECD i
EROTRIA L

1. Noradrenaline (NA) {EEt:fiEERIc>

Wt

29 ZDOKKEHERIEFORARD ) FHA
g/ kgD PEETIINAGRZHEMESE 3
2, FLRABREDY FA 4 ¥ 80 ng/kgDHk
H5TREDd 5, 5o RIKFN MR
Rl ChicHLT, =9 208%EB X
UBETRNAGRICIEEBRIEDSAK
Motz Ciarlone® 3 FA A Y OIFOHAE
REOBG S NA SREMMS LI EE2H
HLw, AERTRIVNWABRROESH
KBTI 6 L OHIK Mo NA G %D &
i, TOXIICAKROFERIZ, EBREMHO
H#WiEdH 5 DD, Ciarlone® O & 13—
LTUuBHL, &Kic, NAORBEYETH 3
MHPG G RUIGHRIE L e+ X TORIESR I Ic B
WT, ) FAAL vOEFVRARDS B, YK
#4 v 4ng/kgB & U 20 ng/kg DG T 13D
T50, TORAEREDO Y FH 4 ~ 80 ng/ke
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o5 TREMT 313 E, AIRKIEN MYER
{EZRL TV, BB, FHTLVHARTHSY
FhA v A0ng/kgkfe5 9 5 & MHPG & it
i, =9 R OMEETIIBES 60 kg
B0, BETRINBLT 10 %I L, &
fz. BKTFEWTRY FA4 v BE5059%IcE
WTREDT B8, #5560 5®RICIEMT 3
15 CHSRRURAFH) MR LA R L7ce L=
T, ) EH4 voEFuhniAROBSICEVWT
$ MHPG SRoOE{LBED O T Eh S,
CTOZLRTFVhAIE B RIEIcE->T
RBLEOTREL, U FAIA v ZhAKDE
Hick3bnDEEZ o053, Lrd NAORH
MlEzR Y KA A4 »OFFVAARDOES TR
T938, TLhAFRBROKRSTIRITEST S
BEMED S5ht,
2. Dopamine (DA) {EEEMERICHO>WT
29 ZADMEARBLUBETRY AL YD
FOhAFRRBREZES5 4T 5L DAGRIEIEMN
Licts, =9 20 KMEHES L OHRIK FRTR
D EAA YK ZEBRBLSNL L S 1,
DA OR#YETH % DOPAC O &IZ, T
WHARDS B Y FA4 v A0 ng/keZ 854 5
L= ZDOKIKKETIIHEML, BREAETIIH
MLt TONAFEREAPST 5 L DOPAC
BRI 2OKNKEHE BEKBLUBET
L, BREA T RIKIFN I MR
%R L7o ¥5ic DOPACORBYHETS 5
HVA o0& &3, <7 20KKEHE, BIKFS
BLUBEATRY FAA ¥ 20 mg/kgD e
EoTHLLEY, UV EHA Y A0mg/keB LT
80mg/ kgD Fic &k - THML 7z, £7, DA
5 HVA ~oR#EERE ) F A4~ 20 mg/kg
DESICE->THDOL, VA4 v 40 ng/kgd
LU 80 mg/kg D Ic & > THIMT A1 &,
BKIF HMEER LI, LichisT,
DA ol D TS EFONARTH S 1)
FA4 v 40mg/kgnfeFicBLTHRED SN
T&m5, NA OEA LA, DA BEYITO
ZleRFVhAICL B kB ELickENT %
bOTRBEVWEEZ LGNS,

3. Serotonin (5-HT) fEEBMEMEERICH>WT

29 2D KT EBIK P ORKN 5-HT &
Bz FA 4 v 20 ng/kgDBETERMOL, V)
KA A v 80 mg/ kgD G TR 5L, M
BUKLE) MR b AR Lo &7z, S5-HT O
RMYTITH 5 5-HIAA Bt L = 20 KK
BEEL, SR FIB, REIAIC B O T RS
M ESED SN, TOXS BRI
FhA v EZERTHR L 2o A Sh s Mtk
EHE—H T 5 EDTH -1, 5-HT Ol
frld, =7 ZOEEKAKICBLTIR) FAa4 ¥ 20
ng/ kg DEEH TIRIE F L8, =9 20 KKK
BEBKFHicBVTIRY FA 4 >~ 40 ng/kgD
BETIRTEL, LEd-T, 5-HT oM
[alEz D LN F VNAMTHE Y Fh A~
A0 mg/kgDE It L > T=9 RICRBLTW A
TEMS, SHTIRBLTHIHFLNRADRSIC
o T RENTIRBATTEL D TRIBEVEE
Zbhb,

PER, =9 2R NA, DA BXU5-HT i<
i3, UFAA vOESICLEBTVhADERE
{E&Z.a.lim)' if;‘im]ﬁlﬁ)é.&é é L\ .5 i = f:
SR LE-RENAOND, F12, YV FAAL Y
OBBIc L BANNE, 7 3 vEROMRICYL
THREA LRI - RS BBRE D, —EL
TLHEL, TOL I BBV, KERENY) ORI,
D58k, &2VIRKNE 2 73 v ORliEk
BEOHBRICLBIEMNELOND, F1, B
KDWETIE NA, DA, 5-HT OoGfilto s %
BEZELTVWEILbZDO—NEEDbN S,

A TR, =9 ZADKNICH T S NA, DA
BLUSHT oGRicA, 6k BAINT
Wi - 12E /7 7 3 O~ DI
WT bR L, ZOfER, IELI=Y 20D
AT Ic & » THRIEAHH, MANNA, DA
KU 5-HT O & RUCHERISEEAED S i b
BaTs, FFTVWhARDY) FAA 2 dng/kg
BLU 20 ng/kgd i TldE 7 7 3 v O
DK FARH Ohts, ThicL T, JFFn
NART G IS RO ) KA1 2 40 mg/kg
BLUOHORABERMD 80 ng/ kgD TldE

D EAA Y ORNE /7 3 v i IE 4 B 175

7 7 3 v ORMlzA TS B Ml A S
o ED T & &Y, ) FAA v BIKNE, 7
I v ofUnlizict L, [ Shol#ieE 2T
W5 ffiEfEA RS Rtz

¥k, B/ 7 vBLUCORBMYER, <
7 A0 NIKECETL, K Fiis L OBEEKIcB L
TR FA4 v oficikiEL, KIkEE 8
K R#E L OmEIcBVTIRY FA A vEE5#%
DR ORGERITIRAFE L 1= Mt L2 Rd T &
B SMIE -1, BB, UV FAL vOEFL
NAROP S IC & - TEH SN A8 IEH P
HOHAERICIRE 2 7 3 YIEBTEMBR RO
B Fick 27EH & 2 OfeEI %5 L TV 5 affE
N F (i

¥ E

1. =9 21Xt 50 A4 v 4mg/kgB &
U 20 ng/kg DS TR, =9 ZADFIHRES)IC 2
I AERIES S o128, ) K4 v 40
mg/kg DELG T IIBIFHRELRL, VKA1 ¥
80 mg/ kg DR TREMET WA ZFEF L
o

9. I F#AA4 vid=2 2N noradrenaline
(NA) BfticiRBEALEEBERETS -1
5, U KA A 20 ng/kgbd FORS T IANA
NA OfUPTI ¢ 5 MHPG S A5 L,
NA 7 & MHPG ~ O ]z 0 (K F A58 5
1z, U KA A > 40 ng/kg DB TIIEK T
EBRIKICB Y BN MHPG Gz ) F o4
VRS A RICIERD L, 60 S kici3md 5
BRI AE L 7 “RIERA LA R LA, ) F A
v 80 mg/kgDHHTlE= ¥ R ICHIET WhA
&R L, MHPG S L 12, £z u
NAMBBICBLTHED SN, NA OS]
fi (3 CHE L 72,

3. =9 2O KM, BIK M L U8R
{KicHBWTid, dopamine » & HVA ~O{UH
[z OWRANTH S ) Fh 1~ 20 ng/ ke
OBSTRIEF LI LML, U FAAL vOJE
HORA LT b i @ o 40 mg/ ke &
O A& 80 ng/ kg DT DA

5 HVA ~ofR#Hi3 it L, MBIk L1 -
M AR L 12,

4. Serotonin #» 5 5-HIAA ~ @ £ 3 [a] -
2, =9 ZADMEARTIRY FA 4 > 20 ng/kegD
5, 2-BETREY KA1 ¥ 40 ng/kgD 5
EX-oTtzhZhETF L, £, =9 R3DK
MEEB LUK T TRIETVNARTS B
) KA 4 v 40 ng/kg DG B BlER 3T L
oo

5. U F#HA4 vig= 9 ZKAD noradrena-
line, dopamine B & Uf serotonin D& EICH
BLRIFEBVEATS, 2h5oR#ElkxIc
2 Fh4 v ORSERB L UBSEREICKEL
fo ML AR L o

#H L33
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