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Simple and sensitive methods are developed for microdetermination of drugs acting on the
central nervous system. The assay employs the partially purified synaptosomal membrane
isolated from rat brain. In the assay, $H-Quinuclidinyl benzylate competes with drugs for
binding to the receptor. The detection limit for scopolamine was 20 ng/ml. This method was
applied for the measurement of other drugs acting on the central nervous system. The values
of ICs were lower than 0.1 #g/ml in biperiden, trihexyphenidyl, levomepromazine, and pro-
methazine.

The method has been used to determine plasma levels in 9-week-old and 2l1-week-old rats
after i.v. injection of 1 mg/kg scopolamine. The blood levels of scopolamine at each time
after the administration are significantly different between 9-week-old and 21-week-old rats.
The values of Vass determined in 21-week-old rats were significantly increased as compared
to the 9-week-old rats, whereas CLto; were not changed.
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1. BRERUVEE

(3HJ-(—)-Quinuclidinyl benzylate (LL'F,
(3HJ-QNB) (FiiE#: 50Ci/mmol) (3 Amer-
sham International Ltd. (Bucks, UK), &
ftkFEB A 2 5 3 vt Sigma Chemical Co.
(ST.Louis, MO) mbLEZNZLThAF L. LD
D ARIIT TN CREMIEG CRBD X AFL
fo. o R EREEARIEREE LTl Ih
TWB DR HGI. By vFr—avay
v % =% Aloka LSC-3500 (Aloka Co., H#)
AL

2. RARTICOEE

2-1. v 7z —EROFER

Wistar Rt 5 » + (KE 200~4008) O 4%
BRI L, KA L7 0.32M &~ 2 7 v — AR A 10%
W/VEEB I EmzrEF— b L. Hh=E
o3 — FE#H 4°C, 1,000 T 104 R L4 B
FEAHERL, Zhic0.32M > a7 e — 2R
%z CTEi 4°C, 27,0008 T 20 4> [H @E LT
SEELT.. EEABRER B % 0.32M v =22
r—ARCRE I ¥ fo. £, 4°C, 27,0008
T2 MR OB THREL, ThREY Z » F D>
FFE Y —aHEE L. BhhicvF TPV —

L5y iE A B R A 750ug /ml iZ 7 B X 5 50mM
Y vEEREEW (pH 7.4) THRL V& 7 % — B
L L7, BHBEOTEIZ Bio Rad #: (N. Y)
DFBIT X D FlE L.

2-2. i
miimhbozx2£35 1 vormiit, L.Stoll »
DFHER L LY., v 5 — B L7 10ml
DORf X BWERBRE © 25pu omBERR (Floik
75 v 7)), 50mM Y vERREER (pPH 7.4)
(Ffoitra A5 1 VERERK) 2541, 7 r ek
s 3ml F Nz T fE#E Lic. 4°C, 2,000g
TLOH MR LA BER, s7ersl s Ba L
37°C TR [H L, 50mM Y vEE#E#ER (pH
7.4) LT RRA o3 K& L.

2-3. RRA

MmEFRENC v+ 7 2 — R REEL 150pg 1T
b Xowemz, 25°C, 1037 va v 2 ~X—
M L7, CCHJ-QNB % R&ERE 2 0.5nM, &K
AR 1.2ml wies X 3wzt B, 25°C
T60 M1 v+ 2 <X— T %, Whatman glass
fiber GF/B 7 4 A2 —%F T V7 ¥ -
#4 Lic CH)-QNB &R CH)-QNB % 4)
BELtc., 7 4 0 & —3# 3ml © 50mM Y vEE#E
iR (pH 7.4) T3 EHEEHE- 1 7 A B
L. vvFv—2v 5 vIBK (ACS-TI, Amer-
sham) 10ml # iz CTHHPE—KBE L, Bk
VFLU—v a v v A —THSER Y BIEL
7o

2-4. ¥ — 2 QO

KBEIOA 2 AT v (100pg/ml) FETTD
(*H)-QNB o0& ERRNZEE (N) &L, &
DX EHEABEBIH LI WIHEZHRIESE
L., Aa#7 I VIEFETO®AREY Bo &
T35 L&, #EERE (B-N)/(Bi—N) tHExbh
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c:RaHT I VOLEE

TH5. o

Bk A a5 1 v E I RERC CHI-
QNB D#EERENETHC L X k.

3. OFRBRIERAEOER

22 K5 v PN PIREREERECOWTYE
(P*HJ-QNB #FHWT RRAR LA EER T C.
EYNL, B2y vHoexy5Fv (BP), bV
~F o7 z=vA (TP), FAEHED XY ¥
- (HP), v 2 7rw=y v (LMP), 7= 37
53 v (CMP), fiv 2z s vHIOTr 2 22 v
(PMT), BIUOHir A1 VElOXvE VY
(PTZ) %R
ZIEHOER 0.4ml T v w7 2 —ER % EH
B 300pug i ko izt 37°C, 3043
Fv4vFEF -t L, ZDH% BHI-QNB * &%
WBEN 0.1nM 2/t h X5 i & k. FEig,
37°C T6O4MIM v o ~X—F L. LUTo#EF
A HET L voRE BT .

4. EMHEER

9 Bis L 218> Wistar Rl 5 » M2 W
PRV P AAEZR-LVEBRTFTA 245 3 vImg/
kg # KER# R G Uic. BIFAC MK 0.2
ml 2 & RS M L k. misc 8% RRA
Xy A hEREARIE L. SRESR—R
B 3EAIE L FHE TR L.

5. F—H@&M

R T B M RED 7 — 2 1kE— 4 v b
IRKTERCE » THRFT LIcID. 5 — & Offstiy s
12t Student-t REX AV, BEZIEREK pl
0.05 TxRLTC.
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1. RaARFILOEER

D BREROERK

MR OREN T IRET B 120, ERBET X
A=K7 I vORMEHE L. pH 7.4 D 50
mM Y VvEEREERICER LA a5 3 vaEE
RRA CTHIELIcb 0 &, MmExmzcRE» 5
7rBekR NV ATA2RS I viiili#% RRA CHl
FBLiboRHE L., v+ 7Y —2aizwid 5

(CH)-QNB 0#E&HEX A 2487 1 v O BERK
LT m oy b LTECEERK > Fig.l-a R
4. 5ng/ml DL ETiE, A=2#H75 3 voREEK
LT CCHJ-QNB offAkfAE I hic. Rl
BWoOBEHILEI1Ih 5t Fig. 1-a % logit-log
Zmy, b Ltk A (Fig.1-b), 0.01~1pg/ml
DA TR RIFREHBEGA B, Y
VERRRER A EEEE LB E L 7 e m kL AR
HufT-78B4&DA L log C O BfRITEZ 4, KX
()R IVR(B)D L H5BLhE.
A=—12.9+1.66 log Crrrrrrrrerrenrenines (2>
A=—12.8+1.95 1og C:-rrrrrrrerrnrrereees (3)
MRLEE, UHF I I —H LT F
fo, U BB B Lic b o o EEGRET
0.998, HiHi L7cd D Ti30.999TH - 7o, EHaph
#% logit-log ¥ L TEBLARITS & &, K&
ESIVERERMTIIAT YFAAELL B D
HERIZ0~90% DB THHZ ENEELL. &
D&EMEH-TRERBYEERA L THL A=
£ I VvOERRRAT 20ng/ml TH- 1.

2) [EURE LEE

serrAL AR DHE L & & o BEIREKRE
BECOWTHRE L. Z2eriiaTHEE
RRA X hHlIE LI EomEINEL C.V.fEY
Table 1 7R L. [EULERIE120.6~81.7%D &
BATH -1, Z2HE5 I vOEEI10ng/ml
Tix, C.V.{EH 30% % #z T,

2. RRA oftOAiEMiEEREADER
Hia ) vIEAMD D, AAD Y VLT X —T
HATHZ ENEE IR TS R EAEY
stgic (CHI-QNB % v 7 RRA @A o wlgE
LB L, ZoEY Fig.2 @R L. £33y
DREFOME@), YIH(b), MG (1) sIv
&I D50%BAERE (ICs) % Table 2 iBF
7o, BEOHPIZZE LD BB ThoET I\
Td CHI-QNB DOfEER & EYEE o i iz
BILREL, 0.985~0.9990 RIFIEHERAE bh
oo B2 Y vENT ng/ml 4 - FoEEO BB
MHETH B A%, oo R MRESE 3 o EBRA
% PMT T 5ng/ml, LMP T 20ng/ml, HP &
CMP <% 500ng/ml, PTZ ¥ 2000ng/ml T
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Fig. 1. Calibration Curve of Scopolamine by RRA
a) Standard plots, b) Logit-log plots
Each point represents mean+S.E.M., n=9
QO : Scopolamine solution was prepared with phosphate buffer.
M : Scopolamine solution with 25u] serum was extracted with chloroform.
A=In y/(1-y). y indicates the percentage of bound [3HJ}-QNB to the
synaptosomal membrane.

Table 1. Recovery and Precision of the RRA for Scopolamine

scopolamine

concentration (g/mL) Recovery(%) C.V(%)
1.0x10°6 1206+ 5.4 13.3
5.0x1077 1027+ 47 13.1
2.0x1077 102.1 49 13.6
1.0x10”7 89.6% 2.9 9.7
50x10-8 1013+ 83 21.8
2.0x10-8 817+ 7.6 24.6
1.0x108 98.5+ 13.1 39.8

Scopolamine solution with 25l serum was extracted by chloroform for RRA.
mean £ S.E.M. of more than 7~10 tests is presented.

-t MR E O RFHIf R 2 Fig. 310, EWHEE
3. Fv MIHTZMEPREDORE L FRE) Wy F 4 — 2% Table 3 ©RT. 98T »
HED BT PMCHE L T2LEED S » MIR2RT I VOH
Hy LEBBEYAVCT Sy tekiFBrR= KHGEL, MEPOEWBEIRGRARCE
K5 vOBRNBRBEYRE L. BIRAKRS#O %R L1z (p<0.05). B HHDOFHHIL 9 BT
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Fig. 2. Logit-log Plots Determined by RRA for Drugs Acting Central Nervous System
Each point represents mean+S.E.M., n=3
a) anticholinergic agents; BP: Biperiden; TP: Trihexyphenidyl
b) antipsychotic drugs; HP: Haloperidol; LMP: Levomepromazine;

CMP: Clomipramine
c) PMT: Promethazine
d) PTZ: Pentazocine

A=In y/(1-y). y indicates the percentage of bound [SH)-QNB to the

synaptosomal membrane.

26.5%r, 21;AKRTIX36.75TH b, I & viE
ELMRT VABRES L (p<0.05). EER
RBOMAEE (Vass) XM X 0L, 28
797 7 A (CLuow) iZINENC X B2ELED S
nich - fo.

Z =

AER T RRA K X b, miF 25p1 T
20ng/ml~1pg/ml OREGEOA I LS I v

ERENEIITE. A2 H#5 I VEBEMN 10ng/
ml LUFCix C. VB 30% ¥ #x, BV FEEEH
Bohich -t

AaRT I vPAOMoFREEERECB L
T3 CPHJ-QNB %V »' v ¥ & LTHW RRA
CLOERTELZ Lot =2V vHT
X ng/ml F— &% TEEDN A T Hotons,
CMP, HP¥ X U PTZ Ti% 100ng/ml~1z¢g/ml
LLEDBESLBETH 1. LirL, PMT,LMP
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Table 2. Parameters Describing Logit-log Plots for Drugs Determined by RRA
Eq.(1)
Drug a b v ICso
(g/mL)
Biperiden (BP) -15.82 -2.020 0.999 1.48 x 10-8
Trihexyphenidyl (TP) -13.98 -1.731 0.987 8.40 x 109
Haloperidol (HP) - 9.76 -1.900 0.989 7.32x 106
Levomepromazine (LMP) -14.29 -2.129 0.985 1.94 x 10-7
Clomipramine (CMP) -19.30 -3.104 0.993 6.07 x 10-7
Promethazine (PMT) -16.50 -2.174 0.990 2.55x10-8
Pentazocine (PTZ) -14.28 -2.676 0.999 4.62x 106
X : drug concentration, g/mL
Y : In(y/1-y) ; y : [3H] QNB bound ratio
Eq. (1): Y=a+blogX
7 : correlation coefficient
ICsp : concentration of the drugs which inhibits binding by 50%
1000 1
5 TiL 10ng/ml OFENTHETH H, 0.993 Lk
3 9, OHBAFREIE LR
2 g RRA R IZREXHETIEDO VLS 5 —
$ g . RS 2B XD 3iER £ 5. CH)-QNB
8 100 e ] . FARAAY) v 7 2 —DRBEMNLYF Y FTH
£ @ o B0, =) EREAET s RO
i ' 3 SRANTETH 1. ThERD V&7 & — 12
g ¢ RiTs ) 7 v KR AT R B BRECOE &
. M EE L DRD.
° s & 5 120 UL EDZ &, WIELL Y L3 5HEYL
time (min) SHCHEE Y 7Y KD Ve 7 2 — et T 5 R
Fig.3. Semilogarithmic Serum Concentration- PRET AEYMNELET S & RRAC L BAEENT

time Profiles following an i.v.Injection

of 1 mg/kg Scopolamine in 9- and 21-
week-old Rats
At least three rats were used to

determine the dose level per time point.
The data led pharmacokinetic parameters

are listed in Table 1.
O, 9-week-old rats;
rats.

* Significantly different (p<0.05)
from the mean value of the 9-week-
old rats.

[, 21-week-old
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Table 3. Physiological and Pharmacokinetic Parameters
for Rats of Different Ages
Parameters 9-week-old rats 21-week-old rats
(n=5) (n=6)

Body weight (g) 314+ 3 459+ 10 *
Total Volume of distribution (ml) 874 75 1270+ 90 *
Total body clearance (ml/min) 260£1.6 257+14
Mean residence time (min) 33.6+2.0 49.8+29 *

mean + S.E.M. is presented.

* Significantly different (p<0.05) from the mean value for the 9-week-old rats.
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DY, ERRBHHOEHIRE 5 LHELR
TR UL, ZoMmAPEE s BRI
ERLACINTESY, R@EBREoollh
BEY —EBEOXED, Thb b REYHA S
BORDOWCTOBEES RS bicw. SEOFER
mb, EARBWTUIAZHS § voPEEL
WA Lic <, (REHEEYI ic w2 & T4
Ihi.

Pk, 4EMEL &N RRA /B A1
BABRBOMEO AL TEKC A FIATEL A
RIsEEETHS LEbhA. 5%, FicHEBN
BEOCEECLIGAL, EHEETh D MIEE
DRFEIZEAL D fEHT 23 ATHEIC 7 v Fh AR AR R F 3K
D7 7=TAFLXT 4 VRET 3 —=a2 8453
7 ADBRBHICERTHID EELLRS.

BiEE APIRR, PEEBRBHERIMFBIRSGS X
O, 1990FE HIRKFEERETEAEFEE SO —TIC X »
Tihr&hic. BPoErELET.

2)

3

)

5)

6)

D

8

9

10)

11)

12)

13)

51 A x &

D. B.Campbell, Psychopharmacology, 100,433~
450 (1990).

J.Kanto, E.Kentala, T.Kaila, K. Pihlajamaki,
Acta Anaesthesiol. Scand., 33,482-486 (1989).
J.Kanto, U.Klotz, Acta Anaesthesiol. Scand.,
32, 69-78 (1988).

Y.F.Cheng, L.K. Paalzow, J. Pharm. Phar-
macol., 42, 566-571 (1990).

L.Stoll, P. Fleckenstein, D. Riemann, W. E.
Miiller, Res. Commun. Chem. Pathol. Phar-
macol., 64, 59-68 (1989).

K.Ensing, W.G.in’t Hout, P. Halma, H. M.
J.Klinkers, G.J.Ensing, R.A.de Zeeuw, Arz-
neim.-Forsch. [ Drug Res., 38, 106-111 (1988).
N.M.Cintron, Y.Chen, J. Pharm. Sci., 76,
328-332 (1987).

L. Aaltonen, J. Kanto, E. Iisalo, K. Pihlaja-
maki, Ewur. J. Clin. Pharmacol., 26, 613-617
(1984).

H.Shimizu, N.Hata, H.Ogata, and M. Toru,
Ann. Rep. Pharmacopsychiat. Res. Found.,
17, 140-147 (1986).

BEIR, “EERMBEOLDOT 7 —<axx
T4 v 7 AR, {EHEGHE, Y7 b=
v Ak, HIE, 1985, pp.134-159.
K.Yamaoka, T.Nakagawa, T. Uno, /. Phar-
macokinet. Biopharm., 6, 547-558 (1978).
J.Krska, G.Sampath, A. Shah, S. D. Soni,
Brit. ]J. Psychialry, 148, 187-193 (1986).

K. Yokogawa, E. Nakashima, F. Ichimura,



118 W B % % Vol.19, No.2 (1993)

Drug Metab. Dispos., 18, 258-263 (1990). 15) B. Lerer, M. Stanley, Brain Res., 344, 211-
14) R.Majocha, R.J.Baldessarini, Life Sci., 385, 219 (1985).
2247-2255 (1984).



