13

A Ao XgEgEosa~v b I574—
— OPA #HEIc&2 K7 IvEE —
NIFESREINAY:  BRBRER BERRY: SRR

i — ESI fE EE R

(FR 348 H26H)

K EBEE

Determination of Polyamines Using Cation-exchange
High-Performance Liquid Chromatography
with o-phthalaldehyde Fluorescence Detection

Sumika NAGASE, Shoichi SATO,
Satoru WATANABE* and Taiichi SAITO*

Department of Medical Technology, Kawasaki College of Allied Health Professions
*Department of Pharmacology, Kawasaki Medical School
Kurashiki, Okayama 701-01, Japan
(Received on Aug. 26, 1991)

Key words : HPLC, ') 2 7>, Putrescine, Cadaverine, Spermidine, Spermine

# ®

NTwb, 22 THR2GHMBHR) 7 2> oWEBICEH L, Eatd ki, LENH HPLC-Benzoyl Ak H:
DOMBE ZIRDEEEODRRZIT-72, L L, SOFEIRABDEHETH D270 5T, BIEL L Ok
B LD D - 72T, ARG A A4 > TR 2 JH v 72 HPLC-OPA #t %ot #47-72, £V T 1> o
# 5 (Putrescine, Cadaverine, Spermidine, Spermine) (%, H— @i THiA 4 > 33HkiE 2 7 202 L 1)
SR, 0-7 ZNT T F (OPA) HEARICZEZ THRIT 2 K2 M 7 7 280 TER L 72, 4R
3R EHOPHE & ORI A RS % ET L 28538, F45c M &, £ — 7 Mo58iRed BIFTH - 72, HIE
JREZI3HEHRAT » T & 72 Benzoyl ik :ic #2005z L L 72, 72, &8N 7 > o/ mli®iz 1 ~5
pmol Th - 72, FFHEBNEMNE & FERE BN, BZ2EBEIMES L 072 [# ) KL HREORHEEZ TN TRIFTH
272, ZNHDIERIZT v FEEH AR T 3 > 0l SRARRES M EICEER TR 22 s 2 Wb L2,

(SPD), Spermine (SPM) % ¥#% %, il

& C &z

R T 2216784 Leeuwenhoer #5AD¥s
WHZ, Spermine O 1) A BRYE D55 & L C %
HTTRRL DD BN THE, )T Ik
12, B—RT I /%% 200 FL>ESDIE
BEHRACKENDRITH ), AFER 2 LOIZ Putres-
cine(PUT), Cadaverine (CAD), Spermidine

LR T I IS - RS - BY
EEBICERELEEZ R L TWBZ L
WS 7% > T & 72, —75, 19714F RusselV? 75 &F
FBREICBWT, RbBE) 7 3 RS - iy
JH & DREEMEZ e L CLSR, BRSO AR
TR HEE L THEEENTE Y, Z0%E
RN T I oBIMZLT L LEICRRY T
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WZ Db, EEe—r— LTHEHEIZ
Ll o T b,

LA L, P.S. Sunkara &1319824FI1C /L4 2
Wi % RHE L 2= 2SR T 3 v A RRHE
Flefdh Lz e b, EEORIEIH &L & b
il & Il T2 2 L 2 ALY 2
DEROIENLEY) T 3 > oFmc £ ) sEelc
W L7272, BOEBERIC L F) T3>
DSEDEEZ L TWBZ EXHML 2, OF
0, TEDBEERT LR T 3 > EARKHE
EH I E IS T L 28 ORI & iR 2
HlT2EEZ LN, RESIZ7VTBET
o FHIZIRO ) T3 > A A R B I I L
TEEmEL T3,

INLDEEEFOR) T IV E2ERT HICIT
WARESRKE), g 7o=) 7774 -8Bl
ATt T 77 4 —FEWIHNDERE THW
LILTZHY, WL A, B A AL
PMEEY L7z, URECOURDPERLN, &
ETIIEEK 7 o< 7777 4 — (HPLC) »*
In< Wb L Hick -7z,

F% 2212 Verkoelen &7t HPLC iz & %
R T 2> Benzoyl FEfkg % R L 728,
COWHREIZEY) T I v OFUREEOBEIC &
L, HPLC MIGEICE & 7 2 W% B ¢ =

LG - R

EThotz, L L, WEFICZ0WHEIZR
B TR E DEEZ B L Tnwb, £
Z THPLEERH 0 FifE & BIEREE A BT 5 Bl
T, bwA A > aZHMR % 72 HPLC-OPA
FHEHED % RE L 72D THET 5,

EESLURE
1. b

#EY, PATL3IY Fv—7802-SC, *+—
b ¥ 7°7851-AS, B K> 7°880-PU, 77 4
F—7"2860-CO, =M H#R21-FP, B & A
> T 7w — 2 850-GI 2 b G L 72 H ARG i i
W7 o= 7772 EHL 72, AEBRICHN
72 s # Fig. 1I2/RL 72,

77 LA 2 AR TH 5 H ARSI
#o POLYAMINEPAK (0.6cm IDX3.5cmL,
FH|— AR AR F LY - DE=Z AR E
CIBEAEK) FAV, BEZSHTRT0CIIR-
s

Putrescine, Cadaverine, Spermidine, 1,
6 -Diaminohexane, Spermine (& Sigma (St.
Louis. MO USA) o b nEHniz, 7T
ZF M) AR T 2 BT Gl
727 K. K), OPA igatdeoti (CEHT 2

HPLC (Japan Spectroscopic Co., Ltd, Tokyo, Japan )

Column Oven (860-C0)

Buffer pump
: . (821-FP)
Injector Coil :
Column %——————Qﬁ?ﬁ‘ Detector —
: POLYAMINE PAK Drain
: g Coil || |  teeeeeeen
: (880-PU1)
: Graphic
Auto integrator
sampler Reagent (850-GI)
_____ (85?-AS) E;g pump
: (880-PU2)
System
controller
e (802-SC)
Mobile phase OP A reagent

Fig. 1

Flow diagram of cation-exchange HPLC.
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7 K. K), fluzfesiss K. K o%k ({b
) #Hwz,

ES L

BEF L OPA RENHRBIZKITRT B
Th b,

%EtE (Buffer) 3.0 M Z7x>8_F+F I~
LKA, H,O0 2z C1 £icL, 60% it
i CoHE R L 72,

BOGAE (OPA BUGHE) @ 13 ) BR24.7g, KEgfL
#71) 7 223.0g, H,O 980mé, 10% Brig 357K
TNE6.0md, 16% OPA = % / — )LiEWil0md, %
BIC2-ANAT P2 /=02 . 0mdE NN T
L7z

4B, BB LOEHIEZI)VRT 74 v
% — (pore size 0.45 um) T, 204 MH
A L7234 % HPLC 2wz,

Zw MR ERY) T I vERICHWRRAD
FBL T Table, 1SR L 72, FRoiigicig s
NI KBTI T2 EARL, ) ET 7
4V — T, ZOEHR10u % HPLC 123
Alds

BREIUEE

PEFR - 5 N7z Benzoyl SHiAIZ R 7 2
> % Benzoyl b3 5728, KiEHAHIZ 2N
-NaOH, benzoyl chloride # Nz, —# (#7112
FEfE) 60°C TR %29 5, Ak L 72 benzoyl
polyamine (Z =—7 Witk % 5, g, =
—T7 W& dry N, ThREL, BiEZ A5/ —)iC
L C HPLC 1IC10u1iEAT 5, ZDH R

Table 1 Extract procedure of various tissues and
organs of rats,

various organs of the rats
<—homogenization
(10% TCA 2 mé)
<—centrifugation
2500 rpm 15 min
<supernatants are washed
by diethylether
H,O0 layer
«~filltration by 0.45 xm
milliporefilter
104 of the filtrate is
charged to the HPLC system

OPA 8 I T RITALEE A JEUME CIEF 12 R
PET 0, RETHOHEEOKRY) TV E
HIZIIDME TH 5,

F 72, W€k HPLC (OPA) iz & 2 FHikid
AF > RTe—F, UHSEE—FTH->Th
2HEF I 3HOBEMHEEH L7722 b
W EMH L Tz, 2 Putrescine,
Cadaverine, Spermidine, Spermine ?43Ef %
B EfH 179 & Spermine AR S 11
TLE) 2, FRSH»EEL LI Enb
ThNTERZLNTH B,

Lo, 77vxr MElEEHC %A1
— 58T, TR E MIIORENE £ T4
EEL, PN B F TR hRIE R b nwie s
DT bbb =2 7HNEER D, $ 72,
B EIRDAT L b IL S 728, WEHEAD ¥
A3V =B LB W &b b, REFEEDT
NTLEWERBKEZECT 24 DB
B

4l &%z 547 - 72 HPLC-OPA 4 sikic &
2R T I v Em I MR OREE T &
 RAUFICTHES 5 05k, REdRAT I 2 [nhiEd 5 ik
ELT7 702 v —WEHEEL K> 71T
52k, pHZE IS 2 i & DMllE SRR
Ff & ffE TR - 8RB 2175 72,
1) RT3k

RT3 TR, SRR WIS e
<, HEREE D v i » T HPLC Tz,
E AR SVTEIr 22 S 1% | I AN ZDZ % | A
DUt EDFFEAK, 72, BOGHEDSA L
78V, OPA 7% & OFFERFIH & 11
b, FRITFHEARSGEHE S TR, |
gt 27 2 (HASSG) THHTE 2 OPA &
W, BEREEREZM S 720, KT 3
CREHERE & UGB AR L, AT P v
% H7z, ZOFER, BRI R 340nm,
WHERASOnm W TH B Z L 5bo - 72,

MR ORY) T 2 3 T L5 EER, OPA- £
AT EE = NIGREE OGS, AT
ZEEROB SR AL, 7m= 7T L
DHEREEA T 7V —2 ItV ELERLL,
2) BEEOHZALE & IRE OGS

O pHo#sEt

MEMHIc BT 5pH%E5.2~6.2F TELEE 72
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& EORFFR 2 AT L 72 & 2 A, BEjH
PHA S { 70 BIT ERIFR IR L 72 (Fig. 2).
L7 L, pH5. 0LLF Tl R B I A b 2 48 Ul
ESNREE % 5 72, VL Z & LBEHED
SATIC B ZcpHI35.2~5.4TH 5 2 E W HER T
&7z,

@ BEHRE M

BEptHOpHZ5 .28 L, BEIHEE 2 b3 %
7o & & ORFEREE 2 MeET L 72 (Fig. 3), =
0.85mé/min & ) K& §5 &K 7IC Ao
20, 1.0mé/min LI 29 5 2 & i3BEmagIc R
WEETH 720, REHFKELS ZUTH 2L
RTINS REERE T L 72, &R
VT 2roE— 713 HEES0.65~0.85mé/min )
MTELZLT, SHHEEICLHEEL kh o7z,

LA L, 0.85mé/min D4, BB E OPA K
SRR & DIRMICIRBEZE L2, bz &n b
B EIZ0.80ml/min 25 BL TH D EE2 5
72

OB & V@RI R I EMEPES. 2, Fiat
0.80mé/min DFFHTMH M TH D Z L FRL
720 A% F @ HPLC Tld Putrescine %% 6 47,
Spermidine #1647, 1,6-Diaminohexane #%30
43, Spermine 75494143 Tt L, —Hl#45% T
G RE L e - 72 (Fig. 4),
3) H M

AR T 3 ¥EE250 pmol/ WA # I3 10, 20,
30, 50, 100, 200, 250 pmol/ ul|Z EXFEATIR 2 4T
WIEMMEE PN, N—=2 74 > DENHEL
TWREZTA TSV — S DEEE BV, 3

Spermine

(min)
60-
1,6 ~Diaminohexane
[
E 40
[
Spermidine
c
0 /__./
£ 201
[ i
- Putrescine
[
o ra—
(3 ) 1 ¥
0 %5.0 5.5 6.0
Buffer

Fig. 2 A relation between the retention time of polyamine and pH of mobile phase buffer.
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20r Mﬂine
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0 o0.65
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Fig. 3 A relation between the retention time of polyamine and flow-volume (mg¢/min) of mobile phase buffer.
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Table 3 Simultaneous reproducibilities of a stan-
dard mixture and sample of the thymus
calculated from peak area, and of separ-
ative time for putrescine (PUT), spermidine

(SPD) ,1,6-diaminohexane (DAH) and sper-

mine (SPM).
Polyamine PUT SPD | DAH | SPM
Standard X 2.601 2.648 | 2.603 2.678
(nmol/10uf) SD 0.0259 | 0.0326| 0.0352 | 0.0597
[n=6] CV9% | 1.000 1.229 | 1.350 2.229
Rat Thymus X 0.204 | 2.684 0.856
(nmol/10 wf) SD 0.0103 | 0.1338 0.0428
[n=10] CVY% | 5.082 4.987 5.001
Separative X 6.80 16.80 43.93
time (min) SD 0.0100 | 0.0196 0.0351
[n=20] CV9% | 0.417 0.117 0.080

Table 3 Reproducibility of duplicate determination
of sixty samples from various tissues of

rats.
n = 60 PUT SPD | SPM | Tatal PA
X 0.0643 | 1.3260 | 0.8430 | 2.2333
SDX 0.0750 |1.9124 | 1.1032 | 3.0611
Y 0.0657 |1.3160 | 0.8191 | 2.2007
SDY 0.0780 | 1.8968 | 1.0441 | 2.9934
r 0.9830 |0.9995|0.9977 | 0.9994
1.023 0.991 | 0.944 0.977
Y=AXXB
B | —0.0001]| 0.0014 | 0.0230 | 0.0180

Polyamine contents (nmol/mg)

HHEE & Yk LR % E L 72 (Fig. 5). %
DFER, Putrescine, Cadaverine, Spermidine,
1,6-Diaminohexane, Spermine ® 5 53X T
DR E S RIF L EME 2R L 72, S
M3 Putrescine #°1 pmol/uf, Spermidine
7% 3pmol/ul, Spermine »%5 pmol/ulf2fE &
BIRETH > 72, ST BB REREN D/ NE
13 Benzoyl #FEAARST TH50 nmol TH - 7275,
4l OPA #:13492.5 nmol & #2045 Hs
Bz AL 72,
4) FIRFEBMES LU HZEEBE

O [FEEFEILE

R L A — b > 77 2GRN
FER, 2.5nmol/10u0 Z #EHENE (n = 6) 1ZCV :
0.99%~2.23% &%), 7 v Fa#ERAK (n = 10)
13CV 1 4.99%~5.08% T 1, WIEREIZ R
LZ Ebhroiz,

a @ Putrescine
a b Spermidine
Cooeeeee 1,6 —Diaminohexane
doeee Spermine
b

Intensity

0 20 40
Elution Time

Fig. 4 Comparison between the present (---) and
previous (—) analysis for determination of
polyamines using cation-exchange HPLC

with o-phthalaldehyde fluorecence detec-
tion.

60(miny)

10F 4---1,6 - Diaminohexane
O---Cadaverine

gF ¢ --Spermidine
a--- Putrescine

-- Spermine

Area

Peak

o 100 200 (pmol/pl)
Concentration

Fig. 5 Calibration curves for determination of
polyamines.

RIS BERE [ O R R B & B4R, 2.5
nmol/10u0 2 # 7 (n = 20) 12 CV :0.08%
~0.15% & 2 ) BEMENSR N &by - 72

(Table. 2),

® HERIUME

HZHBM (n=6) (F Putrescine T CV :
6.02%, Cadaverine T CV :4.31%, Sper-
midine 5.19%, 1,6-Diaminohexane T5.10
%, Spermine T6.92% & % - 72,

5) 2 [E#E D R L EIEDFEBIE
7 b Control B (KEI180 g Fiitsod 7 Ak
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SD RHEZ » b 26H) 6 B2 DWT, &Hl#EH
RN T Iy (n=60) I2BF5 2 EEEDRLHA
ENTHBUEZ, MR TN EHERE IR L 72 (Table.
30
6) 7 MR ORY T I oM

S FHERREAZA— T TR
AEMLEGIEL CLMEZE L ko2, —
SR TR R I E A T RETH » 72, K>
T~y FHEIEREE (HASLk k) #EA
FTHZ LY, AT E RS 2 Z EHT
&, RSP C oML R S AL SR RENE
HHaEREE o 72,

& B

By A A > 2t HPLC-OPA 4tk & v
TR T 3 v EROBE 24T - 1oRER, Bk
JEI3PE R Benzoyl ik il 205w <,
— [ DT IR L O R B AE THI455 12
BHiT B2 D TER, F72, BUmOEMRE
BIUEBEEZRIETH), 7y Mll#boR
)T AR T E AR AR,

s ofmERER LY, 4147 - 72 HPLC-
OPA # ¥kl 3l TEIRE 2 R ) 7 3 > orbrk
Th), HERZ & OBEYHEED AR & D
=5 — L LTABRIEHAT DI AERTS
rEZLNSG,

BifEF <12, 5-Fu, AraC o 2 Fd o il
BLU7 2 VIEEFEMARE T MG L, Z
NHDIEHD ED L JIZRY) T 3 AU B
%I THME L T 5,

Eil 3

Fazikz iz ), KUFEIC v

W 72 R R B 1632E, KA, & HET,

BARSWF, IWWPETE L URHFELDEEIC
WL ET,

— - A AR

X B

1) Russell, D. H. : Increased polyamine concen-
trations in the urine of human cancer patients.
Nature New Biol., 283, 144—145, (1971)

2) Russell, D. H., et al. : Urinary polyamines in
cancer patients. Cancer Res., 31, 1555—1558,
(1971)

3) Abdel-Monem, M. M. and Ohno, k.:
Polyamine metabolism I : Urinary acetyl
polyamines in human cancer. J. Pharm. Sci.,,
67, 1671—1673, (1978)

4) APEHR—ER, M @ e—2— & L TORH
KT 20 L WlE - BsiE g, EBEond
D&, 124, 22—24, (1983)

5) Sunkara, P. S. et al : An essential role for
polyamine in tumor metastases. FEBS Lett,
150, 397—399, (1982)

6) T. Saito, et al: Trans-4-hydroxy-3-
methoxycinnamic acid (ferulic acid) inhibits
the effect of androgens on the rat prostate.
Experientia, 35, 696, (1979)

7 )Verkoelen C., et al: Quantitation of
polyamines in cultured cells and tissue
homogenates by reversed-phase high perfor-
mance liquid chromatography of their benzoyl
derivatives. J. Chromatography, 462, 41—54,
(1988)

8) S. Watanabe, S. Sato, T. Saito, S. Nagase,
M. Tomita, S. Ueda and : Investigation of
interfering products in the high-performance
liquid chromatographic determination of
polyamines as benzoyl derivatives. J.
Chromatography, 518, 264—267, (1990)

9) C. Loser, et al: Reversed-phase liquid
chromatographic separation and simultaneous
fluorimetric detection of polyamines and their
monoacetyl derivatives in human and animal
urine, serum and tissue samples : an improved
rapid and sensitive method for routine applica-
tion. J. Chromatography, 430, 249—262, (1988)



	空白ページ
	空白ページ



