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The Effects of Chronic Verapamil Administration on Dopaminez and
5-HT2 Binding Sites in Rat Brain — Comparison of Verapamil and
Lithium —

Shinji Baba

Recently there have been many clinical reports on the efficacy of verapamil
in the treatment of mania. However, the mechanisms of the antimanic effect of
verapamil are unclear. In this report, the possibility that the antimanic effect of
verapamil is mediated through its effect on brain monoamine receptors was in-
vestigated. '

Rat brain 5-HT, and Dopamine, binding sites were assessed following chronic
(3 weeks) administration of verapamil, lithium, and a combination of these two
drugs. A significant increase in 5-HT, binding sites in the frontal cortex was
observed after verapamil treatment, but lithium and combined treatment had no
effect on the densities of either binding sites. The serum lithium concentration
was increased by combination treatment.

These data suggest that the antimanic effect of verapamil may be involved in
the up-regulation of 5-HT, binding sites. However, the mechanisms of the anti-
manic effect of verapamil may be different from those of lithium. When both

JINGERIRY: KR Department of Psychiatry, Kawasaki Medical School:
F701-01 BEHIAE 577 577 Matsushima, Kurashiki, Okayama, 701-01 Japan




208 I e BE 2

£ GR14% 25 1988

drugs are used in combination, a careful follow up of the serum lithium con-

centration should be carried out.
14(2) : 207—215, 1988
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BES oo FRIZ WER B IR T Wi
»B, WhbdBHT I VR L BELI /T
I VERILD LT HEREENE & OZEE
R A ELENMROESIT L - T, B>
RIBIFREOIEA B IR BB T I DD
H5b. TL CBHAECREE (LD E
BOFALISh22H%. LrLEZDLS
RO E L5 DRI T 51 DT, BYRIC
B+ 5403 nL5THBD. TOHEMIE
K, BREBOFEORIC, TR ME
RotcdEREHEICEMT S L\ 5 BEOERE
DARET, BB W EFTHHS &
XN S., BRCIEERENEL X v L3
MEENEMRC I 5, BRI ELEH
DI BIFROMBEL R IR TV 5.

SEEH L vy s (C) HH#E T H B ver-
apamil (LUIF VPM) HBRIFH 2B 5 &5
FEPR#4: A% Dubovsky, S.L. 5,V Giannini,
AL B X o THERNTRIRK. LD
TERBF IR TH 525, OB S OiFIRFE
RN T, 7 I VERRCRIE TR E
BIML T\ 5 L HEEWAETH B. Lol Cath
PEORA E 2 7 3 vERERCRIZTHEH
THWE I, £ TARERTIE Ca fi
HOPBERA D A H =X A% M5 fed, VPM
5y MCEBERE LT BAtR =2

ZRk (T 5-HT, 814K, F3v-2%
itk (LUF Do XBH) W RIZTH 8% radio-
labeled receptor assay # R\ CHZEL 7-.
L TREMTEE CcH % lithium (LIF LD
XA EL WKL, Ca oy
BOERBRE & v 72 —BEOHE 2D B
L.

R F &

Wistar SRiEt: 7 » b (SEERBALAR 8 i, 14
190 g BiE®) H{EA LR (Q27m), Li#
LR (A37m), VPM 58 (1418 o 3HT
40 CK &Ry B HIBIRS ¥, EYoELL
MrE—&tCcHBELL. VPM &1L T ver-
apamil HCl % 100 mg/l, Li & L T Li,CO; %
1000 mg/l DERE CHRAKPICHERL CTREOE

L1 7. 3BHEBICHIIEL TS & RNEE
#HEIL, EbDbRAZBRECEEL —70°C T
REL. VPM oEEY ) o5 EILES

Ty 11mg/kg/day ©Hh - 7. KT, HEDOHE
R X 28 % Bl57T5 o, BRER
Li% 0.2%& VPM % 2 H ¥ T2 0.01%,
D3 0.02 B0 BEETREETRE L. A
BT O (R NP oFEERSFE i L TH
oA TR 7 (Fig. 1), $7chH5-HT, %

striatum or frontal cortex

+925v0l. of Tris—HC1 buffer

homogenize (polytron, Dial 7, 10sec X2)
centrifuge (40,000 X g, 20min, 4 °C)

@K

et supernatant ——> discarded

suspended in the same buffer
recentrifuge as above

supernatant ——> discarded

resuspended in the same buffer

homogenize (Glass homogenizer )

crude membrane fraction
(used as receptor preparation )

Fig. 1. Receptor preparation
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AR TR (R BED % 256545 & O 50mM
Tris-HC1 (pH 7.4) #EEHK T ARE Y +r v
HREYFA 4 —(dial set7, 108H% 2 =) <
FEDFA XL, 4°C T 204H 40,000x g T
BILL, £OWECFEERY I CRET 5
B 2ERE DR L H T AR EL F 4 ¥ —THh
—1t (5 strokes) L7zd D&V & 7 &~ &
L7z, D Z564 T3 fSAEr AV BERC
120 mM NaCl, 5 mM KCI, 1mM MgCl,,
1mM CaCly %L icb DEFEHL 7.
{#HHA¥EY °*H-ketanserin (% New England
Nuclear 1 b, 3H-spiperone ¥ Amersham
X AFL 7=, methysergide 1% Sandoz I
X v, (—=)sulpiride | FERFMS L v, mian-
serin HCl X+ % 7 V3L X b, verapamil
HClig = — 1 35 X 0 REAXFZIT . Zoff
WO —FARETH 5.
* binding assay =F&M&KE G ERIL Cam-
bridge Technology, Inc. » PHD cell har-
vester & fi\~T Harris 5% O FEIC -7
(Fig. 2). D ZRELHEDLD OFHkEvEE
L. J7ch b sH-spiperone (15 or 25 Ci/
mmol, KR 0.02~0.3n0M), &K E
0.1pM @ mianserin (®H-spiperone & 5-HT,
TZRENDE G R <), REEE 10 uM
» (=) sulpiride #7:i% buffer, receptor &
fi (0.1 mg protein/tube) % EAFIC AR,
EHAEY 1.0ml & L . 5-HT, & 41X

D: 5-HT2
0.1 4 buffer or 100,M 0.1 - buffer or 10xM,
0.14 (=) sulpiride 0.1 { methysergide

1.04M mianserin

0.1 $H-ketanserin
“ 3H-spiperone

\Oj—* striatum \Oﬁ—» frontal cortex
l (ml)

incubated at 37°C for 15 min

\)

rapidly filtrated under vacuum through Whatman
GF/B filters with a 4ml rinse of cold buffer by
PHD Cell Harvester (Cambridge Technology,
Cambridge, MA)

N ,
measurement by liquid scintillation
spectrometry with scintillating cocktail
(Amersham, PCS 4ml)

Fig. 2. Binding methods

Leysen 5% OfjkuxEFIC Lic. Tibb,

*H-ketanserin (60 or 61.8Ci/mmol, &
B 0.2~2.0nM), S#&EE1uM o methy-
sergide # 7-{% buffer, receptor &5 (0.12~
0.16 mg protein/tube) » Ah, BREAEH
1.0ml & U . 5-HT,, D, ¥ 51 37°C ©
15 4>fd] incubation U T KJGX ¥, What-
man GF/B filter Lz %2 [JEE@L, 4mlo

cold buffer ©#t % L. filter #5E T &
X ¢ 4ml o scintillation cocktail (PCS,

Amersham #) % Jnz T 8 BrRELL L 4rEATIC
BEWCTEEIRIHE, WY vFr—vavh
T VE—TRBBEWEL . RKEE 10 pM
D (—)sulpiride, K O HEKERE 1uM © methy-
sergide @ fF4EF ¢ % 1 incubation L 7=
D% F £ h ‘H-spiperone r *H-ketan-
serin DIFRRMEE L L, A LFREDN
BEOERRREAELEL. & v Lol
ZE1Y triplicate % 7-iX quadruplicate C {T\»,
FERII TR TPHETR L. B5h 5 E
Scatchard f@HTic X b L, fEEER (kd)
ERAREAH (Bmax) 2 HM L. HEEH
Iy Student’s t-test #{FH L 7-. ‘AT
H¥ Bicinchoninic acid #7 % B\ 7=,

£ B B R

WEERE D 5 » b fE & Li O fEE %
Table 1 @R+, HHHIC L » T Li oIl

Table 1. Body weight and plasma lithium
concentrations after 3 weeks treatment
with Li and VPM

Body weight(g) Li (mEq/1)
A)
Control 235.2 £ 20.5 —
Lithium 218.2 £ 17.9% | 0.56 + 0.18
Verapamil 245.9 + 23.2 —
¢:))
Control 213.0 + 11.3 -
Li + VPM 199.5 + 8.1 | 1.05 + 0. 14%*

Each value represents the mean + S.D. of
12—14 animals. Data (A) and (B) were
obtained from the different series of ex-
periments. *: p<0.01, vs Control

*k: p<0.01, vs Lithium




210

D11

Table 2. Effects of Li and VPM upon D,
and 5-HT, receptor binding

Kd Bmax
D, (nM) (fmol/mg
. protein)

A)

Control 0.061 + 0.028 189.7 + 52.1
Lithium 0.057 £+ 0.010 161.0 + 23.6
Verapamiil 0.058 + 0.017 193.3 + 63.3
®

Control 0.043 + 0.008 140.7 + 37.6
Li+ VPM 0.051 + 0.009 138.5 + 41.2

5-HT, Kd Bmax

A

Control 0.534 + 0.119 247.8 + 34.6
Lithium 0.606 + 0.222 236.7 £+ 32.2
Verapamil 0.625 + 0.223 275.0 £+ 52.1%
®

Control 0.516 + 0.077 237.4 £ 43.0
Li+ VPM 0.487 + 0.099 224.7 + 33.9

*: p<0.01, vs Control
B EAL T ZXERBEEROBER %

Table 2 w53, VPM D8 #:# 5T 5HRIC
H# L T 5-HT, Z4 ko Bmax 23§mL T
7z. Lix 5-HT, %Ak, D ZHEEK ELLD
Bmax, Kd i 3, &L 7z o 1.

z 2®

B 5 DRI E FBF i L SR LD L
RTUV B, LhUSC bk I BR O BT
AR ST\ 5. Kol Ca FEHHE O fif
MRERHEROEBICH T ABICAER S TW
B. THC DEHO—BHBTITHIR, KL
fE, BMETH Y, WWE, FHE v1 7R
b fiibh s, MEsERHER T, BYR, 5
K, FEm4Z15%, panic disorder, Tourette’s
disorder, tardive dyskinesia iZx}3 % #éG»
»% (LAL Pollack, et al'® X b 5[H). {RIHA
e 7 T HIM, » I &5 AL
HIhTws, LoHLEFRLBESRLOGOI
Bomiext L TTh s, BRI 5 Ca fhHiE
DFIEER D DO DBEIMRILL 7> T 5.
H—IT HiErEH % ## > Li ® propranolol, -1V
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Pk R 3E, 0910 carbamazepine(CBZ )V 1V
2, Ml ~0 Ca DRALHEL, WHER
¥L, CaiEHbEBE T©h 5 calmodulin i &
F5z L CcHilanTo Ca DRI TS T3 L
W5 I ETH B, e calcium antagonists
LLTabhn VPMD:2 2 diltiazem, 12 ¥
%5 < nifedipine ' 1 L IR R D LR
5L THB. VPM DEERE e HIBRROH
A3 4 <, 0010 VPM i1 Li & [F# 7 time-
course HEl 57z &\, F 7o diltiazem @
L EBAEE N To  PUBARE L Y Lic
BT T e D 12 —HRENRELDH D,
Barton®!® |3 Li ® CBZ wiEHitk © ByRic
VPM 2ERNE s fc Lt Efew v AD 3
FE OB € 7 e 3O Ca $ifidky &b
L e IR R B ER L v b hish o e
LW HELH B

Li = VPM o #ilsh RO (ERBEFIL 72K
BICH B, Mg OB RO LR Ml &
MRapy Ca BHREDOBIEIC O\ TIE R D X 5 7%
BRI T\ 5.

#3° Dubovsky 5 (BRI X Mifap Ca o
e, FichsrED S OFTEORD LBEL
T3 A5 L #x Li & Ca fEHdo FLltk
BT, BERCRT sMan Ca ofElzE
BEH L, HEL & VPM itk <
BN H D, FOWECT IBHL EBHD
sinus node ¢ spontaneous depolarization
DO, atrioventricular node 3§ % (&,
ADH o4& &= insulin O43 % B X
¥, BRI T L, a-adrenergic Z7&
k7w y 2L, #7273 VEEEEET2
L5 W LitP §, VPM® § haloperidol
DigMEREIC X » T4 L % apomorphine (ZXf
T HITEIERRRZ A ST 5 &5

Meltzer'® ;3 adenylate cyclase, tryptophan
hydroxylase,inositol-1-phosphatase(I-1-Pase),
calcium ATPase, £ o Ca fEfEtE 7 » £ A3
Lkl TELEEbh5Z £ Li @ net
effect 2 HBRIC 2 52y, $HL5 DiCin B ik Ca
X o TR S h 5 EOBFENRET 2 500
IoTREBDIEASD LEXI. £D1HIEL
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T—&IC ke Ca AR JE LT [-1-Pase 2%
WENFEEL T W5 edic BRREBCh 5565 T
X, 18 LS5 FoBEEFYBIEL T
BOReRET D> (fhioBHRc 52% Li Off
BRU, $5o)mORBIER#HENO/NS
b 7e DT net effect X HEEL D) DK
55 &S K% 1T, CafRAFHEBERE DBEIN
DODIRE, WAL BRLE BIEL T 5 DR
55 L#E% f-. —J B-blocker ® VPM i1,
calmodulin f&fE#: calcium-ATPase 1 X %
Ca Rv 7% HEL T MilaN Ca 2Hmz 5
Lik~7-. = hit Dubovsky 5% o{FE & it
W ie 5.

Dose 50 (3K » GABA {EEOREICE
HL v aalaetE &, GABA 23 Ca HHifEH %
RTEELY BT CHEEIED common mode of
action ¥ Ca fKfEME 7 » £ 2 DFFITH 2 DH
L Lhie\ & Bt HESC HIBRERO 5%
CBZ, valproic acid, clonazepam (CNZP),
progabide, 7L T &M Li #¢4.,2” gB-blocker
(propranolol)? 3 GABA EERRIET 5.
3 L GABA {£&0 (b Ca EHifFHT X -
THEBR R A £E T %5 D7 Benzodiazepine
F@ lorazepam O HERRGE L2 R s B
b Lhdglue.

Sandyk 52 3 VPM 2320 Ca HEHEH
-cserotonin activity % JEWr 3 % 2>, opiate
activity i F 83 2 Z LI X» T kiiz endo-
rphinergic activity #[HEL T JiEH %=
TORAS EEZT. ‘

Goldstein'® ¥ presynaptic neuron A5 o
MRRAZEME ORI, HEEM ORI IR
AT % Ca OBICEHEMCKEL T 50D
T, L Ca OWALFA T I TR EME
OB BT BIEAD LE L .

Fic VPM O HERERICIT Ko< 3 vl ER
PEEEL TV B ETHL0,2 FETHLOW
e EERERRMBENR—FL Tz,

Li oB8#EE I X » C striatum o F< 3
VERERD BARE A (Bmax) 23R LIk
WO RED H B0, REE S RELS
W D200 WAL T BB

<+ h 1 3H-spiperone % (+)-butaclamol ¢
B#L TV 27, D, 2L e 5-HT, %
BRSO ZEMhE G LT oy FRi
Rt %, 23 sSH-domperidone %\ T X b 3
Ry D, ZTARME BT E 5 RO, *H-
spiperone % {§H 3% 2 5-HT, 54k 0 F &
AT & BERBTTER P Tk, D A
A3 L BRSO ELZT T, Zh
FAEIO EEHER &b —FKT5. LikdnioT
SH-spiperone % (+ )-butaclamol CE#3 %
TZHREEEARBRT BT, Lo B #HET
B L oA HBL D, 4%k Cle < 5-HT, 5%
BEOFELZ T Cock Wajda 5i3#E % T
W5 LaLZIDXd CHEYSTERRIC
5\ T3 SH-spiperone o 41X B8 I hic
MotebTHHELH D, Li OBHEs
BELLIRL FBY GExishotc L EXD
o, L Wajda ¥ irrksE20Xd
7s¥R &1 *H-spiperone ¢ high-affinity/low-
capacity binding sites (/e H D ZHMAE)
LEREL T WO THELDOEL L FEL
RPN ‘

Li oML & % cortex @ 5-HT, &
oL >\ T & Bmax IR &+ 54
%:.31)~33) &ﬁ/}\ L/ 71-: & U 5 #&%29).30).34) @ﬁﬁji
2B Y, SEIOREKTIE Bmax 3ARETH -
e, Zhb D, 5-HT, WZ A A AER O
BOA—FL, FHL 7= *H-ligand, diplacer,
Li oG5 iE, mHRE, S0k
WEREATALOTH A LE2z LR, HFHE
Li o AR 5 0.48 mEq/1 o B ik (+)-
butaclamol T&E#: Xt % 3H-spiroperidol &
SUEKBREFALT A, 1.13mEq/l 724 40%
UERBATBED. 2 Fic Li SEERTH
BLAT v MIMEEI RIS HETH LR
CEDLBIEL TV B E Loy, 2908089
HL LIE S hBEOEE O BEHOD S
WEIDIEL, XD XD I ELBRAT 5D
ERBZFML I L0 HBFTIFIC .
ARERTL Li 5L 7.2%, DHRBERT
2 6.3 % h LRI L D EBICEAEL DL
Motz VPM S5O KEIIHREE LT L
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ST EMLEZRGHEFEIHBEL T ok
BEZLRIRVA, L) s S5K%R O FE
RESBROBHBETHH S,

VPM D€ 7 7 3 vERKC Hx 2R
BT 2 MEL AR T L O08L <,
in vitro T/ VPM X 5 » METEHEED 5-HT,
R ~ D SH-spiperone®® < 3H-ketanserin
DREE, P 7 v MRtk D Dy XEEA~D *H-
spiperone DJEA® &% BAHNC FRET 5.
UL Li @ in vitro TOF0 X 5 IefAEIEH
LS 2 H5 OO ERBF & BT &
EETHHEC, TDE /T I VERDALRME
EHe L PO ORERRE ¥ T KEEL MEC
I8 o te® LB, FBRECK W TH BRSO
HEN OB ROERABEF &L CERCL
Zzbhsn, VPM Ol E/ 7 3 vZEK
RS BRSO R BT IREX HE
D B e\, Tecott 5% (I nitrendipine
10mg/kg & 7 v Mz 10 HRE RERER B 5 Lic
2, D, Rk %t 3 % *H-spiperone, Ca-
channel 1z %}-3% SH-nitrendipine, A A 5 Y
vk ) vEEREMRCKT 5 *H-QNB f& 7
EREAL e ot & L. ER S
Li & VPM o AB#R Sl 8 2, BRRZIR=C
Z o time-course 2MUTW % Z LB FEMAK
Chz 2RF LA O TFHL A, 46
DEE: Tk VPM 0 gH:#5 1 X » T 5-HT,
Z454kD Bmax 23§l 7z, ORI LI O
BT X 5 2R R, 20305 IR
ZI0-30) L 37 b, CNZP 2 GABA {Eg)#K
T % progabide,*P 4?2 sodium valproate, dia-
zepam,*V baclofen'® LEK >~ 2 v 7 (ECT)*Y
LRIUT H%. CNZP i &5 X - Th5-
HT o flHEY B 28, BEREC L 5T
FvvF T A B O 5-HT O % #d &
¥, EMc 5-HT, 5423 BT 5
bR TV 5.4 = 0 R X progabide,
baclofen @ BM:#HE & FMETH 5.2 Fi
CNZP @ & 5 7t Benzodiazepines % 5-HT
= o — e ViEEEY JIH3 55, LIk 5-HT ©
AR EREE RET S oz Lh Lot
M5 X % 5-HT, ZAGBORA & BIEL T
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WABDHAL LA L LABIoERTI
DX 5 RIS R o, —F VPM
DEHIEIC X » THRYX BB & kT 5-
HT % dopamine 23®A3 %525, Fhil #ia
WD Cai AP X 5=/ 73 VOH
LABRDETC LD A5 L W) HEND
5. UtehioC VPM O8R5 X % 5-
HT, 54 0 #int CNZP % progabide &
FREOBFIC X 50013 LY, VPM Ok
EANE Li &3 BT » el © 5-HT, A4
B L T\ 5 R S h s, L LR
i3 5-HT &Rensidic <, CNZP 13 5-HT ©
AR L TORRES potenciate L THIFEL I
T2 &\ 5 R34 %2, ECT = GABA agonist
& 5 5-HT, ZAGOHMY &rhb DR
Y5 SR L OBJEIC DT b Ik
PULETHD E-EbRS.

Fot3 VR L TH VPM AR
B ED 2, VPM o r-23 vfF
RSO b RO hDFELEL bRD, 4
D EE T VPM gk 541 D, ZAMIC
Blerk b g feh otz SRk R L 7 Tecott
L3 DR|EE IR TIHEREZL LS.

¥/ Li & VPM o fFfL D ZRBD 5-
HT, SR, B8 52 len ot Zhik
Li o #F> 5-HT @ & 5 2 BB REER® @
VPM o HIHIfEHY DL clcd & 3 E 2D
hn, Wood*® 13 Li & Ca #EHZEoEH L%
BFCEBROBRCHT s L2 TTHTw
B0, ORI E % T 5 & syner-
gism L 1L T, tEICRBHRIB toxicity 1= B§
BHLT5EWO8ELH B, hILHEDH
I X - C LR iBERE 20w Li hgiERic
Rotcb S b DTH B4 SEOERTILFE
FZOBBIC X 5T J v b Li r@EEERE A
e ofeny, Li o g 2 ERL T
fo. ZoZ ki, Li#RAL T HEBRC ZE
LTI ADEES DFEOEE (605 & 665%)
NUEBOBED - VPM 25X hic s o
AZALL LiompRESETL, £D5bH
— ANERER L 72 &\~ 5 Weinrauch B o #if5*®
LIRS TWw5, 51X Li offifREDK
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TORRA2WT, (1) VPM i X 2 RERD
WEL OHHED Bk b 725 L Li Phifta 4
X tch, (2) VPM 28 Na-K ATPase pump
RHEL /o oo, ket Li Sfap = vo<—
FAVIREHA LD, &5 oD RN
HEZ TS, LML X 5T Li o
FERE A SRV 0i, VPM oglifEETth 5
sinus bradycardia 233 < B C.OMEZEC 7 5
TEWSHEY LHD. ZhH0 f{ENLH
FZOPEHC X » T Li @ iR st 35 %)
RO H B2y, VPM OfERIRRCKT5%)
RO D003, FRPUFHHERSC L -
THEHLVBDILDOTH B 2 AR T 5.
Lic o TAKBED 5 » + Tl VPM DR
Rt A EMA A Li OftH Tk I i o9
OHMEE 23D, Li ofkitaMETF L C M
BENERLLONL L.

VPM D EIfERIE R, #Ik, A-V Block,
FEi, LR THY, EEHES, ERARERD
HLHEEEC HHETRETH B 2, HE
OO Li ohgEC +5EEL T, Lio
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