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(1985 4 9 7§ 26 g 27m)

EEMREEBEO A Y Tr v/ =1 (IP) QUMM RS v b /5 7 ~ (HPLC) it X 5
ERBERFELL. MU x> RORH IP RORELEYED N-2 F 0 F — % 3 VIEEE A # v A akslg

PRTALE -t o PITXVRTREL,

AT 2 LEYITERMEHELERE L22Y 7= 1=

FULYIT IVIZE D HEFEMAKLL T HPLC . %l ¥+ 5. HOEFERIHFELED S 2B
TAZ —ARO T Y AEREER (PH 7.0) ORMG 2 HF8KE L T8 AN AFIC s, IP
DERERE (S/N=2) 1z 15 fmol/50pl FABTH 7. IP ZROZELLBE, Eomic IP 41
7==tlR5DT, & IP (HHMERCIP ¥ 7 - — 1 Of#H) OXBEEICS VWTIRALE. -
OLbw R K IP oMb ROCRPE= 2% < iZ@EAL 7.
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Av7m7 v/ —n (IP, N\f Yy Fri)rx i
7V V) Rk =ex7Y v (E) L M SRR
fERZEL TR Y, BRNCROBEEEROTEAR
ELLTHCBRTWS. IP o MIEE & LTk 2%
B, wAZme= 757 4 — - BORERIEY, 3%
RO N ERALFRED X 2 BEKHh 72~
7374 — (HPLC) RO 2474 v F—FEEOD 2
BREIR TS, Zhbo st HPLCG 2k 5 Hiki
HEBENE G SREL» S BEREN B LR 5. Ll
HPLC - 3BT PV e Fed o f v F— ARG
HARA LN T AFBEACRINCFIR T 5 fe b WM o K
KEx HBEELTSH. X HPLC - BEILEBREEIRE
FICRET L EWEYRET 5 o EE TR A
MEELL, MU x5 hlEE P QRECE, NEgE
B35 T DI BF R R 1T 5 WERD 5.
EEOIX L2722 10v 27 3y (404K,
DPE) 2B{b#H] [~+Fvo7 280 BEHY » 4] ©
TR gk (PH 6~7, 0~50°C) T 5 2 — 1ft
BYERIGLBMVHE LY G52 5 2 LR RWE LY. =
DORIGEHT2a—A7 3y [CA:E, Jr=tix7y v
(NE), F—r3v (DA)] o7 vi~<afbRKiEE LT
ERTHY, REUMmAF CA OERBIEH L9, &
PR, COREY IP 07 v s < fbic A

pll]

* MK : 812 EREIR R RK B HI-1-1

L, REBEMEI N- 251 F—,23 v (NMDA) »H
WHIML x 5 ROEHR IP o8+ L. IP 11
FEORELBE, e RBIEE & ks nT?,
IP 97 = — b DK BEECOWT LRI L, i
Lz SRORFoR IP G IP & IP 17 - — ¢
DIMAKFFC L 0 A Ui 1P o) DEEELY B L
oo BRZOFGE e o5 L IP oMot
R E=2 —ZHEATE 0BT
2 £ R

2.1 H¥EBH&

IP B R 08 NMDA HEESEX % h £ h b 2
Xt Sigma % v 7. DPE pxf{-{b28i% Fv 7.
TOMOEFI T RCHRERSZH V.

DPE ##% (0.1M, pH 6.7) : DPE 212mg % 0.1
M g 10ml TEMLCHWE. 49°CThnd il
A REE.

VvEEY 7 AR (0.2M, pH 5.8) : 0.2M
vERE 0.25M AELY Fv A& 0.2M vy vEen
BAELT PH 5.8 L3 X5 IC@mRL .

F=Ry r SP (3&@@3%4*7%&*&555 Na+, $r
T 19~40pm; FEFZR) 7~ + Y o ¥ 209%((V/v)
FEoty 7 SP R (K) 0.5ml 2KV =F1LyvF .o
—~7 (35xX6mmi.d.) iTEWCHER (BEEE 0.1ml).
H=1+ YV o VEEET A AR-FITARTSAF, 2o
VY (FAEH) 2EKRTHZEITLD, BEDHK
EH—PY o VBT ILENTESD. H—t Y o T
R#T 2.0M KBt Y % & (1 ml x2), 7 (10 ml),
2M E@-=2/7 -1 (1:9, v/v) (Iml x2) Bk
(10 ml) CHEXZEFL, T 0.2M v vEY 5 v A%
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& (pPH 5.8) (Iml x3) »@LEHLLTHL.
MU x>~y vinELits4l (2ml) ETES
LEFFYvSmEgEML TRMLLE 4°C T 1000g,
10 YREL SELTHEAL. ML x> RERICHTS X
¢ —70°C CHERGFL .
24 BERAR : 6MER 10ml OFAETERRL . #A
¢ 4°C CHRE. ‘

2.2 EMERY HPLC &

HPLC AHYv 7 : B 635A Btk rn~< /35 7.

A%t A% : Rheodyne 7125 syringe-loading ¥}
TEASILT.

B : B 650-10S RoEEEXER (BER
370nm, FEM 475nm, 2 Y o FERXRWTHh D 10nm).

# 5 » : TSK-gel ODS 120T (krFE 5pm, 150X
4.6mm i.d., FEEEFZE).

BEifE: A&/ —1-50mM
7.0) (4:1, v/v).

g ¢ 1.0 ml/min.

75 ARE : FiE (23~27°C).

IP 417 = — b Ohn/kS BE O IRELix Pierce #Y 7
774y —ERER. '

Py AiEERE&E®K (PpH

2.3 HEONE

MLz 5 RORHERE 1P : ful x 5 200 pl R
100 u1 & NMDA (zh#h 0.02 K1 1.0 nmol/ml)
50 Wl ROt 0.2M ) vERY 5 v AR (pH 5.8) 0.5
ml 2in%x%. COREZ a2y 7 SP -1V ¥
g, K 10ml FOK-7b=1FY) 1:1, v/v)
2ml & LAH, BELLT vk 0.6MELH )
va-Tb=ry o {1:1, v/v;0.6mM ~F4 7
SR A Y v aval) THEHETS.

MUz 5&IP:fm L x 5 50 ul iz NMDA (I nmol /ml)
20 1, 7k 150 p1 B0 1M @IERRE 200 w1 Zhniz, ¥
1000 ¢ ¢ 5 REL U THRE v-2 735, B2 300 ul
% 100°C = 20 #yfimnzh L€ IP 47 = — FEK
NRTB. BERUFHALVAL b - Smg RO AR
¥ 400ul Hhnx fo8k, 0.5M [KEg» Y ¥ 4 100 p] 2 X
b pH5.8~6.2 i+ 5. mOHEEES 600l % |k
TA— Yy SREE, B IP ORA L RRCHRX
OBEHETH.

Repfa IP : R 100 pl '@ NMDA (10 nmol/ml) 100
pl ZO% 0.5M BHEFREE 200 ul % fnx T 100°C T 20
ST 5. Zo 20 & EFEEEER 600 p1 % EEC
A=Yy SREE, UEREE IP OBE L ARCERE
T5.

2¢4 BOEEEMEIL
% Hwkw DPE ¥¥ 50 ul #hnx, 37°C T 40 M)

fem, o, =3, kB, A& #%HM HPLC X sMml x 5 RCRG IP o’ 289

WET 5. KIiGE 50 pl % HPLC off3. IP & PBE
BECIHERTS.
3 HRRUHEE

3.1 HPLC %#

IP R0 NMDA oE#ERY 2-4 OBfFECR:
WFBMA(L LB e~ /5 a% Fig. 1(a) ©
4. 1P Ko NMDA o#sifii 8 ALIACELS
ExhC\5. DPE HEZEMKETHY, HAEND
RBEIC R WTILE— 7134 Bllshicw. 1P RD
NMDA o #FM kD FEHHE OB BT RT 2306
BREOMERIE AT Y Table 1 wwixd. KK
HIZBREROCFEXAV-Th IP OBAEREHVI.

(a) (b) (¢)

1 1 2, 5
© 2
g
a
4
g 2 4 4
3
: JLJ jJ&U JL |
UL
_ L L
0 4 80 4 80 4 8
Time/min Time/min Time/min
Fig. 1 Chromatograms obtained with (a) standard

mixture of isoproterenol (IP) and N-me-
thyldopamine (NMDA) (10 pmol/ml each),
and (b) plasma at 15 min and (c) 24-h
urine after dose of 0.1 mg/kg IP

Peaks : 1 IP; 2 NMDA; 3 unidentified; 4 NE;
5 E and DA; IP concentration (pmol/ml) :.
plasma 1.8; urine 42.4; Detector sensitivity :
a3; bl13; c0.3

CA DEBW RV BEMEELTT72r=1Y
N-A X —A-50mM ) AEEEEEKR @EH 7.0)
(5:1:4, v/v) BEHVBRATHS. ZORBRY By
T#% IP R NMDA 1o ylEsh (a=1.8), X
AR RPICISCTRBES FTRIND CA L)
X h 5, NMDA oFHichityRRR (12.2 7)
BPET LS. SEFE LA 2 7 — A BROEGREEHROR
waHEWIcE4E, 1P %ot NMDA 1 8 LA BiFIC
HEEXh, Xohboe—73 CAwrse—27Lt3%
BIFRSEEINS. + YV » EREEHKRO pH ROER
B rhFh 6.0~7.5 RO 10~1000 mM o fEToHrRE
BRUOEC— 7 BB 51k ot TOBRERON
bHRAEZAVWESEIIC— 7B EOEb L LY
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Table 1 Retention times, fluorescence excitation
and emission maxima and relative peak
heights of 1, 2-diphenylethylenediamine
(DPE) derivatives of catechol compounds

Retention Excitation Emission Relative
Compound time/ maximum/ maximum/ peak

min nm nm heightt
1P 5.0 370 475 100
NMDA 7.4 360 490 37
NE 2.6 355 465 19
E 3.7 360 475 48
DA 3.8 350 475 29
DOPEG 2.3 345 460 16
DOPAC 5.2 350 450 8
a-Methyldopa 3.8 355 490 5
Catechol 2.8 340 455 1

Portions (0.3m!) of 1nmol/ml catechol compounds
dissolved in the eluent for the clean-up procedure
with Toyopak SP cartridge were treated according to
the procedure for the derivatization followed by the
HPLC. t The peak height of DPE derivative from
IP was taken as 100.

~ 7DD BBEAI X .

32 WIEmMLIL
HIEFEBOFIESEE CA OEBE TR - 1.
CA, 1P RU* NMDA %#&GL#4AD #5 2 — i fbd
M ARG X b 8O EA L, HPLC offLH
bhs ¥ — 7 OfRFRRE, B4 c-—27BIRoatie
ROUIREBATEESY Table | wiid. BARER
OWTHRRROCEE L DLW TRE REILRD
g, RIGKF D IP RUY NMDA o3¢
s, BEAXDO L TAHKRL ED BRI RETH -
7o,

3.3 M IP OER

MAPCHFET D 5 v 7B BLik®EIz DPE K
X $ETS. XMmPRY Barit CA ohir
DODRFBTHD 3,4 Fe v 7 o=)l=F Ly 7
Jy =2 — ) (DOPEG), 3,4-Ce Fe +v 7 .= LK
(DOPAC) /el ohsz2—b&f & HELY, h
b3 DPE @ kb R¥H+ 50T (Table 1), e
CHEETSAE IP & NMDA ov— i B8r 53 3
REEMES B S, £ THIMEEE LT a2, 7 SP »
— bV Y, FBEREREEBA A ZEEE CM- 22—
(BrrE 270 BlE FEGEER) »—r), ok
OBAET7 L FINC X BHHIABYRIF L. WTFho
B5E5b 1P OFBIWETH L, LELTEHEREK
nELh, BELHEREAr=2, 2 SPa—bY , O
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BHALU. BEAML & 5iimLi IP Kot NMDA
(\WFhd 2pmol) oEIREKIT FhFh 87.9+1.7 &
O 92.3+1.4% (FHLEERE, =5 Thot:.
IP /e (0.1mg/kg) #FEnHEHE 15 HSomlL x
5 RO 5D 24 RfHR % BIFEC e B L T8
Zwu=t 735 a% Fig. 1(b) R (¢) TxR3. IP
v — 7 ORI, FHEORXAR7 F ARD
Bl re~b /57 4 —EDfTote. X IP #
SHioML x 5k \VTid IP R NMDA ¥ 6z
B e— 273 8% Shich stk Fig. 1 o3xX<tov
— 713, FEMERIGE I\ T DPE B X ~F v
7o) BAY YA BEEY B BEACI MET
5. ThIDE—7 3~513n5a—bEHcHkL
THWBZ NS, =2 4BOS53FhFh NE R
0" E+DA kT35 L%d CA FEE9OD HPLC
S TR TVRER L.

34 BIP OER

P TCRERRS L IP 3 rokEs (90% LE)
PEPHICHRBRAEG L e HD. IPYy L7 » — M3fiE
KRB X D IR BT, WEMER L U ek
fbLiz. ARG BEEORFCTE TR IP 17 o —
FOERMBEB ORI eD, IP BEEO ML 5RO
RECEER TS IP Y07 2 — s HRHRITIT - 7.
A FEREDO MBI L x 5 ROFWThosa 1000
C g\~ T 15~25 HpRT |khko> —ED HE IP A3
AR L. ZhEl b0 mEER T b Wit s
A, ZHAERUIERE IP 0L T30 L E2
bhn. 0°C TRZD XS DRI LR VARG
DFERCH 50 FEE L. 5T 100°C ¢ 20 4pf]
MEEL TINKD =TT 5 & e Lic. BERBROBER
KRB DOWTix 0.4~0.8M TERADWEHE IP A E
ZHEZTWD. T CAERBEEY 0.5M © #E
Lic (RIS 0.25M ). ml x 51388 %8
EMLBHTEREIVERE V2 BT\, FOLEEBLICE
ETHRERBC LY IP 17 = — F 2K RT S
TER L. @EFROBER 0.5M Ll E THRADE
BEIPARRER 525, o CBERBEESL 1.OM
KRELI. MASBEIML &+ 5 0B8R oF 4+ 2
VA=A RUCO0ZIM Y VBB Y v AEERK (pH 5.8)
Tz tctk, REE» Vv awrckb pH 5.8~6.2 sk
T5. Zhibtas, 7 SPr—1 ), SEEX, U
et 1P EROBE L ARCAET L. kS Bk o
FAAVAL P —ABHEMUSWEE, »7a2—a{bEy
BEOT7 AN VHRCETHBcLsEE2 Hhs IP
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Fig. 1 @580 & A—oMmL x 5 RORLEF
BECRCUBLTCHEBse~r 75 4% Fig. 2 R
T ML x S5RECRTHhY Fig. 1 LiEA L% —
YOI Rr= 7 AR LR. X IP B#5FOMmL &
S5 RORIZE\Tix IP Kot NMDA o HiBRR i
=2 A&Abhighote. ©— 27 ORI ER IP 0F

BOBE LERARIIT - 7.
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Fig. 2 Chromatograms obtained with hydrolyzed

(a) plasma and (b) urine samples used in
Fig. 1

Peaks : 1 IP, 2 NMDA, 3 unidentified, 4 NE,
5 E and DA; Totel IP concentration : plasma
0.12 nmol/ml, urine 6.7 pmol/ml; Detector
sensitivity :a 1.2, b 0.3

3.5 KREAR RVEUNERVRHER

IP BE5RioML x» 5 XORFRHC [P 2L TH
BERZIER L. 1P L NMDA @ v — 7 B XD M3 IP
DOEmE (1~1000 pmol) W HA L 7.

Fig. 1 RO'2 CcoRBLMvCmL x 5% IP, m
Lx 5 1P, Rl IP RORSPKR IP 2 -hZFh
10 EIFRER Lic & 2 oA EBEREEIFhEh 3.8,
3.4, 2.3 BV 2.4% THo 1.

KD S/N=2 ek} B BHERBF 1 15 fmol /50 pl 3
ABTHoT.

36 TP RUIP Doz —PDE=4—
f&ﬁk%@ﬁ%r& IP ERpiEmE (0.1 %% 0.2mg/

REH, 1im, =3, A8, A& : #%#HH HPLC tx2ml » SECRES IP o2 g 291

kg) BROTHR DRSS (FIPTR ; IP HRE 0mg »
&5 0.3mg/kg MY HEOHEL, 15 4558
BRI ML 5 5 dlER O 1P A% CE= £
— L. X 24 BRIRFPOBEEROE IP L TR LI
mu x 5EHE IP 3Bk 0.1 XU 0.2mg/kg &5 D
BE, WEH 15 HCcrhFh 1.9 X0 2.3 pmol/ml
B SR7eh, EhU R X - fe. e
DPFELHERE IP L& RBXhieh ot ML x 58
IP XKD BA 2T RBBEL k0L
T, FgECI 5 IR R SRECE L (Fig. 3).
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Fig. 3 Plasma concentration of total IP after oral
administration of IP in a single to healthy
men at 9:00 a.m. who had breakfast at
ca. 8:00 a.m.

Dose, body weight and age—a: 0.2 mg/kg
(powder), 62kg, 22 year; b:0.1mg/kg (po-
wder), 64kg, 28 year; c:20mg (timed-rele-
ase tablet), 63 kg, 30 year

24 BrERFPIZ, BK 0.1 Rt 0.2mg/kg ROK
BEER S s\ Tl IP 12 2 h Fh 65.8, 143.6 Kot
78.1nmol, & IP 127+hFh 10.3, 26.6 Kyt 22.0
pmol HEH I h 7.

Fig. 3 o7 wmy bk aMmL r 5 (19 %fk) %
BT, &IETHEKIP {E (x, nmol/ml) . HPLC.
BRACFEBRHED (o2 LBEH i VMD-101 %)+
ARV ALY —BRHBEFEH) X bBifE (y, nmol/
ml) LB RDdicd =5, HBER BFEEE
(FHBEEREC 0.998) %/RL, HEFEHFRIL y=1.012x+
0.003 CH - .
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Highly sensitive determination of isoproterenol
in plasma and urine by high performance liquid
chromatography with fluorescence detection.
Hitoshi Nownta, Etsuko YamacucHI, Akane MiTtsul,
Kenji OwntsuBo and Yosuke Omnkura (Faculty of
Pharmaceutical Sciences, Kyushu University, 3-1-1,
Maidashi, Higashi-ku, Fukuoka-shi, Fukuoka 812)

KAGAKU Vol. 35 (1986)

Isoproterenol has been employed as a bronchodilator
and a cardiac stimulant. A simple and highly sensitive
method for the determination of free isoproterenol and
total isoproterenol (the sum of free isoproterenol and
its major metabolite, isoproterenol sulfate) in human
plasma and urine by high performance liquid chromato-
graphy with fluorescence detection has been established.
After strong cation-exchange chromatography on a
Toyopak SP cartridge, free isoproterenol and N-
methyldopamine (internal standard) in plasma or urine
are converted into the corresponding fluorescent com-
pounds by reaction with 1,2-diphenylethylenediamine
in aqueous acetonitrile in the presence of potassium
hexacyanoferrate (III). These compounds are sep-
arated within 8 min on a reversed phase column,
TSK-gel ODS 120T with isocratic elution using a
mixture of methanol and 50 mM tris~hydrochloric acid
buffer (pH 7.0) (4 : 1, v/v). Isoproterenol sulfate is
hydrolyzed by heating with perchloric acid at 100°C
for 20 min to isoproterenol. The detection limit for
isoproterenol is 15 fmol in a 50-pl injection volume.
This method can be applied to monitoring isoproterenol
in plasma and urine.

(Received September 26, 1985)
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