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Dopamine metabolism in the rat brain nuclei after chronic treatment with

verapamil (V), methamphetamine (M), verapamil with methamphetamine (V
+M), reserpine (R), verapamil with reserpine (V+R) and the control (C).

Brain DA DOPAC HVA DOPAC+HVA DA+ {DOPAC+HVA1/

region Treatment DOPAC+HVA _ [DA+DOPAC+HVA]
n

N.ACC c S 191416 === 163+ 6--- 30#3--- 193+ 9---  384+18--- 0,6140,03---

v 6 102+13D*D 159415*DD  28+3*D* 187+17*DD  290+26D** (,65+0.03DDD

M 5 1123110D- 1824 §**-  3633%¥- 2183 9%*-  330+17**- (,66+0.02DD~

VM S 60+ 7D-- 217427%-- 3842%-~ 255+29 D-- 315+24D-- 0,80+40.04D~-

R 5 67+10D-* 179411%-%  2231D-D  201+11*-* 267+ 9D-* (,75+0,04D-%

VR 6 72¢10D--  226+23D--  3243%-- 259+26D--  331327*-- 0.78+0.03D--

STR c 5 479431--- 281413 -=c  5545--~ 336415---  815438--- 0.4240.01---

v S 406+42*DD 242414 %** 5641 **T 298+15***  704333DDD  0.43+0.04*DD

M 6 331+35DD-  295¢14%%-  §146%*- 356+18**-  6874+50DD- 0.53+0.02DD-

VM S 205+18D~-  302435*--  5542%-- 358+37*--  563+30D-- 0.63+0.04D--

R 5 249+29D-* 318317%-D 58+3*-T 377317*-D 625+39D-D 0.61+0.03D-*

VeR S 215327D~-  245320*--  4742%-- 292521*--  506+25D-- 0.58+0.04D--

scn c 6 8.341.3~-= 7.741.4--~6.321.4-"- 13.9+2.8--~ 22.2+3.6"-~ 0.62+0.04--~

v 5 3.020.5T** 4.6+0,8*** 3,150.5*Tt 7,771.1%t* 10.741.16t* 0,7140.05*D*

M 6 12.234.7%%-10.5+2.9 **- 5.931.3%C- 16.4+4.1%c- 28.5%8.6*%~ 0.62+0.04%*-

VeM S 3.040.2C-- 3.6+0.5¢-- 1.250.2C-- 4.5+0.5¢c-- 7.5+0.6C-- 0.59+0.03*--

R S 2.5+0.3C-* 5. 751,1%-% 2,230.2C-* 7.931.2%-% 10.4+1.4t-* 0.7520.02D-*

ViR 6 3.040.6T-- 4.5+0.6%-- 1,550.3C-- 6.0+0.7c-- 8.921.2C~- 0.68+0.03%--

AMY c 5 3.121.2--- 0.940.2-~- 1.340.4--- 2.1+0.2--- 5.2+1.2.-. 0.48+0.09---

v 5 1.8+0.4%%% 0,940, 3%%% 1, 150,1%*T 2.020.2%** 3_8%0.5Swwx 0,54+0.06***

M 6 10340, 2%%= 1,550.2%%~ 1,150.1 %%~ 2,550.3%%~ 3,8+0.4%%_ 0.67+0,03D*-

VM 5 1.040.2%-- 1.230,3%-- 1,150.1%-- 2.240.2%-~ 3.2+0.4%__ 0.7130.04D-~

R 5 0.7+0.1%-* 1,430.2%-% 1,050.2%-t 2.4+0.3*%-D 3.2%0.4%_* 0.77+0.02D-*

V4R 5 1.240.5%-- 1,240.2%~~ 0.540.1%-~ 1,6+0.2%-- 2.8+0.5%__ 0.62+0,09*-~

All drugs were administered from the drinking bottle (p.0.). The mean doses, through 2 weeks treatment,
of verapamil, methamphetamine and reserpine were about 10.7, 10.4 and 0.43 mg/kg/day, respectively.
Values are given as pmoles/mg protein (mean+SEM), except the ratio of [DOPAC+HVAVIDA +DOPAC+
HVA] The left symbols represent the significant differences from the control. The median symbols re-
present the significant differences from the V+M group. The right symbols represent the significant
differences from the V+R group. D: p<0.01, Duncan's multiple comparison. T: p<0.01, t: p<0.05, Stu-
dent’s t-test. C: p<0.01, ¢: p<0.05, Cochran-Cox test. *: not significant. —: not compared.

LU IMIBE, %7 {[VI+{R]} #izxfL [V]
HLUV[RIBIZOVTITo 20 ({IMI+[R]} B
DERIITRET.)

1) DARBIZRIETHE (Tablel, 2)

a. [VI#&5#

DA &3 N. ACC & SCN @ 2 > D% T
ERLETHFH5hN, STR, AMY &SN
ZBWTHETOHEmAERD 5h. DOPAC
X RDDATET LA, HVA LIZ2TOHE
HTEIRAD Sk b7 SCN Tid DOPAC
E LU HVA ILEToMAm S 5 h =, #e
HIZIZAE TIEZ»-7-. DOPAC XU HVA
DEELENVEETMEL TH/- [DOPAC+
HVAJEIZVELEEBD s h B o lo. —F,
DA, DOPAC 3 U*HVA DERAMEL T
B5h/- [DA+DOPAC+HVA]f#izi, N.

ACC, STR, SCN # & U VMH TET #33%
5h, [DOPAC+HVAVIDA+DOPAC+HVA]
iZ, NNACCHE LU SN TER%2RL /-,

b. M58

DA &, N.ACC, STR #& U VMH T&
TL7. DOPAC & HVA D B3 #IZE(LHER
Hohd, -HENHTH3 [DOPAC+HVA]
fHEERRIZE LEA S /2. [DA+DOPAC
+HVAl i3, STR & U VMH THEEZE
TorRH5n35—%, [DOPAC+HVAVIDA+
DOPAC+HVA] kix N. ACC, STR, AMY,
VMH &L USNIZEWT EREZRL /=,

c. [RI#58

DA &i3, N.ACC, STR & U'SCN THE
IZIET L 7. DOPAC &i%, LH © & T %
~L, HVARIZ, N.ACC & SCN ¢IET %,
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Table2 Dopamine metabolism in the same rat brain specimen as indicated in Table1l.,
after treatment of the same dosage schedule as sited in Table1.
Brain DA DOPAC HVA DOPAC+HVA DA+ {DOPAC+HVA)/
region Treatment DOPAC+HVA (DA+DOPAC+HVA]}
n
LH c 6 4.940.5--- 3.8+0.3--- 1.2:0.2-—- 5.040.3--~ 9.8+0.7--- 0.51+0.03~--
v 6 4.5+0.7*DD 3,130.5%Cc 1.1+0.2*DD 4.2+0.6%Cc 8.7x1.2*cc 0.49+0,03*DD
M 5 7.521.2%%- 6.4%1,4%%= 1,950.2%*- 8.331.6%%— 15.8+2.5%* 0.52+0,05*D-
VeM 6 9.432.1D--10.1%1.5C-- 2.3%0.3D-- 12.431.8c-- 21.8%3.5¢c-~- 0.62%0.01D--
R 5 9.621.,9D-*12,6%1.4C-* 2.8%0.1D-* 15,4+1.5C-* 25.0+2.9C-* 0.63+0.04D-*
VR 6 s.eg.q*—-m.s;z.%-— 2.2%0.3D-- 16.8+3.2c-- 25.6+4.4c-- 0.65+0.02D~-~
VMH c 6 5.240.6--- 2.740.4--= 0.940.2 -~ 3.6+0.4--- B8.8+0.7-=~ 0.41+0.03---
v 5 3.520.6%t* 2,350.2*TC 0.5+0.1 **¢ 2 8+0.2*Tc 6.3+0.7t*t 0.4630.04*DD
M S 2 0+0.2T*- 2.950.4*%~ 0.520.1 %%~ 3.5+0.5**- 5.4+0.4T%~ 0.6330.04D*-
VeM S .520.2T-- 3.8+0.2%-- 0.7%0.2*%-- 4,5+0.3*-- 6.0+0. 4'1'-; 0.7540.03D~-
R 6 7 S+2.1%-*12.433.9%-% 2,270.7%-% 14.6+4.5%-* zz 0+6.2 0.6750.05D-*
V+R 6 3.330.5t-- 5.9%1.3%--1,850.4t-- 7.8+1.3C-= 11.0+1.4%~~ 0.69%0.05D--
SN c 6 15.043.6---16.141.6--- 3,940.5--- 20.0+2.1=== 35.1+5.5--= 0.60+0.04--~
v 6 9.8%2.0%%%17,133. 4%%% 5.4%0.5%*D 22.453.8%*D 32,3%5.7*** 0,70+0.03t*cC
M 6 10.7%1.1%%_19.753.1%%_ 4,850.7*%= 24.5+3.7%%- 35.254.8%%- 0,69+0.02t*-
V#M 6 10.7%1.2%--20.8+2.3%-- 3.8+0.7%-~ 24.652.4%-- 34.6%3.5%-= 0.7120.01¢-=
R 6 7.350.8%-%22.432.6%-% 7,151.1D-% 29.4+3.2%-* 36.8+3.8*-* 0.80+0.01C-*
VsR 6 9.320.8%--25.3%1.7D-- 7.8+0.4D-- 33,152.0D-~- 42.552.7%-- 0.7850.00C-~-
RD c 5 z 140.4--- 1,6+0.2--- 1.240.2--- 2.8+0.3--- 4.8+0.7---0.58+0.04 -—~-
v 6 L9%0. dawxc o S¥0.1D** 1,550, 1%%D 2.0+0.2%** 3.9+0.5%*D 0.53+0.05 ***
M 6 2 240.6%*%- 1,2+0.2%%= 1,750.2%%- 2,.9+0.3%*%- 5.1+0.7*%*~ 0.60+0.05 **-
VeM 6§ 2.270.2%-—- .o:o.so-- 2.0%0.3D-- 2.9%0.5%-- 5.1+0.5%-- 0.5620.05 *--
R 5 1.4+0.2%-£ 1.3%0.1*-* 1,6+0.2%-D 3.030.1*-D 4.4+0.2*-D 0.68+0.03 *-*
V4R 4 0.7+0.1¢-- 0.830.2D~- 0.7+0.2%-- 1.5:0.4D-- 2.2+0.3D-- 0.6420.09 *--

The same legents as sited in Table 1.

Table3 Serotonin metabolism in the same rat brain specimen as
indicated in Table 1., after treatment of the same dosage
schedule as sited in Table 1.

Brain SHIAA/
region Treatment SHT SHIAA SHT+5HIAA [SHT+5HIAA]
n
N.ACC c 6  9.5+0.6--_ 21.9s1.3--- 31.4241.3--= 0.7040.02---
v 6 6.5+0.5DDD 20.7+2.1*D* 27.2+2.4*D* 0.76+0.02DDD
M 6 4.4+0.3D*- 23.7+2.7*D- 28.0+2.9**- 0.84+0.01D*-
V4M 6  3.6+0.4D-- 30.8+1.7D-- 34.431.7%*-- 0.8950.01D-~
R 5 4.440.4D-* 31.2+0.5D-* 35.61.0%-* 0.88+0.01D-*
VR 6  4.0+40.5D-- 27.1+2.1%-- 31.2%1.9%-- 0.87+0.02D~-
STR c S  6.8+0.2--- 23.5#1.5--- 30.3+1.8--- 0.7720.01-==
v 6  5.3+0.3%%* 23.272.5%*D 28.5+2.7*** 0.8150.01DDD
M 5  4.5+0.4D%- 25.6+1.5**- 30.1+1.8*%- 0.85:0.01D*-
VeM 6  4.330.5D-- 27.7+2.8*-- 32.133.0%*-- 0.87+0.01D--
R 6 6.1+0.9%-D 36.332.7D-* 42.4+3.6D-* 0.86+0.01D-D
V4R 6  3.620.7D-- 31.5+2.0D-- 35.2%2.5%-- 0.9020.01D--
scN c 6 15.281.4--- 37.142.9--- 52.3:4.1--- 0.71+0.01 -~
v 6 9.3x1.2T*t 31.753.5%%% 40.9%3.6D** 0.77:0.0377"
M 6 10.6+1.9%%- 33.752.0%%- 44.2+3.2%%- 0.7720.03%
VeM 6 6.920.7T-- 34.331.8%-- 41.2+2.5D-- 0.8330. o1T-‘
R 6 5.6+0.2C-* 32.3%1.3%-% 37.8%1.3D-* 0.86+0.01T-*
V4R 6  6.2+0.7T-- 28.832.7D-- 35,0+2.5D-- 0.85+0.01T-~
AMY c 6 13.820.9--- 21.4+2.1---35,2+2.5--~0.60+0.02 -~
v 6 10.4x0.8DDD 19 4+2.5*** 29.8+2.1D*D 0.6450.04*cT
M 6§ 7.5+0.6DD- 16.4+1.6**- 23.951.5D%- 0.68+0.03%c~
VeM 6  5.5+0.5D-- 19.6+1.5*-- 25.1%1.9D-- 0.77+0.01C-~
R 6§ 4.8+0.7D-* 19.0+0.8 *-* 23.830.5D-* 0.80+0.03T-*
V4R 6 4.030.6D-- 17.7+1.2 *--21.631.6D-- 0.82+0.02C--

The same legents as sited in Table 1.
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¥ N.ACC ¢ STRiz&sWTIETL /. DOPAC
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Table4 Serotonin metabolism in the same rat brain specimen as
indicated in Table 1., after treatment of the same dosage
schedule as sited in Table 1.

Brain SHIAA/
region Treatment SHT SHIAA SHT+SHIAA [SHT+SHIAA]
n
LH c 6 7.441.0--- 28.640.7--- 36.0+1.7--- 0.80+0.02-—-
v 6  6.9x0.9**¥ 25,533.0%ct 32.453.5*D* 0.78%0.02*+p
M 6 8.7+40.7*%- 32.8+3.6%%- 41.6+3.4%%- 0.78+0.03**_
Vet 6 7.2#0.8%-- 36.7+0.9T-- 44.0+1.6%-- 0.84+0.01%_~
R 6 5.7+0.7%-%* 34.2+1.8T-* 40.0+2.1%-* 0.86+0.01*_»
V4R 5  5.7+0.4%-- 34.5+1.8t-- 39.6+1.9%-- 0.86+0.01%_—
VMH c 6 11.1#1.1---23.443.6--- 34,5+¢4.3--- 0.67+0.02 ---
v 6  8.9%).0%*% 26.3%1.8%*% 35,3%1.8%** 0,7550.03DDD
M 6 6.420.4D%- 26.6+2.1%%- 33.052.3%*- 0.81+0.01D*-
VeM 6 5.920.9D-- 32.8+2.1D-- 38.7+2.8%-- 0.85+0.01D--
R 6 11.6+1.7%-D 41.7+3.8D-D 53.4+5.1D-D 0.79+0.02D-*
V+R 6  7.1%0.8D-- 32.9+3.2D-- 39.9+3.3*-- 0.82+0.02D--
SN c 6 9.5+#3.9--- 55.5+45.1--- 75.048.7--- 0.75+0.027="
v 6 13.4%).5%tt 55.2+6.6*** §8.6+7.8 *** 0.80+0.01D*D
M 6 12,2%0.9%t- 56.5+4.9%*- 68.7+5.6%*~ 0.82+0.01D*-
VeM 6 9.6+0.6%-- 56.5+3.1%-- 61.0+3.3%-- 0.84%0.01D-~
R 5 9.431,3%-* 51.436.5%-% 70.327.7*-* 0.87+0.01D-%
V4R 5 8.5+0.8c-- 60.9+2.0%-- 74.7+4.3%-- 0.89+0.01D-~
RD c 6 36.240.8---56.141,1--- 92.3+1.7--- 0.6120.01--~
v 6 33.2x1.6%tC 49,931.4Tt* 83.1+2.3T** 0.60+0.01 *TT
[ 5 31.8%1.2Tt- 61.3+1.6t%- 92.4+2.3%t-0.66+0.01 T*-
VeM 6 25.2+2.3C-- 57.442.0*-- 82.6+3.0t--0.7040.02T--
R 5 17.5+0.7T-C 58.2+2.2%-* 75,7+2.6T-* 0.7740.01 T-*
V4R 5 15.4+0,2C-- 57.7+4.8%-- 71,3+5.5C-- 0.78+0.01 T-~-

The same legents as sited in Table 1.



1076 #® H

[RIEizx+ L T {[VI+IR]} #Tid, DARI
RD & CET 2389 5 h/z. DOPAC &i3,
STRizxWTETL, HVA&i3, STR, AMY
HFLURDIZEWTET%, NACCiZHWT
12hn%RL . [DOPAC+HVAIf&iZ, STR.
AMY 8XURDIZHEWTETHFEAD SN,
[DA +DOPAC+HVA]f#ix, STR & RD iZ
HFOWTET%ERL % [DOPAC+HVAVIDA+
DOPAC+HVAl kX, WFhoapflicsnT
LERRIBDSNE Ao,

2) SHT A#IcRIFTHE (Table3, 4)

a. [VI#tE#

[VIBizHWwTis, N.ACC, SCN #4U' AMY
LEWTSHT ROARLZETHFAD S,
5HIAA X, RDDATCET%2RL =, 5HT &
SHIAA #EVBETMRELTH N/ [SHT+
SHIAAlf&IZiX, SCN, AMY & U'RD It &
WTETAEDS5 N, £/ [SHIAAVISHT+
SHIAA] ki3, N.ACC, STR, VMH & £ U
SNiZHEWTERL /-,

b. (Ml#E8

MIEicHTik, SHT £13, N.ACC, STR,
AMY, VMH, RD @ 5 #fLizwT SHT D
ETHAAH5N-, SHIAARIZ, RDiZH\T
DHEML 7. [SHT + 5HIAA) fix, AMY
ZHEWTETLA—%, [SHIAA)/[5HT +
S5HIAA]HiZ, N.ACC, STR, VMH, SN, RD

IE

|

DE5EIIZENTERL /2,

c. [R5

[RIZIzHWTIE, N.ACC, SCN, AMY &
LURD izsWT SHT BA®A L 2. Zhic
xf L 5SHIAA #i2i3, N.ACC, STR, LH& &
U VMH 2w TiHmAE@Bw s h’-, [5HT+
S5HIAAlfflX, STR& VMHIZEWTERL,
SCN, AMY & U'RD I2BWTIMET 27RL,
[SHIAAVISHT+5HIAAlIY, LH%2KR< 2
THOHMNTERL 7.

d. [V1& MloBrR#S 8

[(VIBizxd U T {[VI+IM]} # T3, SHT R
1 N. ACC, AMY, SN & & U RD D &#{ric
HFWTETLZ SHIAA &itid, N.ACC, LH,
RD @ 3 & cHmA@BD 5/, [SHT +
SHIAAMAIX, NACCH LU LH zHwWTLE
# L, GHIAAVISHT +5HIAA] #i3, N. ACC,
STR, AMY, VMH # X U'RDIZHEWTERL
7=,

IMIgtizaf LT {[VI+IM]} #Tix, SHT &
12 AMY, SN #&U'RD LW TETERL.
SHIAA B3, N. ACC iZH5W\THMAED 5
hr-. [SHT+5HIAAMEIRR RD DA IZHEWT
£TL, (SHIAAVISHT+5HIAA] ki, AMY
IZEWTERL L.

e. [V1¢ [RIDBtRS 8

[(VIgizxf LT {[VI+{R]} #Tl%, N.ACC,

Table5 GABA contents in the same rat brain specimen as
indicated in Table 1., after treatment of the same
dosage schedule as sited in Table 1.
Brain region
Treatment n N.ACC STR SCN AMY
c 6 42.420.8--- 35.441.0--- 65.8+1.3--- 26.4+0.9--~
v 6  46.2+1.5t** 37.641.6*** 65.5+1.5*DD 24.3+0.5*t*
M 6 41.3+3.7**- 39.441.0%%- 66.342.8%D- 22.341,1t*-
VoM 6 51.3+4.4%-- 40.9+1.7D-- 58.151,2D-- 20.8%1.1T--
R 6  49.441.6T-* 39,242.0%-* 59.940.9D-* 18.1+0.6T-*
V+R 6 50.0+4.0%-- 40.1+0.6D-- 57.331,8D-- 21.2%1,4t--
LH VMH SN RD
c 6 52.241.9--- 51.341.4--- 66.2+5.3-~- 23.5+41.1 --—
v 6 47.222.5%%% 54.433.2%** 64.457.9*** 21_4+1.0*DD
M 6  53.7£3.3**-53.323,1*%% 75.723.2%%- 18.9+1.3D*-
VM 6 54.0+1.6*--51.130.8%-- 73.3%3.1%-- 16.440.6D-~
R 6 48.7+3.0%-*52.4+1,3%F-% §9,043.0%-* 15.750.9D-%
V+R 6 51.140.7*--50.3+3.3%-- 73.8+1.6%-- 16.3+1.1D—-

The same legents as sited in Table 1, except the values. (nmoles/mg

protein)
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SCN, AMY, SN XU RDIzsWTS5HT &£
MET%#RL7=. 5HIAA®RiX, STR& LHIZ
FLTHMNL /-. [SHT+5HIAAL i3 AMY
IZBWTEAD LA, [SHIAAVISHT +5HIAA)
Hiz, SCNUSAOLTHSMIzEWT LR
Zbohi:,

[RI#izx L T {{VI+[R) # T, SHT E
i STR, VMH, RD ® 3 &Iz TETL,
5HIAA &1 VMH icsWTET L [SHT+
S5HIAA] ffix, 139 VMH GIET%RLU 7.
(SHIAAV[SHT+5HIAA] Hid, STR & W
TERAL.

3) GABA 12544 2828 (Table5)

(V13512 >TN.ACCIz#173 GABA &
L 7. IMJ#5125-T AMY XU RD
HWT GABA BOETH»ED 5z, [RI#%
512k -5>TN ACC iz T GABA B A440
L%, SCN, AMY #LU'RDiZEWTET
L 7.

IMIBIZxt L T {[VI+HIM]} B TiE, SCNIC
HWT GABA BOET AR 5 /-,

3. TgEL Y XA

(VIS5 L3 THENER, SENES
BCeBEshgh» -7/~ T [VIHEIZLS
T, 7y MBI 3EHI I bDF - —
LEZSNTWASCNIZEWT, DA & SHT
BOBETHARDSNZL 00T X LIEE(L
Lahor. IM] ZEN & BISEIREIZT 5
A5 NTWAY ', SEIDERT 1 FERE
23t L T301%DITEIRIEMARD SNz, [M]
VI HRRET 3L, #E5MBSHE LD
24B5R 27 3 1IEE D TUE GTEREEDS71%), ¥
Zbb [MIMEBDVIIC & 3tHmERIREN
7. —#, [RIEEIZE-TIE, [V] EEHRRIZET
BROELIIED ShT, M) 12k 28158
HLTLHBRA SN o Tm,

= =

FHRETIE, [VIDoeHREIZLZ3ELLT
HFIRE 7 3 Y RBICRIETHE SR L 28
%, N.ACC & SCN D 2&fr % izE/ 7 3
YORPHHLN, [VIFHRIEE, 73 K@
AR RIET 2, BEUZOERICIZINE

WBIRMESHBZLARE N, Doran 5¥ i
EMZVIZ&O#EL 2B, [Viezon
SR S#HY T H 3 norverapamil D&M & &
UtaiehisBR B AR hEZ v 5, X
ABITOFELZTREL TVs, [VIIZEEEEY
KThazehbd, FHEOLERIE VIO
Wixt+ 2EBEREEL S LA H%kS.

fERDEREMFAEA, S, (VHIEBLMKREYE
ANTILFy vy ANVOBREERAL2AL, Z0
REE/ 73 HEGEWER OB EEER A
haLAlshTn3, —4, IMI#LU[RIIZ
HNYILF Y ANIEE LBV ENEFNE
BHILE/T7TIVRIBEREET I LAHS
htws, [VIoERIZZNEY 2 Ml &V
[R] &ML 2455, MEAICkVERIZH B
LD, ZThs LITASHIZIBLEH>TWVAZE
FrREhi, T4abb, 3EMEELTE/
7 I VRETER R s he s, (KMEMmL,
IM] 512 &k > THEME R L RSB H 1,
[R]#%5Ti3 SHIAA B3N %R+ EB0L AR
bohni, —4, [VIETRIRDIZHSVWT
HVA & SHIAA @& IZBL ¥ 5 nl +
ZbhbMIDERIZE, 73 v OKREFIADE
#, RINERIZE/ 7 3 Y EFEOMEE X MH%
LTWwAZ LB A&RTH- /. oA,
(VID#HEIZ& - T, REARIRMIZE, T 3
YHRERMAOETE, EAKET: 4T/ 7
IVITERDETHRE AL HET I LN
T&/-. -

M]#54 [V]1® DA KB RIZTR2EIE,
IMIBEIZH L {[VIHIMD B2 T3 Lick
D#Rit+5&, DA, DOPAC 58X UF HVA »
BAZTHhEFNET2RTHMUFfBDSNE &
i [V1i2k 5 DA o #ps] & SalisifeR
DEERLEZ SN, BRRIC [RIBERAERES A V]
? DA KB RIFTHEE, RDIZHEWTDA
BDETE, HVAD STR 2 & 38hIIZHIT 3
BETHAA6N, DARKREEERDOIEITHSZ
LARBgENE, ZhsDERS,S5, IMI*I(R]
DV]E OB EE, [VIBHEE & gL,
DA BEIRI A EIRZ - /- 2 & #RTTHEMS
FEZ LN

(V1D in vitro \= &3 2{ERIZML Tid Yarom
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519 4 EEMRAICEWT, RoBICL-T
FRans DA B [VIFIMIZ &> TRERK
MR AR EZLEREL TS, 7,
KESERE >+ 7 /=4 &R 7- 60mM KCL &%
MANY Y LRDABERIIBVWT, [VIOHR
mas, AN I AOMNRAHEMEL LTS
WEO L 55, Zho3AUEROBRTHS
A, SEE S5 N - BMEROKRL [VIOKL
HEERORREEZ OGN,

[DA+DOPAC+HVA)f#i¥, »3—ENH
MizsnwTERShi{#tshi: DADKBME L
Tz 3L, DABRREHOEICEAROKER
NIELEZBZLHTRETHS. DASKE
HEEBETH 3 FU L v RBCEBEEEMEITK
FLTWwEH, [VI#512&Y) [DA+DOPAC
+HVAMEAET L 28 B d sz bid,
ENSOBNTFOL v RKBEBERICAT T 4
77 4= K5y 7m0, DA SRAME S
hi-Tred Rk s h . —%, [DOPAC+
HVAVIDA+DOPAC+HVAlt %, WrsRMEE
»o—ERM DT> TEEEN: (KL EH
7- DA BV » 3 —EHRICBWTERK & hKH
&h7: DA 01 £ £ 2, DA O&REPK
HEMOMBE LV L ABEANOBITREHS—E T
bBLRETZE, 2D DA DKREENIE
Bizixn33¢E2605, [VIHBREHTIIZ
OfEA, NNACCBXU'SN TERLZSN, &
REOVETLS, COBEFEMLAZLDLEZ
sh7:., SHT IZBAL T4 DA L [EfkIC [BHT+
SHIAAJMEIRESNRENIEE L E2 503, [V]
#5112 k->TSCN, AMY 8L URDIZHEWT
COEMPETERLAEZELS, Th5DEHMY
TS5HT DEAKEHET U 2o hgtd ARk &
7 (A

AN LEREDE, 7 3V ESKRIZHT
BAEMICBIL T, Arita 517 2, $EKTE A
74 XA BV T2 fEEX 3, 4-dihydroxy-
phenylalanine (DOPA) &8 A [V1i2&k->T#p
flan-Z e 2RELTWS, —H, nvivoll
HFIFBE/ T I VEARIINTAERERETL
7-$&134 % . Pileblad 5¥ i, dihydro-
pyridine FMKIZET 5 ALY T L F ¥ AN
FEEHITH % nimodipine N BHHREERIZH

E

W, FO¥ v kBBEREE2#EET S
NSD1015$%5-12 & 5 L-F&EKT I / BIER%
B EFAERM TN DOPA ¥R 28IE L,

2 DESERIZEY L2 LS5, nimodipine
12 DA ARPEER A GRET M 2 RS L
Tw3., A%EEII nimodipine & 122 % 57
BT AVI&EREL, LArLBRS5ERT
bHolH, k5DERLERKIZ, DA SROE
TERETIHEREEZONT.

ZNSBEORBLARREDOERERET S
&, [V1icit, DA LU SHT OB pHE & £
SEOMEWERNTEE S, Zhizk->TDA
HRUSHT EESH 2 HHIT 2 HmEic@eT
VAT EZ SN 3, LA LEHF5, 46H
NDEBRERD I BT, WEMICL-TIEE/ T
IVOETAAD Y, ZhHF(VIOERE
EROER L DS, RESPSFTbRTWIKE
WO _KMEROER 2 D H S EIDERER
PLIIEETE L Do 7=,

[V13#%5124& 3 DA DETIE N. ACC &£ SCN
i2HWT, £/ 5HT D{ETIE N. ACC, SCN
FLUAMY TH 5N, ZOERICIREAMRIR
MABSN, HNITLF vy ANDOHIEIIHE
BHHAAEESRET AR TH-=. B
¥ LF v v A NEERORESEHNO S ML,
nEOFHLIIL—HLETvwEEhTHD,
dihydropyridine %7 VS 7 A F v ¥ A VAE
A& ¥ 3 nitrendipine # V&~ Fizl74—
M3V ATTT7 4 —DERTIR, ZTOEEEN
2, >FTADEBELENE BT 30 %ER
L d38EY 55, ZhIzsLT4HRIE
Sh7(VItk3E/, 73 REDBEMIIZL
ZFHEIR, BMEZITHEIT ISR BRI
+7A) DEEIZ &L 3 [VIEASMOMEE (£/
7 I v EREE S 3 VI ERIEIOWTRIZE
5+ 2320i88) &, [VIRAHAOFHRED
MR, HAVIF[VIERRMENE, 7 IV HRH
ST AINY I LF v v ANDIEESETH
T3z LATRELEZ SN,

in vitro \Z 5V T [V]iZ GABA 1L T,
Na* K771 GABA BXNAAL 4BAE T 3¢ 15
BEHIHS. LAIAL movivolz&1T3[VID
GABA st T2 B 2RI LG XLV, &
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MEZENTIE, [VI8%E5izk 3 GABA
DA N. ACC TR 5 h /. ZhiZ[FEEA
TEHE SN/ DA & 5HT OBV L EFRMOE
EThH3. ZOERIIIVID GABA (233 3
BE#FEERAD, 3VITHERMKLE L T k8
IZEBZS=LDH>»TBTH 3.
[ViosrghRICRIETHZEIZ, 4ENREE
TRERsh L h o725, M) &OEBRS5E
12, 4BFEIC O 2B EH B S M]
BEHIZLDA YL — 57— LD TFTRDPEIZ
ERLT, TEIVALE2ELs¢30 LELS
hTway, 4RDFERIE, [VIHVEH) XL
DAL= —-D5DER%, £/ 73IKH
DIWFNC & > TEBTL, M] DY X LEHER
BREL TR TR SN, AT LF
v Y FVHEEROITHIRIETHE LR /-
|E12H % v A, Pileblad 5® 13, = x1z
nimodipine % #5-L = [RIc, 78—V v 5
L& 2BEHHFMEI SN LERTWS,
(VIR s RIE, fEREIZLMERIIHNT
53D Th-75, RiEZ HIRY, HEE? %
CpifaEREIINT AICHLEA SN B L)
i2%->Tw3. Dubovsky 513% 9/®iz[V]%
AOWEERE2ITY, B Th-oLLTVAS,
Z IRDAEAIL, FEHH BN, tua b= AR
R, JVTFLF)URFHELEE/TIVIZH
HELEBELVEEIRTWS, SREIOERH»S,
(VIZFPRE, 7 3 7iFHDIHREFE LTOT
AR E N, LA 2 OERICAERALERYE

X

HHRohIZEhs, ELILEXREEIRADE
HEHFERE shhiE, 2 )RDHEERNDEEER,
ESICARL Z 5 IRIERIEE 2138 L WiiR(E
AEDORARANDELF RSN S WREEF H 5.

& ]

(V] 184580 T v MEKL Xz
3/ T7IORBICRIETHESLY, M] (R
LHEBLTUTORERB ..

1) [V, BEBALIZ & MERICHB A A 5
h, BEBALRINESH S e REN, [VIIC
ZOEIRBIRENBZZELS, E/TIV
DBRHBIZEBET3ANY Y AF v v AN, b
HiZ, (VIERRMEDY 77 5 ADEEDTHE
X WN F-F (WAl

2) [ViIofiEEe /73 v Rz 3R
i, MIs&URIDEREEBTAZLICK
- T, REPALRINEAH 58, ZEWEBLED
PEIZ 5 CIZEAROIMEE TCILEIREY S
WEL FORBEROBEMLERSTREN.

El 23

BiE¥3 a2 B MR LB £
L-EREREGRICRE L sMERRTIL LI,
EEFROBEZIWER RV ERVARRAER
BRICIRBL 5.

¥ -HPES VA0 MREREIRIL U HE
BittahiwiZniERE, HEBOEKIIR
#HLET.
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Chronic effects of the Ca'* channel blocker verapamil on
monoamine release and metabolism in discrete rat brain regions:
Comparison with the effects of methamphetamine and reserpine
Masaaki IKEDA
Department of Clinical Neurochemistry, Institute for Neurobiology,
Okayama University Medical School
(Director: Prof. T. Shohmori)

The effects of chronic treatment with verapamil(VP) on monoamine release and meta-
bolism in rat brain in vivo were compared with the effects of methamphetamine(MAP) and
reserpine(RES). These drugs were administered to rats in drinking water for two weeks.
The contents of monoamines(DA and 5HT) and their major metabolitestDOPAC, HVA and
5HIAA) in eight discrete brain regions were measured by HPLC-ECD.

After treatment with VP, DA levels decreased in the nucleus accumbens(N.ACC) and
the suprachiasmatic nucleus (SCN), but no significant changes were demonstrated in the
metabolites(DOPAC, HVA). 5HT levels decreased in the N.ACC, SCN and amygdara(AMY),
and 5HIAA levels decreased in the raphe dorsalis(RD). GABA contents were increased in the
N.ACC.

After treatment with MAP, DA levels decreased in the N.ACC, striatum(STR) and
ventro-medial hypothalamic regions(VMH). No significant change was shown in the
metabolites. 5HT contents decreased in the N.ACC, STR, AMY, VMH and RD. 5HIAA
contents decreased significantly in the RD.

After treatment with RES, DA levels decreased in the NNACC, STR and SCN. HVA
contents decreased in the N.ACC and SCN, though they increased in the LH and SN. 5HT
levels decreased in the N.ACC, SCN, AMY and RD. High 5HIAA concentrations were found
in the N.ACC, STR, LH and VMH.

DA, DOPAC and HVA levels were reduced more in several regions by co-administration
of VP and MAP than by MAP treatment alone.

DA was lowered more in the RD and HVA was lowered more in several regions by co-
administration of VP and RES than by RES treatment alone.

The well known locomotor hyperactivity induced by MAP was enhanced by VP.

The present study suggests that there are at least two classes of voltage-gated calcium
channels in the central nervous system related to the release of monioamines, one sensitive
to VP and other not. In addition, chrenic VP treatment may have an inhibitory effect on the
release and synthesis of monoamines.



