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The Effect of Lithium, Carbamazepine, and Methamphetamine on
Intracellular Signal System in Rat Brain
—On Phosphatidylinositol Metabolism—

Hiroto Shinkado

Lithium has been used in the treatment of patients with bipolar affective dis-
orders. In recent years, A carbamazepine (CBZ) has also become widely accepted
as mood stabilizer, but the mechanism of the chemical action of CBZ is still unclear.
Since it is known that lithium inhibits phosphoinositide metabolism, it has been
suggested that CBZ may also has the same action on phosphoinositide metabolism.
On the other hand, since treatment with methamphetamine (MAP) has evoked manic
and schizophrenic symptoms, it has been suggested that MAP may have the opposite
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effect on phosphoinositide metabolism. Therefore, we decided to carry out an
investigation comparing the effect of lithium on phosphoinositide matabolism with
that of CBZ and MAP.
adrenergic receptor is related to phosphoinositide metabolism. The accumulation of

In the present study, it was suggested that the alpha-1

the inositol 1-phosphate of CBZ was as predominant as that of lithium compared
with noradrenaline only. Consequentry, it is suggested that CBZ, like lithium, may
It was that MAP promoted phos-
phoinositide metabolism. When a comparison between lithium and CBZ using a MAP

also inhibit noted phosphoinositide metabolism.

action pattern was made, different accumulation of inositol 1-phosphate, inositol
biphosphate, and inositol triphosphate were observed. Therefore, it was concluded
that each phosphatase possibly has different action pattern of metabolism, from
inositol triphosphate to inositol biphosphate, inositol biphosphate to inositol 1-phos

(818% %35 1992)

phate, and inositol 1-phosphate to inositol.

Igakkaishi 18(3) : 219—226, 1992

Key Words (@ Phosphoinositide metabolism

® Carbamazepine
® Antimanic action

## El

B S DR B ENRE & R KRB HER D
—D2Th3. LrLZoBkidy g IR HER
EZDRGBICES K% 2T, % OEMENE
BB T3> 0%, PiREOIERKRE
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@ Lithium
@ Methamphetamine

(MAP) 2HWTZ v MR A /¥ b= >
FEERBR I RIZTEE R in vitro T lithium
(L) L HEUMRETL 7z,

MR - KERFE

EEBR 1T Wistar BT v b (150~300 g)
ZHEAL. WEERE, 3 WRKEE %A
74 X (50mg) L, 10 mM-glucose &F KRB
WEEWR (PH 7.4, NaCl 69%, KCI 10.35%,
CaCl; 0.028%, KH,PO,0.016%, MgSO, 7
H,0 0.029%, NaHCO; 0.21%) T¥ei#t&, air
PRUEZHR I~V ELT2 uC myo-(2-°H)
inositol Z ¥ L 37°C 9043 incubation L T
MfICED AR T, b 5 —EBER TR
L, EBRENOEY EEL D&M TERELITC
T104R] incubation L TRIG& ¥ 2. # D,
receptor d agonist & L T noradrenaline 100
M ZEMU604 0 incubation THIE21T-
72. K1310% Trichloroacetic acid ¥ %l 2.
Tik®, KFIZ1043EFE L 72. %2 L T Folch
TV Lo TA /¥ b= VBRI LAED
7o L& % Dowex] DX S 1 7 (BIEEE 1 ml)
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BI7LEDT, AF VBB YT T T 4 —
B THBELT:. 4 /¥ =) VBRDSY
#11%, fraction collector Z{#FH L, Berridge
DFED D> TIT, LTOIEETHR L2,
(1) distilled water 20 ml
(2) 5mM-disodium tetraborate/0.2 M-
ammonium formate 15 ml
(3) 0.1M-formic acid/0.2 M - ammo-
nium formate 30 ml

(4) 0.1M-formic acid/0.4 M - ammo-

nium formate 30 ml

(5) 0.1M-formic acid/1.0 M - ammo-

nium formate 30 ml
(3), (4), (5) kZzhZhinositol 1-
phosphate (IP,), inositol 1, 4-biphosphate
(IP,), inositol 1, 4, 5-triphosphate (IP;) %
BHL. 2L TCEITCEHEONIEZDNLT
Vpo1lmle), ¥YoFr—yaryIiJZ7AFy
— 4 ml ZIZWERY Y Frv—yavhvry—
(LSC-900) 122313, *H OBhE: 2 HIE L1z,
F7z, ThTNhOBEIEE D& &% phospholipidB
-Test BAFE (FE) THEL, HKETHREME X
radioactivity/lipid phosphorous mg T#&E L 7-.

i 2

Sy MERA 23 b =) VEEERERIC R
IZ ¥ moxisylyte, LiCl,
carbamazepine, metham-
phetamine O % 2 O £ 1%
Table 1 W/RL7z. 72, #
FHENAE I LRE R AW,
meantS. E. M. TEL p<
0.52HFEEZHY L LT,

1. v PREALS /b=
YEEEAHMRICEASET 3
receptor MDi&5t

20 A

107? X Radioactivity (d.p.m./Pmg)

DHIIC ay receptor DEEIRA antagonist TH S
moxisylyte I00mM 2 W T H 52 U ay
receptor % block L THBWIEE LB L2

% Figure 1 O X 512 IP,, IP; Tl control &

gL TCEEE X ko 7208, 1P, Tlid mox-

isylyte 100 mM 2 # 5 L 72139 BEREICETL

Twiz (Table 1) (P<0.05).

2. Sy PRASI /> =Y YIBEREHRICR
(¥4 Li, carbamazepine (CBZ) O&En
%RE

control, LiCl 1mM, CBZ 1mM, LiCl 10

mM, CBZ 10 mM, LiCl 10 mM+CBZ 10 mM

FhEN®RE L, IP,, IP,, IP, 5 THEg L

7z. ZOERIX Figure 2 WRL7-Zk QEE

Z1mM 2 L7:ER Tk LiCl 1mM iz nwT

IP.OEEREM2R® (Table 1) (P<0.01),

CBZ1mM ¥E&5 T2 IP,, IP;3EEZEX%L,

IP,kBVTIZiZ-o &Y LIZEEERRED O

o Tz b O OENEEEM2FE D 5 7z (Table

1) (P<0.1). #Z2TLiCl10ml, CBZ10 mM

2151 control L HER L T-& 2 5 1P, IP;1%

BEEZR o0, IPTREL S bERICH

fmLTwiz (Table 1) (P<0.01) &5z LiCl

10 mM+CBZ 10 mM % [FERHIc# 5 L CH# L

72225 LiCl110 mM #5., CBZ 10 mM #5.&

R IP.OBEELERE 2R D 7z (Table 1) (P<

0.01).

|:| Control

[ Moxisylyte 100mM

a B a,
agonist T# % noradrenaline
100 M T receptor % #il #
L, 2% control & L7z, %

receptor @

Fig. 1.

P2 IP3 * P <0.05

Control : noradrenaline 100 uM O &
(means = SEM., n=4)

Inhibitory effects of moxisylyte on Pl response to
noradrenaline in rat cerebral cortex slice
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Table 1.
cerebral cortex

N B ¥ &

E’Iﬂl

((B18% H3=

The influence of various drugs on inositol phosphate labeling in rat

Drug addition

Radioactivity in inositol phosphate (d.p. m./Pmg)

1P,

1P,

1P,

Control (noradrenaline 100 gm)

862.46+121.11

moxisylyte 100 mM
LiCl 1 mM

CBZ 'mM

LiCl/lO mM

CBZ 10 mM

LiCl 10 mM+CBZ 10 mM
LiCl 10 mM+MAP 10 mM
CBZ 10 mM+MAP 10 mM

580.05% 97.58*
2562.98+£583.84**
1347.73+241.55
2232.22+437.35**
1885.10+252.61**
1607.59+247.57**
1868.89+144.89**
3998.391+968.26**

583.42+£144 .41
733.22* 89.36
892.02+£258.24
737.391£127.84
750.96+ 45.78
787.57+ 81.05
741.14+ 92.22

1223.15+106.05**

738.53+£147.21

785.67£135.73
755.10% 51.66
748.05£198.90
667.59+215.65
690.95+ 96.68
697.90£ 97.52
700.47+ 98.23
1071.78+179.24*
644.01+ 95.57

IP, ; inositol 1-phosphate

1P, ; inositol 1, 4-biphosphate
IP, ; inositol 1, 4, 5-triphosphate

3. Sy AL/ b=
JoRERBRIECRE
T MAP O E D%
(Li & DEEE)

LiCl110 mM, LiCl10
mM+MAP 10 mM % Zh
FhgsL, 1Py, IP,, 1P,
ZPHE LI 2 %, Figure
30X IP, TRBEBEEIX
O SN Tz, 1P,
IP, Tl MAP 2#5 L 7:1%
I VBERICHINERET S L
W EER%E7: (Table 1)
(P<0.01).

4. v PREARAL /b=
JBEERBRCRE
T MAP+LiCl,
MAP+CBZO B E D
%t

MAP 10 mM+LiCl 10
mM, MAP 10 mM+CBZ
10mM DA /¥ b= >
EERIRICRIZTHES
control & H#R UIRET L7z,
ZDiER, Figure4 DX >
12 IP 2 DWW Tk control &
b U € MAP 10 mM+
LiCl 10 mM, MAP 10

107? X Radioactivity (d.p.m./Pmg)

* 1 P<0.05, *xP<0.01

CBZ ; carbamazepine

404

32

*
*

Fig. 2.

MAP ; methamphetamine
(means=S. E. M., n=4)

[ control
Il Lc
V7 Licl 10mMm

1mM

By cez
CBZ 10mM
E=] Licl 10mM+CBZ 10mM

1imM

Control : noradrenaline 100 tM D &
CBZ : carbamazepine (means =S.EM., n=4)

1P1

P2 IP3

1992)

* P <0.1

*% P <0.01

The effect of LiCl and carbamazepine on noradrenaline

-induced inositol phosphate accumulation in rat cerebral

cortex slice

40 -

32 1

107? X Radioactivity (d.p.m./Pmg)

777 Lici 1omm

LiCl 10mM + MAP 10 mM

Fig. 3.

MAP : Methamphetamine

3 **% P <0.01

(means = SEM., n=4)

The effect of LiCl and methamphetamine on nora-

drenaline-induced inositol phosphate accumulation in rat
cerebral cortex slice
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107% X Radioactivity (d.p.m./Pmg)

(:, Control

LiCl 10mM + MAP 10mM

Il 5z 10mM -+ MAP 10mM

c-GMP O &K = #HI 3 2
EVBPIETC|RE SN TWS .7
O S, ALY PRy
oYy —ThsA /¥ b=
V) CERERERICER Y
<, Li, CBZ, MAP®Z v
MRS ¥ b =) VB
KRR RIZTERA %L,
MatL 7.

receptor XK, H 50

IP, IP,

Control : noradrenaline 100 uM®#&  CBZ : Carbamazepine
MAP : Methamphetamine (means = S.EM., n=4)

Fig. 4.
azepine+methamphetamine on noradrenaline - induced
inositol phosphate accumulation in rat cerebral cortex slice

mM+CBZ 10 mM, HizEBECHENERL TS
D (Table 1) (P<0.01), :[EFRfIc, MAP 10
mM+CBZ 10 mM @ 5 23 MAP 10 mM+ LiCl
10mM IZHARTE S KERCHEMER P<
0.01) LTWwW3EWSEREHN. 2L TIP,,
IP; 272N ZFhAHTHS E control & L T
CBZ 10 mM+MAP 10 mM 3EEEIIR»-oT2
%, LiC110 mM+MAP 10 mM B\ TiZ IP,,
[Pt ERICEM (Table 1) (P<0.01, P<
0.05) LTwW3EtWwSHERZET.

% =

NERIBIE DRZBFEANOFEELIE, 20V

Y RZEBEOMRGEREC S DI, DOF
WAV R ARV Y vy — EIRITN2YEVE
BERBRERZEU TS, XAV R Ay Yy
— L THI>h T3 HDIZ cyclic AMP (%4
2V 7T /vy, 50 UBR) % cyclic GMP
(A 27V 27703, 5, Vo) 35
D, LiZZNThOERBRTHE7 T =V —
Fo 7 5—¥(AC), ZT7=v—hy 7 F7—¥(GO)
iU CHIEWER 2o vy Zr 3iRE 3 h
T3 99 % EEHREEHED—D>TH 5 CBZ
b, v MRYTTEZ2RWEBRICBWT c-AMP,

The effect of LiCl+methamphetamine and carbam-

IR L T, AkE
DOYE, B3 »IZYERIE

2EFL T, Ml EEF
Y 2HEEETH Y receptor
2 agonist BFEE L THIDH T
HENOEL Y Ay EYY
r—DBMEREZHRET L LW LIRS, Ty
MMPA 2 Y =) CERERE L 5-HT, rece-
ptor 2L TEL B Z LIIRENTEY , MO %
72 5-HT, receptor FlBc k54 /¥ h—nY
vIBERBICKIZT Li 0EEREDOIE DK
EVHHL. Ty MERA Y =) VIRE
% & adrenergic receptor & DEHRIZIBWT
% ay-adrenergic receptor 234 /¥ b —Y ¥
JEER LE L, a’-adrenergic receptor 77
ZV— by 7 T —¥REMHICEBRL T0 S
ZrivwbhTwns 2

4@, a B a, adrenergic receptor M
agonist T & % noradrenaline 100 M % {# F
L, receptor DRI E LTz, £ I Tar-
adrenergic receptor OEEE 2R T 5 HIWT
a,- adrenergic receptor @ 3% R B antagonist
T# % moxisylyte 100 mM Zf# A L IP, DERE
ZHi#g 7. Z % Figure 1 O X 512 moxisylyte
100 mM 2R L 72 5 53IP, DB B 2B VTR
5, a-adrenergic receptor DE#RHjagonist
2 & % IP, OHIHIZIER D & a,-adrenergic rece-
ptor 285 v MM A 2 ¥ b— ) VERERBR
CEELPRIZLTWS Z LR TE .

OXWCLi &4 /v =) VIREREROE
RIZBOTIIBZ  OF®EBDH Y, 7, 1971

* P<0.05
**% P <0.01
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£, Allison & Stewart X Li#51cX D I v b
% 3B myo-inositol BRI T B Z L 2RO
7z BETIRER, REREELERTT
4 U 72 IP; 1% phosphatase 2 & - T IP,~\, IP,
12 IP A IP 13 X 512 myo-inositol NERF SN
L5DTHIEHBRZENFNDOEETH S monophos-
phatephosphatase, polyphosphatephos-
phatase 203 2 JEREHIRUREEFRA 1 9~10 &
{£-G EZB3-PLC BIEAOMFITER" E03H 5 .
Z O monophosphatephosphatase O EE
By, REORBEDAT v 7 THS IP 05
myo-inositol ZAET 2 Z & THHKHERER DL
B myo-inositol FEZEL I L, Wb, Hl#
R B S T 3 AR OIEMEAL 2 HIEH L Tk
FREETHOTIR VL EHEINTWS. £
ZCHENE, BoREEFAESE L Jidh, Li &
ZEZEOHRIERE b 5, EAMURRIRE
BEL, ROTUIBHRECL > TOEIITH
5 EREDOERREBICN LT Li & OB R HESRE
ENTW3 CBZ 2ERHLTA /v b~V ViE
BRFBANOEELAIEZS, T LIC1
mM, LiCl 10mM & 3 IP,OFEELEREER
®, IP & myo-inositol ~DOFHEEHDEFAIZ
fesRc &7, FEff CBZ1mM, CBZ 10 mM
ZBWTIZ CBZ 1 mM Tk [P, 0FER{ER (P<
0.1), CBZ10 mM TIREEBELERE 2 Az, 22
TLiCl, CBZ ¥ 5 3FEEZDEDS5NT:10
mM O¥ERE TEB %17\ LiCl & CBZ %Rk
fER & ¥z 2%, LiBg, CBZ B LR
IP,OEELERE 2D, 2%V LiCl 10 mM,
CBZ 10 mM, LiCl10 mM+CBZ 10 mM, \»3§
hd IPWCEEBELEEERD, IP,, IP;ICIZER
Eirxhol. 2Ok, bLCBZ®BA /¥
=) VERBERBE RN DL (A, G &
B, phospholipase-C %) &% 52 5L dh
FURIP,, IP,, IP;OEBCELETETY
REBTRZVWEEDNS . LS -> THEN
TEHZBCBZ XL LR HRASHLDA
v b= VIRERBRCRIZTHEVSFLET
ZOTRZOPEHETES. CBZIZA /¥
—Y) VIRERBEICREEEE 2 Rn v SR

S/Id.l

((818% #H35 1992)

bHDLD, D WHITEAS /¥ h—=) VBBOARE
L tHEsmErHLTE Y, IP,, IP,, IP; 21
ZFROELEA TRV TREVLLERD
ns.

DX 219814 Barkai 3o v v 277 =¥
SUTCHEZIESE, 7Y MEP® myo-inositol
i3 dose dependent IZEEAEN EH L TL % Lk
LTBY,2 EEFO—>THXHREEER%
FL, BHSEBOFRERRICLHAVoND
MAP 23%2i2iA4 /¥ b=V VIRBER#HRCE
EBERIZLTWBEDTREVWNEEZ, TOME
H% Li LB URET LTz, 2 0fsE, 1P Li,
Li+MAP & d CERBICAES LEITkho 28,
Li+MAP T IP,, IP. B3 EEWEINEE 2R
Oz, ZOZELS MAPRA /Y =Y~
JEER#HREZASLORELE THEI LS
I EBHEINT. CH-IPBREEESIPSER R
EICEHR CEBEOBMME R LIz v D
bdHY, FEFETIEA /¥ b=V CIRERE
ROBREBEET 5 Z LITEE I MAP OfF
Ak sR#omExHacEzrzohsl L
Bbhd. 2L TZOHEINLEREF 2]
AL T, Li+MAP, CBZ+MAP TEE®21T-
7z. 953X CBZ+MAP TiX IP,OFEHLERDN
2D 5h, control 721 T% { Li+MAP & kb
LTHERBLREETH -z, L 2THDIP,, IP;
HTH5E Li+ MAP i control LHERLTH
BELEREERD 0L CBZ+MAP TI3E
BZERBOThoT. ZOFR»5H, Li L[HE
BRCBZ2BWTH Ty MERA /¥ b=y~
BERBRCEASLORENFEET S EEDb
na. ZLTHEDA /¥ b=V VIREAH
EY (AP,, IP,, IP;) OEFEDEVLLS, 1P,
» 6 IP,~, 1P 5 IP~, IP%» & myo-
inositol ~DRFICEART 2 BRI T 5 ED
BixoTWAHBRESHETE 5.

2% H MAP+Li CIP,, IP,, IP;OEE X
IR S, fEk Li OfERAF L L THREDDH
% inositol polyphosphate 1- phosphatase,
inositol ‘ monophosphate phosphatase i /5 &
ST AEEERR#EESNS. Zhual, CBZ
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¥ MAP+CBZ iz 8WT Li+MAP & HEL T
IP, DR ZEBOH HERIFTADIHOD, IP,,
IP, 3 EBRLEBE2ADTBLT, ZDIELH,
EEYE L LT in vitro TA / ¥ +—v ) VIBE
REBPEY) % LB L 7o b SR Tl b 2 28
X b inositol monophosphatephosphatase 1Z5&
WEHZE/EASSH D, inositol polyphosphate-
pho-sphatase [ ZEEE RO T RWHE
HEI .

ez swchizy, THE, IKREVIIW )R
ERIKEBHRIESE EUEHERICEEOEERT
b, BEESEEVWPORER RTRHEMZIIC
B, BRI SIS E BN, RI
vy —, BT Y VY —OERE O ZEBICEH
JLET.

BE, KRXOES X, H21E HAEHHREEY S
(19914E11H 1 H, Hifd) BV THRL:.
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